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SECTION 1

Introduction
and

Introductory Review of Past Work



1.1 Introduction

'The immunological responses of an animal are put into effect
by the activity of the fixed and circulating cells which in aggregate

make up its lymphoid tissue,!

This statement which introduces a review of the immunological
activities of lymphocytes by Gowans and McGregor (1965) puts
forward concisely the reasons for interest in the lymphocytes.
Lymphoid tissue in the body is thought to amount to one per cent of
the body weight (Yoffey and Courtice, 1970) and although the bulk
of this tissue is to be found in lymph nodes, spleen, bone marrow
and othor organs throughout the body a small fraction is readily
accessible to investigation in.the peripheral blood, The majority
of the lymphocytes in peripheral blood are normally only transiently
blood cellsg; about two thirds of the cells interchange with cells
elsewhere in the lymphoid system while others are short lived cells
(Everett, Caffrey and Reike, 1964). ILymphocytes of the peripheral
blood are therefore more representative of the tissue as a whole
than might at first appear,

The blood lymphocyte povulation is heterogeneous both in
morphology and function, and it has become clear that the two
principal immune responses, antibody ﬁroduction and infiltration of
tissues with sensitised cells, the cellular immune response, are

attributable to distinet cell populations (Roitt, Grecves,



Torrigiani, Brostoff and Playfair, 1969). It is now possible to
distinguish these cell populations in peripheral blood lymphocytes
by recognition of surface immunoglobulins which azre found in
substantial quantity only on cells of the antibody vroducing line
(Papamichail, Brown and Holborow, 1971). Morphological assessment
of the blood lymphocytes has remained unsatisfactory in that
classifications of the lymphocytes depend on considerations of cell
size and degree of basophilia in stained prevarations, Histo-
chemical measurements or electiron microscopy might improve the
clagsification, but there are practical difficulties in applying
these technioues in quantity.,

Lymphocytes in tissue ;ulture will react to specific antigen
stimuli in sensitiged individuals and more generally to non-specific
mitogens such as the kidney bean extracf, phytohaemagglutinin
(Hirschorn and Ripps, 1965). The reaction known as the irans-
formation response involves cell enlargement nucleic acid synthesis
and later cell division, Tests of lymphocyte function based on
this transformation response have been applied in human disease and,
when there is a known immunological derangement, have Treguently
shown up an impaired ability of the lymphocytes to respond to
mitogens, Although alterations in the proportion of large”and
small lymphocytes in the blood have been documented in human
diseage such changes are difficult to define and a simple and
objective melhod of describing the nature of ihe blood lymphocyte

population is not available, It is to this problem that the thesis



ig directed,

The work desc?ibed is the aporoach of a biochemist to the
problem of assessment of the lymphocytes, Measurements of
nucleic acids have been carried out on lymphocytes isclated from
the peripheral blood using deoxyribose nucleic acid (DNA) to
establish cell numbers and ribose nucleic acid (RNA) to determine
the metabolic ectivity of the cells. The mean RNA/DNA ratio of
isolated blood lymphocytes has been proposed as a suitable
objective measurement of the cells and the ratio has been
determined in a series of normal subjects and in diseases of
special immunological interest,

Clarity of presentation has demaended that the thesis be
written in sections, This introduction is followed by a short
general review of past work on the role of the lymphocyte in immune
PTOCesSSEeS, A second separate section deals with investigations of
the methodology, and then in the third section a study of normal
lymphocytes and the effect of diseases on blood lymphocyte nucleic
acids is presented. A fourth section considers the lymphocyte
nucleic acids in renal transplantation and includes measurements on
human thoracic duct celis with observations on the nature of
lymphocyte REA, A short concluding discussion draws points from

the preceding sections in a general review of the work,



1.2 Introductory review of past work

The lymphocytes are directly involved in the production of
the immune response, a process so inveclved that a review of any
aspect of these cells must begin with an outline of the events of
antibody immunity and cell mediated immunity. Both of these
reactions are triggered by the presence of antigen, and depending
on the nature of the antigen as well as its presentation, humoral
antibody is produced or sensitiged lymphocytes appear as effectors
of the cellular immune response (Gowans and McGregor, 1965).

An appreciation that there are two mechanisms of immune
response developed from the observation that in some instances
(antibody immunity) a state of temporary immunity can be trans-—
ferred from an immune animal to a non-immune animal by means of
serum, while in other types of immune response transfer of immunity
with serum does not occur, Cell mediated immunity was recognised
when it proved possible to transfer cells from sensitiged animals
and thereby transfer reactions of the delsyed hypersensitivity
type such as skin contact sensitivity (Landsteiner and Chase, 1942),
skin allograft immunity (Billingham, Brent, Medawar and Sparrow,
1954), and tuberculin hypersensitivity (Chasey 1945)o Iyﬁphocytes
were the imporitant cells in the transfers (Billingham, Silvers and
Wilson, 1962) and these cells are regaorded as effectors in cell
mediated reactions,

It is instructive to look closely at the part pleyed by



lymphocytes in immune processes. In a revealing experiment
Cowans (1962) transferred thoracic duct small 1ymphoéytes from an
inbred strain of rats into the ¥l hybrid between the donor strain
and an unrelated strain, He showed that the transferred small
lymphocytes reacted against tissue éntigens in the hybrid which
were foreign to the transferred cells, that is antigens inherited
from the unrelated parental strain. A graft versus host reaction
ensued, This experiment identified the rat small lymphocyte as a
cell capable of recognising antigen and possibly also an effector
of tissue damage.

Important evidence of diversity in lymphocyte function has
come from stﬁdies oi wice %hich have been thymectomiged at birth
(Miller and Osoba, 1967). The thymectomized animals are partially
depleted 6f small lymvhocytes and have a severely limited capacity
to produce a cell mediated immune reaction, for example in allo-
graft rejection or in delayed hypersensitivity. Humoral antibody
production in response to certain antigens in thymectomized
snimals is less markedly impaired (Miller and Mitchell, 1969).
Developments from this type of experiment led to the study of mice
which have been exposed to whole body irradiation and these
investigations have clarified our understanding of lymvhocyte
function, Restoration of radiation depleted animals by means of
a thymic graft revealed that thymus derived cells would respond to
antigen by mitosis, but they did not make antibody in significant

quantity (Davies, Leuchars, Wallis, Marchant and Elliot, 1967).



Hossal and his colleagues (Nossael, Cunningham, Mitchell and Miller,
1968), using chromosomal markers to identify the lymphooytes, were »
able to show that most antibody producing cells were bone marrow
derived and it is now held that some form of co-operation between
thymus derived lymphocytes and bone marrow derived lymvhocytes is
necessary for the processes of recognition of a variety of antigens
and production of specific antibody (Claman and Chaperon, 1969),

An earlier observation by Glicl: introduces additional evidence
of diversity of lymphocyte function, It was shown by Glick and
his co-workers (Glick, Chang and Jaap, 1956) that a lymphoid organ
present in birds, the bursa of Fabricius, was necessary for the
proper development ol antibody producing cells in chickens,
Although a single organ equivalent to the bursa has not been
demonstrated in memmals its importance in birds is evidence in
favour of the existence of a population of lymphocytes distinct
from the thymus dependent cells, The present view, and this has
gained wide acceptance, is that memmalian lymphocytes are derived
ultimately from bone marrow as undifferentiated stem cells, Some
of the stem cells come under the influence of the thymus and
proliferate within its substance to become thymuas dependent,
T-lymphocytes., These are the cells with capacity to recognise
antigen and to proliferate outwith the thymus in a cellular immune
rTesponse, ther lymphocytes, again derived from bone marrow stem
cells, proliferate in areas of the lymph nodes, gut and spleen.

These B-lymphocytes arc of the antibody producing line and are best



considered as bone marrow derived thymus independent cells
(Meuwissen, Stutman and Good, 1969; Davies, 1969; Roitt, Greaves,
Torrigiani, Brostoff and Playfair, 1969). Anatomical parallel of
the functional division of the lymphocytes is observed in the lymph
nodes where certain regions known as the paracortical areas are
populated almost completely by thymus dependent cells (Parrott,

de Sousa and East, 1966), while thymus indevendent B-lymphocytes
proliferate in the germinal centres,

The validity of these observations for human immune reactions
has been accepted principally as a result of observations in
pathology. | Thus, the clesrest demonstration of the presence of at
least two distinct populabiéns of lymphocytes in man has been the
recognition of immunological diseases in which there may be
independent failure of either one of the.two types of immunity.

In 1965 Di George described congenital absence of the thymus in a
child and this defect was associated with failure of delayed hyper-—
sensitivity reactions, i.e, cell mediated immunity. Such children
have a relatively intact capacity to form immunoglobulins (Fulginiti,
Hathaway, Pearlman, Blackburn, Reiguam, Githens, Claman and Kempe,
1966), On the other hand a form of sex linked hypogammaglobulin-
aemia exists, first described by Bruton (1952), in which the thymus
gland is normal, circulating small lymphocyies appecr normal, but
there is a partial lymphocyte depletion from the thymus independent
areas of the lymph nodes, Plasma cells are lacking and these

infants fail to produce significant guantities of immunoglobulins



(Meuwissen, Stutman and Good, 1969).

Further evidence of distinct populations of lymphocytes has
been the detection-of surface immunoglobulins on the cells by
immunofluorescent technique, Both T-lymphocyte and B-lymphocytes
have antigens fixed to their surface by means of specific membrane-
bound immunoglobulins, hut only in B-lymphocytes is this sufficient
to be detected by fluorescein conjugated anti-immunoglobulin, In
mice the cells shown to be carrying surface immunoglobulins by this
method have been identified as B-lymphocytes (Raff, 1971) and a
proportion of the blood lymphocytes in man, of the order of one in
three, show detectable surface immunoglobulin typical of B
lymphocytes (Papamichail,-Brown and Holborow, 1971). It is now
almost certain that in man the presence of surface immunoglobulin
detectable by immunofluorescent technique identifies the B-
lymphocytes, more especially since in the Bruton type agamma-—
globulin none are found in peripheral blood (Froland, Natvig and
Berdal, 1971).

It is likely that the life span of T-lymphocytes and B-
lymphocytes is considerably different. There is undoubtedly a
population of lymphocytes in the rat with a life span in excess of
two hundred days. This is the interpretation of the persistence
of unlabelled cells during a long period of continuous administration
of tritiated thymidine to these animals (Robinson, Brecher, Lourie
and Haley, 1965). A minority of rat lymphocytes have a life span

of less than two weeks (Bverett, Caffrey and Rieke, 1964).



It has been possible to study the 1life span of the lymphocytes
in man by investigation of the persistence of small lymphocytes
damaged during therapeutic radiation, By this method it is
reckoned that the average life span of the human long-lived small
lymphocytes is between four and five years (Bucton, Court-Brown and
Smith, 1967). The long-lived cells recirculate between blood and
lymph nodes either directly or by percolation through the tissues
and thence by way of the efferent lymphatics and the thoracic duct
reappear in blood (Gowans, 1959). Long-lived and short-lived
lymphogytes are to be found in varying proportion in different
lymphoid organs and regions of lymphoid organs (Ford and Gowans,
1969), thoracic duct Lympﬁ showing a low percentage of the short-
lived cells and peripheral blood a greater proportion; about one
third of the blood lymphocytes in the rat are these short-lived
cells (Bverett et al.,, 1964), This is the proportion of immuno-
globulin bearing B-lymphocytes in the peripheral blood in man,
Furthermore, it is long-lived lymphocytes which are depleted in
thymectomized and therefore T-lymphocyte depleted rats (Rieke and
Schwartz, 1966). Definite proof is required however that short—
lived lymphocytes are B-lymphocytes and the long-lived variety are
T-lymvhocytes,

Oort and Turk (1965) have made a detailed study of the changes
which occur in regional lymph nodes of the guinea pig during the
develonment of contact sensitivity to the chemical oxazolone, a

cell medialted reaction. They observed enlargement ol lymphocytes
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in the paracortical areas of the local node to form pyroninophilic
blast cells, The lympvhoblasts reached their maximum concentration
four days after contact with oxazolone, the day before the animal
became sensitized to this chemical agent. Mitoses were apparent
in the lymphoblasts after day four and from auto-radiographic
studies it appeared very likely that the resulting deughter cells
were small lymphocytes. Similar changes have been described in
the days following the application of a skin homograft in the
rabbit (Scothorne and MeGregor, 1955).

When the antigenic stimulus gives rise to an antibody response
the changes in the lymph node are to be found in the medullary
region, On the sixth day'following intra~dermal injection of a
purified pneumococcal antigen there is a marked increase in the
number of plasma cells to be found in the areas known as the
medullary cords (Oort and Turk, 1965). Paracortical areas of the
lymph nodes appear unchanged when this ahtigen is adnministered,
The exvression of the immune response is influenced by the nature
of the antigen as recent studies of the response to Salmonella
flagiellar protein have shown quite clearly (Parish, 1971).
Progressive chemical modification of the antigen.resulted in a
steady reduction of the ability of the antigen_ﬁo induce antibody
production and an enhancement of the cell mediated rcsponse, Tt
is however likely that many antigens provoke a combined cell

mediated and antibody mediated immune responsc (Turk, 1967).
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The in vivo response to antigen challenge has been examined in
a different way by Hall and his collezgues (Hall, 1967; Hall,
Morris, Moreno and Bessis, 1967). These euthors developed the
technigue of cannulation of the efferent lymphaticz of a lymph node
draining the flank region in sheep, They then stimulated the
region drained by the nodc with a suitable antigen znd studied the
changes in the cellular content of the lymph flowing from the node,
It was clear from these experiments that large numbers of basophilic
cells appecred in the lymph when the antigen was a skin allograft,
and there was a similar response to injected human red blood cells,
Although both reactions probably involve a mixed cell mediated and
antibody response there wefe differences in the timing of the
greatest outflow of basophilic cells, Unfortunately there are no
studies of an uncomplicated cell mediated or antibody immune
response using ‘this technique.

An important advance in the study of lymphocyte function was
the development of an in vivo model of the immune response. In
1960 Nowell discovered that phytohaemagglutinin, a mucoprotein
extracted from the red kidney bean, phaeseolus vulgaris, was able
to stimulate cultured white blood cells to divide, It is small
lymphocytes which have the capacity to react ta non-gpecific
nitogens such as phytohaemagglutinin or to specific antigens where
there has been previous exposure of the cell donor to the antigen
(Hirschorn and Ripps, 1965). This so called transformation

response which includes RNA, DNA and protein synthesis with
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enlargement and division in some of the cells, is thought to
parellel the in vivo response of the lymohocytes (Rubin, 1967).
The response to phytohaemegglutinin and other non-specific zgents
such as Pokeweed mitogen and Streptolysin-3 stimulete a high
proportion of lymphocytes without prior sensitizing contact.
The extent of this in vitro reactivity of the lymphecytes relates
to the immunological potential of the cells and is diminished when
there is deficiency of thymus dependent cells (Davies, 1969). A
similar but more specific reaction to bacterial or viral antigens
in sensitiged individuals is a more close parallel of the natural
in vivo response but is of lesser degree (Meuwissen, Stutman and
Good, 1969)., Many reporfs of alteration in the lymphocyte trans-—
formation response in human disease have appezared in the literature,
some of which will be detailed later,

This thesis is mainly concerned with the blood lymphocytes,
The work of Hall and his colleagues on the ecellular content of the
lymph implied that changes are to be expected in the bhlood
lymphocytes during an immune response, The large basophilic cells
of the efferent lymphatics drain to the blood stream by way df the
ma jor lymphatic trunks, furthermore the electron microscopic
appearances of these basophilic lymphoid cells in animals (Hall,
Morris, Moreno and Bessis, 1967) are very similar to the cells
described in the peripheral blood in man in asssociution with an
immunological response (Zucker~Franklin, 1969), The striking

feature of the cells, and this accounts for their basophilia on
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stained preparations are the abundant clustered ribosomes in the
cytoplasm which is usually lacking in a developed endoplasmic
reticulum,

When a peripheral blood smear stained with Wright's stain is
examined by light microscopy it is immediately obvious that the
lymphocytes ere heterogeneous, Yintrobe (1967) staies that the
lymphocyte is generally small (ten microns in diameter) but larger
forms are common (ten to thirty microns). Attempts to be more
precise in a morphological classification of the cells have met
with the difficulty of making arbitrary divisions where no natural
morphological classes exist, Attention has been drawn to this
problem by several reviewefs (Cowans and McGregor, 19653 Sell and
Asofsky, 1968),

Farly classification of blocod lymphocytes relied on the
microscopic appearance of the cells on stained smesrs, in particular
the size and degree of basophilia (Wisemén, 19313 Reich and Reich,
1933; Pariser, Zucker and Meyer, 1552). With greater under-—
standing of the immune response, interest in this type of measurement
revived and because of the difficulty of making objective
measurement of basophilia various means of assessing the lymphocytes
have been devised. Hernberg made cell diameter meassurements on
stained smears of peripheral blood (Hernberg, 1954), Lesiewska
(1967) adopted histochemical techniques to measure lymphocyte DNA
and RNA content, and Crowther and his colleagues {(Crowther, Fairley

and Sewell, 1969) determined labelled Uridine and Thymidine uptake
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of the lymphocytes in an assessment of the rates of RNA and DNA
synthesis in the cells, A limited series of conditions have been
investigated by these several authors, Hernberg's studies were of
thyrotoxicosis, Lesiewska's measurements were in children with
viral infections, and Crowther's group examined the effect of
immunisation in normal subjects and in patients with Hndgkin's
disease. From these studies it is evident that the blood
lymphocyte population changes to include a greater proportion of
the more basophilic, RHNA containing, cells in response to a
variety of stimuli.

Fach of the methods used in the assessment of the lymphocytes
has disadvantages. Cell diameter measurements are laborious and
the cell size recorded depends on the techniques used, The
histochenical approach requires individual measurements from a
large number of cells and although the procedure of Crowther et al.
is shorter it is difficult to obtain reproducible results when the
uptake of nucleic acid precursors is measured in vitro (Parker and
Iukes, 1969). Determination of RNA and DNA content of the
lymphocytes may offer some advantages in reproducibility, but this
has not been previously investigated,

Chemical measurements of DY¥A and RNA in blood leucocytes have
been undertaken by Davidsoh, Leslic and White (1951) and by Métais
and Mandel (1950) but no chemical meesurements of DNA and RNA in
blood lymphocytes have been described except in patienls with acute

and chronic lymvhatic leucaemia (Rigas, Duerst, Jump and Osgood,
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1956). The opvortunity therefore exists to make a study of the
nucleic acid content of the blood lymphocytes by chemical analyses
in a variety of conditions,

At the time of writing there is no clear evidence which links
B-lymphocytes or T-lymphocytes with any particular morphological
class of celly Dboth may be small lymphocytes. There is a
suggestion based on measures of cell size and electrophoretic
mobility that the B-lymphocytes may be larger than T-lymphocytes
(Davies, 1969) and this is supported by independent observations,

Metcalf (1967) compzred the size of lymphocytes in suspension
by Coulter counter and showed that lymph node cells and these from
Peyer's patch were lacger aﬁd more heterogeneous than thymus small
lymphocytes. Heiniger, Riedwyl, Giger, Sordat and Cottier (1967)
demonstrated by electron microscopy that small lymphocytes from the
thymus of Swiss albino mice had a smaller nucleolar volume than
small lymphocytes from the popliteal node in these animals; this
was by a considerable margin, O.11 pm3 as against 0,46 pm3.

Thymic small lymphocytes also had less cytoplasm, Furthermore,
thymiec lymvphocytes have been shown to be lacking in polyribosome
structures (Clawson, Cooper and Good, 1966), TIrom these
observations it might be anticipated that T-lymphocytes, at® least
during the intra—-thymic phase of their life span, would have a
lower RNA content than B-lymphocytes., Large lymvhoid cells which
appear in the blood during an immune response may be plasma cells

precursors (Birbeck and Hall, 1967) of the B~lymphocyte line, but
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it is also possible that the large lymphocytes are T-lymphocytes
vhich have undergone blastoid transformation, Techniques to
differentiate these alternatives have hitherto been lacking as have
effective methods of monitoring the changes in the circulating

lymphocytes,

This review has only introduced topics from the vast literature
on the lymphocytes but it has given justification for a study of
the blood lymphocytes drawing attention to one of the problems,

the difficulty of assessing these cells,



SECTION 2

Methods and their verification

17
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2.1 Introductory review

Isolation of lymphocytes from peripheral blood.

The large number of published methods for the separation of
leucoéytes and lymphocytes from the peripheral blood is an
indication that no technique is entirely satisfactory, for example
Skoog and Beck (1956) have compared three methods and given data
on yields and purity of the isolated cells, as well as information
about the optimum conditions for cell separation, Two general
principles have been used in methods for isolating the leucocytes
from blood. In one_typey advantage is taken of the properfy of
certain high molecular weight materials such as dextran or gelatin
to accelerate red cell sedimentation. Separation of polymorpho-
nuclear leucocytes and lymphocytes takes place by differential
adhesion of the cells either to the same added material, gelatin is
effective (Coulson and Chalmers, 1964), or to additional adsorbants
such as cotton wool (Cooper, 1967), or glass beads (Rabinowitz,
1964 ). In another procedure the cells are separated by
centrifugation through layers of different densitys; solutions of
bovine serum albumin (Vallee, Hughes and Gibson, 1947) or silicone
0il (Seal, 1959) have been used.  In the present investigation

- methods depending on these two principles were tried and compared,
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Measurement of RNA and DNA in human lymphocytes.

Reviewers of the problem of nucleic acid determination in
tissues have agreed that the most generally useful method of RFA
measurement, and one that is still reasoﬁably convenient, is to
apply ultra-violet absorptiometry to the RNA fraction separated by
the Schmidt Thannhauser method (Hutchison and Munro, 1961).,  An
important proviso made by these authors is that allowance must be
made for the small amount of protein present in the separated RNA
fraction and since the amount and nature of the protein is variable
depending on the itissue analysed the factors employéd in any
correction technique must Be worked ouf for the tissue concerned,

Analyses of the DNA fraction following the Schmidt Thannhauser
separation engenders similar dangers of contamination with protein
as are encountered with the RNA fraction (Hutchison and Munro,
1961).  Davidson (1957) recommended the extraction of the DNA with
hot perchloric acid, 0.5 N at 80 C for ten minutes, however if
ultra-violet absorptiometry is to be employed, correction for the
presence of protein will still be necessary (Tsanev and Markov,
1960). Much of this section is concerned therefore with an
assessment of the validity of these analytical methods for human

lymphocytes.
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2.2 The gelatin method for the isolation of blood lymphocytes

The gelatin sedimentation method of Coulson and Chalmers
(1964)»for the separation of human lymphocytes from peripheral
blood was modified in order to increase the purity of the
lymphocyte yield and the convenience of sample collection,
Ethylene-diamine-~tetra acetic acid (EDTA) was used as the anti-
coagulant whiﬁh avoided the need for immediate defibrination of
the blood sample, a disadvantage of the original method,
Defibrination was retained as a step in the separation however,
since the fibrin clot selectively traps and removes polymorpho-
nuclear leucocytes; +the procedure was used after the bulk of the
red cells had been removed and the selection therefore more
efficient,. In the method, an aqueous solution of gelatin prepared
from lime-processed hides was mixed with the blood to accelerate
red cell sedimentation, This gelatin has a high content of
calcium (8.0 mg per 100 g of the solid), so that an increase in the

amount of EDTA anticoagulant was reguired for the modified method,

Materials 7
1) 'Repelcote!, a 2% solution of dimethyldichlorosilane in carbon
tetrachloride (Hovkin and Williams, Ltd.).

2) 0.11 M EDTA, 4 g of the disodium salt per 100 ml water brought

to pH 7.4 with 4 M potassium hydroxide to give a solution of
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40 mg EDTA per ml,

3) 0,10 M calcium chloride, 1.10 g anhydrous salt per 100 ml in
0.05 sodium chioride (4.0 mg calcium per ml),

4) Gelatin, a 3% solution in 0,15 M sodium chloride. The gelatin
was number 277, number 309 or number 66003, obtained from the
Gelatin and Glue Research Association, Warwick Street,
Birmingham, 12, The solution was freshly prepared for each
batch of analyses,

5) 0,15 M sodium chloride,

6) 0.30 M sodium chloride,

Procedure

Venous blood, 20 mly; was collected in a polystyrene tube
containing 1 ml of the EDTA solution, After mixing, 6.0 ml of
the gelatin solution were added and the solution mixed again,

The diluted blood was then transferred to a siliconed tube and
stood at a temperature of 37 C for thirty minutes during which

time the mixture separated into two visibly distinct layers, The
whole of the upper layer, freed from the bulk of the red cells,

was removed to a 50 ml conical flask fitted with a stirring rod
suitable for defibrination (i.e. a glass rod with a wire pafer—clip
fixed on its end), Calcium chloride solution, 2 ml, were added
and defibrination carried out by swirling. After about fifteen

minutes, when defibrination was complete, 3 ml of the EDTA solution
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were added and the suspension removed to a centrifuge tube, The
cells were then spun down by centrifugation at 350 gav (1400 rev/
min in = centrifuge head of 16 cm radius) for ten minutes, The
lymphocytes sedimented as a small button tinged with red, there
being some red cell contamination at this stage, It was
convenient to make a smear of the sediment by spreading a small
sample on a glass slide; the fixed and stained preporation was
then used to assess the contamination with white cells other than
lymphocytes, The red cells were removed by a process of osmotic
shock; 2 ml or 3 ml of ice cold distilled water were added to the
cell button, the cells suspended and left for exactly fifteen
seconds, Normal tonicity %as then restored by tuc addition of an
equal volume of ice cold 0,30 M sodium chloride solution and the
cells maintained thereafter at 4 C. Centrifugation at 125 gav
(900 rev/min in the centrifuge head of radius 16 cm) again gave a
cellular button, this time grey-white in colour. The haemoglobin
from the lysed red cells remained in solution and was removed by
Pasteur pipette together with a thin layer of red cell ghosts
overlying the compact button, The lymphocytes were then
suspended in 2,5 ml of 0,15 M sodium chloride solution. Some
clumping of the cells was occasionally observed and these cell
aggregates were removed by allowing them to sediment to the bottom
of the tube on standing for five minutes, The suspended cells
were then collected by Pasteur pipette and a cell count was carried

out.
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Usually about 12 million cells were obtained from 20 ml of
blood representing a yield of 25 per cent of the lymphocytes,
A minimum of three million cells were required for reliable
estimation of nucleic acid so that 10 ml of peripheral blood would
in most cases give a satisfactory yield of cells. Reduced
volumes of blood were used on some occasions with appropriately
adjusted reagent volumes but in general a 20 ml sample was used.
The few cell suspensions with less than 90 per cent of lymphocytes

were regarded as unsuitable for chemical analysis and were discarded,

The gelatin and cotton wool method for the isolation

of blood lymphocytes

At a later stage of the work, following a suggestion by
H.L. Cooper (1967), an additional step in the separation was
adopted which improved the purity of the final lymphocyte
guspension, so that samples with excessive contamination with poly-~
morphonuclear leucocytes were all but eliminated, The new step
was to add cotton wool to the defibrinated suspended cells,
sufficient to soak up free fluid (the cotton wool was pre-washed
in distilled water and dried). After fifteen minutes at 37 C
the purified cell suspension was expressed from the cotton wool by
pressure and the cells centrifuged ready for osmotic shock as

before, This modified method will be referred to as the gelatin
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and cotton wool method., The previous method, Section 2,2, is

the gelatin method,

2.4 The silicone 0il method for the isolation of blood lymphocytes

S.H. Seal (1959) has published a method intended for the
isolation of cancer cells from the peripheral blood which allowed
separation of lymphocytes from other cells by centrifugation
through silicone oil of a particular specific gravity. The
method described here has been modified from the publizhed
technique in an effort to maintain the viability of the lymphocytes
by maintenance of a suitable osmolality and to eliminate possible
difficulties with the technigue due to fluctuations in room

tenperature,

Materials
1) Silicone 0il
M3 510 Hopkin and Williams, Ltd. (Relative density at 20 C
with respect to water at 20 C 0.9956).
MS 555 Hopkin and Williams, Ltd. (Relative density at ;0 C
with respect to water at 20 ¢ 1,0715),
The two silicone oils (density measured by density bottle
technique) were blended to give an oil of relative density

at 20 C with respect to water at 20 C of 1.0695-1.0698;



the preparation being 2.5 ml 510 to 97.5 ml 5553 +this was
a modification from the original technique,
2) Polyvinyl Pyrrolidone (PVP)
35,0 g of PVP (British Drug Houses, Ltd.) was dissolved in

500 ml of 0.85% saline with 0.5 ml of WR 1339 polymer and
2.5 g of EDTA, The pH was adjusted to 7.4 (approximately
5 ml of M KOH) and the volume made up to 1 litre, Water,
100 ml, was then added to give a final osmolality of 290 m
osmole/kg.

3) Saponin. A 2% solution of Saponin in water.,

Procedure

Ten ml of silicone oil blended to a relative density of
1.0695 to 1,0698, was placed in a 50 ml siliconised centrifuge
tube and overlaid with 20 ml of PVP solution and the whole
cooled to 4 C, Then 8 ml to 12 ml of defibrinated blood was
added to the PVP layer and the tubes spun at 500 gav (1650 rev/
min in a head of 16 cn radius) for thirty minutes at 4 C, This
was the time required for the red blood cells to penetrate the
surface of the oil. Iymphocytes, with a few red cells, then
remained at the PVP oil interface in a thin grey and red layer,
The supernatant PVP solution was removed down to a level close
to the o0il surface and the cells washed off with 20 ml of fresh

PVP solution using small aliquots and distuwbing the oil as

25



little as possible, Gross contamination with oil droplets was
reduced by allowing -these to setile out from the washings; Red
blood cells were lysed by addition of 1 ml of 2% saponin to

20 ml of PVR cell suspension, The lymphocytes were then
centrifuged at 200 gav (1,100 rev/min in a centrifuge head of
radius 16 cm) for thirty minutes at 4 C and washed in 10 ml of
PVP, It was convenient to suspend the cells in 3 ml of PVP for

counting and removal of aliquots.

2.5 Cytology

ILymphocyte counts,

Counting of lymphocytes in suspension was carried out by
adding 0.1 ml of the cell suspension to 1,0 ml of 1.5% acetic acid
solution, tinted with methyl violet, using accurate pipettes for
the dilution. The cells were counted in an improved Neubauer

counting chamber,

Whole blood white cell counts.
This was carried out by standzrd technique using the Coulter

counter, model F, (Coulter BElectronics Ltd., England).
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Differential counts on blood white cells by light microscopy.,
One hundred cells were examined on each blood smear stained

with Leishmen's stain, The battlement technique (MacGregor,

Richards and Loh, 1940) was used to ensure representative

counting of the cells,

Cell diameter measurements,

Some measurements were carried out of lymphocyte diameters as
measured on a fixed and stained blood smear, These measurements
were made using the Watson image shearing eyepiece, previously
calibrated by a ruled calibration slide, Measurements to 0.1;pm

were readily made witi tnis technique,

Cell wviability.

Estimation of wviability of the isolated cellé ﬁas carried out
by the standard trypan blue method (Parker, 1961) which showed up
dead or damaged cells, since only they are stained when the dye is
added to a cell suspension. The procedure was as follows:—- to
1 ml of isolated lymphocytes suspended in 0.15 M sodium chloride,
0.5 ml of a 0,5% solution of trypasn blue in water was added. The
cells were examined by light mioroscopy.after ten minutes and the
percentage of stained cells recorded. Cells prepared by the
gelatin method and the silicone oil procedure were shown to respond
to mitogens in tissue culture but no systematic comparison of cell

viability by this method was carried out.
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Phosphorus measurement

The method of Allen (1940) was used for measurement in the
range 10 micrograms to 100 micrograms of phosphorus, Di~
potassium hydrogen phosphate, Analar grade, was the standard and

was prepared by drying to constant weight at 100 C.

Protein measurement

Measurements in the range of 10 micrograms to 150 micrograms
of protein were carried out by the method of Lowry, Rosebrough,
Farr and Randall (1951). Bovine serum albumin fraction V

(Armour Pharmaceutical Co., England) was the standard used.



Figure 1

- The separation of RNA and DNA by the moditied Schmidt Thannhauser

technique.

THE_SEPARATION OF RNA AND DNA

Ceil suspension

DNA
Precipitation of RNA in0.2M Perchioric acid
Protein

ppt.washed in 0-2M Perchloric acid
to remove nucleotides

1 hour incubation with 0.3M KOH
at 37°C hydrolyses RNA

l

‘ Reacidification with perchloric acid

/ e %

Acid soluble material is L DNA .
the 'RNA’ fraction Perf:‘;‘l!?)?'%::‘ salts are reprecipitated

Treatment with 0-5M perchloric acid
at 80°C for10 mins renders DNA acid soluble

Cocled to 4°C

ppt. is protein and
Acid soluble material is perchlorate salts
the 'DNA’ fraction

The flow diagram tor the method ot separation ol a cell suspension

into RNA and DNA fractions is outlined. Details are in the text

(Section 2f8).
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2.8 The measurement of RNA and DNA

The method used was that of Schmidt and Thannhauser (1945)
as modified by Fleck and Munro (1962), cmitting extraction with
1ipid solvents (Hallinan, Fleck and Munro, 1963), and using
Schneider's modification for extraction of DNA (Davidson, 1957).
Considerable reduction in scale from the standard procedures was
required to give sufficient sensitivity for measurement of the
small amounts of nucleic acid present in the samples of
lymphocytes., The method makes use of the hydrolysis of RNA in
dilute .alkali as a means of rendering it acid soluble under
conditions in which DNA and protein are stable, Reacidification
allows separation-of the acid soluble oligonucleotides derived
from hydrolysis of the RNA from the insoluble recidue of DNA and
protein, The DNA proteinlfraotion may then be treated with hot
perchloric acid to extract the DNA, The flow diagram for the

separation has been drawn up in Figure 1.

Range
The range for the method as described is from 0.4 micrograms |

to 5.0 micrograms RNA phosphorus and from 1 microgram to 25

micrograms DNA phosphorus,
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Procedure

All manipulations were carried out at 4 C unless otherwise
stated.

The sample, containing a known guantity of lymphocytes between
2 x 106 and 20 x 106 cells, was pipetted into a 9 cm by 1 cm
centrifuge tube usually in 2,0 ml of 0,15 M sodium chloride. To
this was added one half volume of 0,6 M PCA making the mixture
0.2 M in PCA, The suspension was left for ten minutes then
centrifuged for five minutes at 500 gav (1650 rev/min in a 16 cm
radius centrifuge head). The supernatant was discarded and the
pellet resuspended in Q.2 M PCA, Centrifugation as before,
followed by resuspension and recentrifugation, gave a pellet
washed twice in PCA. Excess of acid was carefully drained from
* the pellet which was then broken up by shaking, treated with
0.5 ml of 0.3 M potassium hydroxide, and incubated at 37 C for
exactly one hour,

At the end of the incubation period the solution was cooled
to 4 Cy, and 0,25 ml of 1,2 M PCA added, After standing for ten
minutes, centrifugation at 500 gav for five minutes was carried
out and the supernatant transferred to a graduated tube, ?he
precipitate was washed twice with 0.75 ml volumes of 0.2 M PCA,
the washings being added to the graduated tube, The pooled

suvernatant and washings were made up to a volume of 2.5 ml or,

in some experiments, 3.0 ml with 0.2 M PCA giving the RNA fraction
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in 0,2 M PCA. It was found to be necessary to ensure that the
graduation on the tubes was accurate,

The washed precipitate which contained the DNA together with
cellular protein was treated with 2,0 ml of 0.5 M PCA and
incubated at 80 C for ten minutes then cooled to 4 C, allowed to
stand for thirty minutes, and centrifuged for five minutes at
500 gav, Supernatant 1.5 ml was removed and mixed with an equal

volume of 0,5 M PCA to give the DNA fraction in 0.5 M PCA,

Measurement of RNA,

Measurement of the RNA content of the separated RNA fraction
was carried out by ulira—violet absorptiometry.

‘A small amount of protein may be solubilised by the alkaline
digestion procedure and this polypeptide will contribute to the
optical density at 260 nm, A correction may be made for this
error provided that the specific extinction of the contaminating
material is known as well as its concentration, As an
alternative to protein assay, a correction for protein
contamination may be made by application of a two wavelength
correction (Fleck and Murro, 1962), This necessitates the
preparation of a sample of the tissue RNA to obtain values for
the specific extinction coefficients at two selected wavelengths,
together with knowledge of the specific extinction coefficients
of the contaminating polypeptide at the selected wavelengths,

A sample of human lymphocyte RNA was obtained by the method of
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Digirolamo, Henshaw and Hiatt (1964), and the purified poly-

peptide prepared following the technique of Fleck and Munro (1962),

Correction by protein estimation,

Lymphocytes were iscleted in gquantity from human blood
discarded from the heart lung macnine, The polypeptide prepared
from them had a maximal absorption at 275 nm, and a minimum at
255 nm, The extinction Eéégmnm for a solution of the polypeptide
in 0.2 M PCA containing 1 ug protein per ml was 0.00075 optical

density units, This factor was used to correct the extinction

at 260 nm of the RNA fraction for its measured protein contamination,

Correction by two wavelength measurements,

Purified human lymphocyte RNA had, after alkaline digestion
and solution in 0.2 M perchloric acid, a molar extinction
coefficient with respect to phosphorus of 9200 at 260 nm with a
1 cm light path, This solution had a maximum at 262 nm and a
minimum at 235 nm, The ratio of the extinction at 260 nm to the
extinction of 280 nm was 1,3. Unhydrolysed RNA had a similar
spectrum except that the maximum was at 260 nm, There was no
detectable protein coﬁtaminaﬁion of this purified RNA but since
some minor protein contamination was found in the fraction
obtained by the modified Schmidt Thannhauser procedure described

above, correction factors were calculated as follows,
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The corrected RNA concentration, cRNAP of a solution, is
given by: CRNAP = A.E, - B.E, (Fleck and Munro, 1962), where
El and E2 are the optical density measurements of the solution
made at two wavelengths >\l and Duoe A and B are constants
depending on the extinction coefficients of the pure RNA and of

the contaminating protein, The selected wavelengths were >\1 =

260 nm and )\2 = 232 nm, A and B are derived as followss—
A = 1 B = 1
T, =T P1 T P2 -7
1 2"1-5'— 1 == 2
2 1
T

1 and r, are the specific extinction coefficients of the lymphocyte
RNA at 1 @nd o3 these values are 0,296 at 260 nm and 0.182 at
232 nm for a solution in 0.2 M perchloric acid coataining 1 png of
RNA phosphorus per ml, P1/P2 is the ratio of the extinction
coefficients of the protein contaminant at ) 1 and %\2' A
solution of the pure polypeptide in 0,2 M perchloric acid gave the
value for “1/P, of 0.210.

Substitution gives the values of 3.876 for A, and 0,812 for B,

1 cm

1
°m Yy . (0,812 . Eyy5 pm) M€ RNA

Thus cRNAP = (3.876 . B, =

phosphorus per ml,

A reegent blank obtained by cerrying a sample of saline
through the procedure of the Schmidt Thannhauser separation gives
small but significant extinction values at the two wavelengths
used, and a reagent blank was therefore included with each batch

of analyses and appropriate correction made.
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Measurement of DNA.

The modified Schmidt Thannhauser procedure described above
gave the DNA fractioﬁ in 0.5 M perchloric acid. Measurement of
the optical density at 265 nm was used to estimate the DNA
content (Davidson, 1957). The standard for these measurements

was highly polymerised calf thymus DNA (Sigma London Chemical Co,).

1 cm
265 nm

respect to its phosphorus content, the measurement being again in

This had a molar extinction coefficient E of 9500 with
0.5 M PCA, a ljug P per ml solution of the DNA in 0.5 M PCA
having an extinction at 265 nm of 0.308 after the usual acid and
alkali treatments of the separation procedure, The wavelength
used represents the maximum-for both the standerd and “he
lymphocyte DNA, The sepafated DNA fraction was found to contain
a small amount of solubiligzed protein so that a protein correction
was again applied. This was carried out as described under the
measurement of RNA substituting the values applicable to the DNA
measurement (Tsanev and Markov, 1960).

Calf thymus standard of concentration 1 ug DNA phosphorus per
1 cm

of 0,308 = Ty and E232 am of 0.127 =

1 cm

ml had an extinction E265 m

r, in 0.5 M PCA,

2

Values used for the protein contaminant were P1/P2 = 0,224,

The corrected DNA concentration was given by:

1l em
232 nm

1 cm

cDNAP = (3,571 . E?65 -

) -~ (0.802 , E ) pg DFA phosphorus
per ml, Again corrections to the extinction values for the

reagent blank were made,
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In some experiments DNA was determined by the Ceriotti (1955)
procedure using calf thymus DNA as standard.

In later experiments, when access to the Olivetti programma 101
computer became available, a simple programme was used to calculate
the RNAP content per 106 cells, DNAP content per 106 cells, and the
RNAP/DNAP ratio, given the appropriate optical density values,
sample volume measurements and the number of cells analysed;

The results have been expressed as DNA phosphorus (DNAP) and
RNA phosphorus (RNAP) since values for the standards were arrived
at by phosphorus determinations. Conversion from DNAP to DNA
values and RNAP to RNA values depends on factors (approximately
ten per cent of DNA and RNA is phosphorus) which are not
necessarily the same in different tissues, Future determined
results are therefore expressed as DNAP and RNAP which are

preferable to the derived values for DNA and RNA,
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Statistical methods

The statistical methods used in this and later sections were
standard procedures as described by Srelecor and Cochran (1967)
and by Armitage (1971). In most instances statistical
comparisons of mean values were by Student's t-test but where a
preliminary waestlshowed significant between-group variance
Welsh's test for 'd' was employed (Armitage, 1971), referring to
the tables of values of 'd' (Pearson and Hartley, 1954) for values

of statistical probability, p.

Results of comparison of yields, purity and visbility of the

cells in two methods of isolating lymphocytes from blood

In the initial stages of the work, two methods of lymphocyte
separation were compared by measuring the yields of lymphocytes
obtained and the purity of the isolated cells by differential
counting of a stained preparation. The results of these
measurements on samples of blood from normel individuals are
listed in Table 1. The silicone oil method was superior Po the
gelatin separation only on the basis of the yield of lymphocytes
obtained from blood. The average yield was 46 per cent of the
theoretical poésible lymphocyte yield in the silicone oil method,
and 25 per cent in the gelatin method. There were only marginal

differences in the purity of the isolated cells in the two methods



Table

1

et e e T

Comparison of yield, purity and cell viability in two techniques

of isolating lymphocytes from blood, the silicone o0il method and the

gelatin method.

Number of specimens gtudied

Percentage yield mean
of lymphocytes range
Percentage of
- . mean
lymphocytes in
isolated cells range
Percentage of
mean

viable cells
(3 specimens only) range

Silicone oil
separation

8

46
14 to 68

98
95 to 100

60
30 t0 75

Gelatin
separation

12

25
11 Yo 62

94
90 to 98

96
90 to 99

Percentage yield is the number of separated lymphocytes expressed

ag a percentage of the number of lymphocytes present in the whole blood;

percentage of lymphocytes in isolated cells expresses the purity of the

preparation measured on a sgtained filmg

percentage of viable cells is

the percentage which do not take up the dye trypan blue in a standard

technique described by Parker (1961),
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but when cell viability was compared the silicone oil method was
strikingly inferior, Sixty per cent of the lymphocytes on

average were viable after silicone oil separation while an

average of 96 per cent were viable after the gelatin procedure.

In normal individuals all the mononuclear cells examined which were
isolated by the silicone oil method, the gelatin method or the
gelatin and cotton wool method, had the appearance of large or
small lymphocytess contaminating cells, always less than ten per
cent and usually less than five per cent, were polymorvohonuclear

leucocytes,

Bxperiments to establish Ehé validity of the method of
measurement of RNA and DNA,

Determination of the validity of the RNA and DNA analyses
requires a consideration of specificity, accuracy, precision and
gsensitivity of the methods employed. For this assessment,
specificity will be defined as the extent to which the method
measures either RNA or DNA and not interfering substances;
accuracy describes how much individual determinations deviate from
the amounts actually presentsy precision is defined as the
repeatability of the anolyses, and sensitivity describes the
amount of the analysed substance which can be distinguished from
ZET O, In practice, this last psrameter oorrésponds to the

standard deviation in replicate measurements (Richterich, 1969).
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Errors in the determination of RNA by the Schmidt Thannhauser

procedure can arise from the ultra-violet absorbancy of protein
present in the fraction. Correchtion for this lack of
specificity, as has been indicated earlier in the section, was
carried out by measurement at two wavelengths with application of
a mathematical correction, as well as by direct measurement of
the contaminating polypeptide.

Presented here are the results of a series of measurements
to establish that the two wavelength corrections are appropriate.
Figure 2 shows the correlation between RNAP determinations by
ultra-~violet absorptiometry using the two wavelength correction,
and RNAP measurements on the same samples with correction by
actual measurement of the contaminating protein. The
correlation coefficient of 0,96 established that the two wave-
length method of correction would be satisfactory. It is also
more convenient than the alternative method, More rigorous
checking of the specificity has not been underteken since the
method is an established one and the recommended check procedures

(Hutchison and Munro, 1961) have been carried out.



Figure 2

Measurement of lymphocyte RNA by ultra-violet absorptiometTys

correlation of two methods of correction for protein error.

Mg RNA Phosphorus/ml

Correction by Protein Measurement

20 —

0 ~

r=0-96
y=0-98 x+0-01

T T 1
10 x 20
Mg RNA Phosphorus/mi
Correction by Two Wavelength Procedure

The ordinate (y) gives measurement ot RNA by uiltra-violet apbsorption
in nineteen samples expressed as ug RNAP phosphorus per ml, corrected by
measurement ot protein contamination. The abscissa (x) shows the results
6f the annlyses of the same samples using ultra-violet absorptiometry and

the two wavelength correction. The regression line ot y on x is drawn.
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2,12 The svpecificity of the DINAP measurements

The results obtained in the DNAP analyses of a series of
samples of lymphocytes using the two wavelength procedure were
compared with the DNAP analyses by an independent method of
measurement, i.e. that of Ceriotti (1955). The correlation
coefficient of 0.97 was obtained in the comparison (Figure 3).

.The relétionship between the two methods was such that one
microgram DNA phosphorus by Ceriotti was equivalent to 0,94
micrograms of DNA phosphorus by the ultra-violet measurement
plus 0,004, Thus the Ceriotiti reaction gave slightly lower but
8till well correlated results when compared with ultra-violet
absorptiometry but since the measurements by the Ceriotti
technique are of lower accuracy than these using ultra-violet
absorptiometry (see over) the latter method is considered

superior.



I'igure 3

Measurement of DNA. A correlation of two methods.

Mg DNA Phosphorus
Estimated by the
Ceriotti Procedure

3-0-
2.0 :
Y
1-0
+=0-97 R
1 y=094 x+0-004
0 1 . T |
10 2:0 30

ag DNA Phosphorus Estimated by UV absorbancy

Measurements of DNA by the Ceriotti procedure as the ordinate (y)
are compared with measurements ot DNA by the two wavelength procedure

in the abscissa (X). The Tregression line ot y on X is showlhe



2.13 Assessment of accuracy

Recovery experiments for the methods of nucleic acid analyses.

A soluiion was prepared containing DNA, RNA and protein in
amounts similar to those encountered in analyses of lymphocyte
prepzrations, i.e. 4.40 ug DNA phosphorus, 2.70 ng RNA phosphorus,
and 3 mg of protein per 1 ml aliquot. The materials used were
highly polymerised calf thymus DNA (Sigma London Chemical Co.),
yveast RNA (Papst Laboratories, Wisconsin), repurified by the
method of Zytko et al.(1958), and bovine serum albumin fraction V
(Armour Pharmaceutical Co., England). The phosphorus content of
the standard DNA and RNA solutions were determined in triplicate
and the results compared with the results of multiple analyses by
the modified Schmidt Thannhauser procedure measuring both DNAP and
RNAP by ultra-~violet absorbancy. DNA was also measured by the
Ceriotti procedure, The results of replicate analyses are shown
in Table 2. Adequate reproducibility is reflected in the low
standard deviations of the recoveries. The Ceriotti method with
the mean recovery of 82 per cent was less satisfactory than ultra-
violet absorbancy with 100 per cent recovery for measurement of

DNA, Ultra-violet absorbancy of RNA gave an 86 per cent recovery.



Table 2

The agsessment of accuracy. Recovery experiments with comparison

of methods.,

Observed range

Method of Numbexr of Percentage
analysis analyses recovery of wecovery
(per cent)
DNA by Ceriotti 14 mean  82.0 65 %0 98
s 9.4 i
DNA by UV 18 mean 100.4 93 4o 111
absorbtiometry : SD 4.7
RNA by UV 19 ~ mean  86.4 75 o 100
absorbtiometry -~ 5D 4.5

The results of multiple analyses of a standard solution of DNA, RNA and
protein carried out to assegg the recoverlies obtainable by methods of
nuclelc acid measurement when compared with phosphorus estimetions of
the pure solutions taken ag 100 per cent, Bach zliquot contained

4.40 pg DNA phosphorus, 2.70 ug RNA phospborus and 3 mg bovine serum

albumine,
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2.14 The precision of the lymphocyte analyses

The precision of the entire procedure of cell separation and
nucleic acid analyses by ultra-violet absorbancy was examined by
comparing the lymphocyte DNAP per 106 cells, RNAP per 106 cells,
and RNAP/DNAP ratio values derived from duplicate samples of blood
obtained from five individuals and separately carried through the
stages of the analyses, Results for the gelatin method of
separation are tabulated and the values of a similar series using
silicone oil separation are included in a summarised form for
comparison (Table 3). Using gelatin to separate the cells, the
mean variation for DNAP measurements was = 6.0 per cent and for
RNAP measurements was — 8,8 per cent, When the ratio RNAD

DNAP

calculated from these results, the mean variation fell to X 3.8

was

per cent,
The values for the duplicate blood samples using silicone oil

as a method of cell separation show variation of a similar order
to the ;gelatin method, The failure of the RNAP/DNAP ratio to
have the lowest varietion in this series was brought about by one
duplicate result of RNAP/DNAP ratio having a variation of ¥ 24.0
per cent, This was an isolated resulty in general, the “

variation was within five per cent on either side of the mean for

the two results.



Table 3

Analyses of duplicate blood samples.

3A Gelatin cell separation method.

pg DNAP per 106 cells

pe RNAP per 106

Duplicate Duplicate

results Mean Variation results Mean
0.822,0.763 (0.792) +3.7% 0.227,0.184 (0.205)
0.713,0.836 (0.774) +T7.9% 0.133,0.167 (0.150)
0.879,0.705 (0.792) ¥11.0% 0.162,0.125 (0.1413)
0.740,0.911 (0.825) ¥10.4% 0.229,0.315 (0.272)
0.898,0.844 (0.871) F 3.1% 0.233,0.224 (0.228)
Average Variation = + 6.0% Average Variation

RNAP/DNAP ratio

Duplicate
results
0.,276,0.242
0,187,0.199
0.185,0.178
0.310,0,346
0.259,0.265

Mean Variation

(0.259)  +6.8%
(0.193)  +3.1%
(0.182)  ¥2.24%
(0.328)  %5.5%

(0.262)  ¥3.9%

Average Veriation = +3.89

cells
Variation

+10.7%
+11.2%
+13.3%
315.7%
*1.7%

T 8.84



Table 3 (cont'd)

3B silicone oil cell separation method.

pg DNAP per 106 cells g RNAP per 106 cells
Duplicate C s Duplicate s
results Mean Variation resulis Mean Variation
0.694,0.780 (0.737) 5 9% 0.226,0.264 (0.245) 7.8%
0.670,0.710 (0.690) 2.9% 0.180,0.163 (0.171) 5.2%
0.719,0.687 (0.703) 2.3% 0.169,0.208 (0.188) 10.0%
0.746,0.757 (0.751) 0.8% 0.298,0.295 (0.297) 0.5%
0.854,0.926 (0.890) 4.0% 0.242,0.249 (0.245) 1.24.
0.935,1.020 (0.977) 4.3% 0.265,0.295 (0.280) 5.¢3%
Average Variation = ¥3.3% Average Variation - +5.0%

RNAP/DNAP ratio

Duplicate

results Mean Variance
0.326,0.338  (0.332) 1.8%
0.269,0.229  (0.249) 8.0%
0.235,0.305  (0.270) 24,09
0.400,0.397  (0.398) 0.4%.
0.283,0.269  (0.276) 2.5%
0.284,0,290  (0.287) 1.0%
Average Variation = +6.3%

Duplicate samples of blood from normal individuals were carried
through the stages ¢f the analyses for DNA and RVA. The observed
values for the nucleic acids are tabulated for each pair of results and

shown also as percentage variation either side of the mean.
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2415 The sensitivity of the method of the chemical analyses

2.16

A series of aliquots of a lymphocyte suspension obtained from
one normal individual and containing a range of numbers of cells
from 1.43 million to 14.3 million lymphocytes were analysed. The
individual measurements of DNAP and RNAP gave linear regsults over
this range and the plot of the number of estimated cells against
their nucleic acid content passed through the origin (Figure 4).
Satisfactory results for both DNAP and RNAP measurements by ultra-—
violet absorbancy were obtained when from 3 x 106 cells to

14 x 106 cells are analysed.

Storage of isolated lymvhocytes prior to analyses

In certain exveriments, after the lymphocytes have been
geparated from blood, the isolated cells were stored prior to
analysis, The presence of active nucleases in lymphocytes
(Barnes, 1940) necessitated rigorous storage conditions for the
preservation of the cells, Satisfactory conditions were found
to be storage in 0.05 M sodium acetate, acetic acid buffer,
pH 5.2, at a temperature below -40 C; solid carbon dioxide in
a Dewar flask is a convenient method of maintaining the buffered

cells below this temperature, A correction table for the
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Table &

The effect of storage of a lymphocyte suspension at -40C in 0.05 M

acetate buffer pH 5.2, on the results of nucleic acid analysis.

o | No "1 day 5 days 27 days ]
Measurenent i storage storage storage storage
i
ug DNA phosphorus '@ 9.12 10.00 9,75 8,04
per gample " 9.49 10,05 9.28 9.10
9.50 9.80 9.00 8.06
9050 ) 9.40 8061 -~
Mean DNAP . 9.40  9.81 9.16 8.40
Percentage chaange 0 4464 -2.6 «11.7
ng RN¥A phosphorus 3.57T 3.13 ' 3a16 . 3.10
per gample : 3,42 5 3.44 3.13 3,10
i 3:34 3445 3.41 2.93 f
3435 - 3,08 O 3.73 2.94
Mean RNAP 3442 3.8 3,34 3,02
Percentage change | 0 «4,9 . C =2,3 ~11.8
RNAP/DNAP ratio 0.39 L 0,31 0,32 0.39
in sample 0.36 0.34 0.34 0.32
0.35 . 0635 0,38 0.36
0.35 0.33 0.43 -
Mean retio ©0.365 0,334 0,366 0.357
Percentage change 0 ; -8.5 L 40,2 , ~202 i

Multiple samples of human thoracic duct lymphocyteos contelning
13 x ].O6 calls were analysed in batches of four by the stendard
procedure elther immediately or after the stated pzriod of stovage st

"’4000
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possible small losses of nucleic acid which might occur in
storage at —-40 C was prepared from the results of serial
guadruplicate analyées of replicate samples of human thoracic
duct lymphocytes analysed fresh, and after storage in the buffer
for one day, five days and twenty-seven days at -40 C. Details
of the method of obtaining the cells appear in Section 4, The
results of the serial analyses of the cells appear in Table 4,
from which it can be seen that the losses in storage by this
method are negligible if a five day storage is to be used. If
the storage is longer a correction for losses of both DNA and RNA
amounting to about ten per cent at twenty-seven days would be
required,

Whole blood may be stored at room temperature for up to one
and a half hours before starting the separation without alteratio

to the value obtained for the lymphocyte RNAP/DNAP ratio,

Discugsion

The gelatin sedimentation method of separating lymphocytes
from the peripheral blood was preferrelfor se&eral reasons: The
most important of these was the impaired viability of the cells
in the alternative method. Viability is a reqguirement since

RNA is a labile polymer readily attacked by cell nucleases which

43
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are likely to be released in damaged cells, The yield of cells
by the gelatin method was adequate for chemical analyses provided
20 ml of blood was taken and the need to discerd samples because
of impaired cell purity in the gelatin preparation was overcome

by the addition of an incubation with washed cotton wool as has
been described. The silicone o0il method of cell separation was
used for an experimenial period only, and in view of its cumber-
someness as well as the impaired viability cells, it is not
recommended, In the alternative method the choice of gelatin

to be used is of interest. The critical properties of the
material are not known though it is believed that the long
gelatin molecule acceleratés rouleaux formation of the
erythrocytes, and therefore assist sedimentation, Chalmers (1967)
and Johns (1970) have some further comments on the nature of the
Process, The gelatin was of recent manufacture and similar to
that used by Coulson and Chalmers in their published method (1964).
An important detail is the period of time allowed for the fibrin
strands, and later the cotton wool, to trap polymorphonuclear
leucocytes; fifteen minutes is the time recommended for each of
these stages since prolongation of this results in poor cell
yields, The rigorous conditions for cell lysis were satisfactory
for chemical work but ooulé require modification if cell culture
was contemplated and here the work of Thomson, Bull and Robinson
(1966) on the resistance of lymphocytes to osmotic shock was

valuable in confirming the fifteen second exposure to distilled
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water as optimum for lysing red cells without destroying
leucocytes,

The specificity of the chemical method is not in doubt since
satisfactory answers have been given to the question of protein
contamination of the separated DNA and RNA fractions in the
validation of the chemical methodology. Accuracy has been
determined by measuring solutions of known nucleic acid content,
The mean recovery for the DNA asnalyses by ultra-violet
absorptiometry of 100.4 per cent needs no comment, Minor losses
during acid precipitation steps or suboptimal hydrolysis of RNA
by alkali are the most likely reasons for the incomplete (86 per
cent) recovery of‘RNﬁ but évoiding these possible losses is
difficult, Alternstive methods of analyses which rely on hot
acid extraction of the tissue without precipitation stages
(Schneider; 1945) are less satisfactory for the DNA analysis
(Butchison and Munro, 1961) and prclongation of alkali digestion
in the Schmidt Thannhauser procedure resulis in release of
protein into the RNA fractioﬁ which makes ultra-violet
absorptiometry even with protein corrections less accurate (Fleck
and Munro, 1962), Direct phosphorus determination of the RNA
fraction has been used (Davidson, Leslie and White, 1951) but
there is evidence that this fraction conteins organic phosphorus
components other than ribonucleotides. This has not been
examined in leucocytes, but in rat liver (Davidson and Smellie,

1951) and rabbit spleen (Davidson, Fraser and Hutchison, 1951)
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the non-nucleotide phosphorus represents 20 per cent and 25 per
cent respectively of the phosphorus present in the fraction,
The recovery of 86 per cent for the RNA measurements in the
present method is therefore acceptable accuracy since this
recovery is consistent,

In the experiments to measure precision, comparisons of
determinations of DNAP content, RNAP content and RNAP/DNAP ratio
in duplicete blood samples showed clearly that the ratic RNAP/
DNAP has the smallest between dﬁplicate variation and showed
adequate precision, This finding illustrates the technical
advantage of using the measurement which does not depend on cell
counting, the lymphocyte a'lfAP/DNAP ratio, It is clear from
Table 3 that an individual estimate of lymphocyte DNAP or RNAP
expressed per million cells lacks precision, Cell counting
error is the principal source of variation and since this error
is dependent on the square root of the number of cellgs counted
it could be reduced by repeated counting. In the present study,
time for cell counts was limited since it was considered
importent that the isolated cells should be treated with cold
perchloric acid as soon as possible after their removal from the
blood circulation, thereby limiting degradation of nucleic acid
particularly the more labilé RNA,  Any nucleic acid degradation
would give consistently low values for the mean cell content while
the error of cell counting tends to Be a random one,

The lower limit of sensitivity of the method has not been
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exactly determined but the method gives accurate results for the
more critical RNA measurements using 1.4 x lO6 cells, This

limit might be varieble depending on the protein content of the
specimen, so in practice the limit on the number of cells
required for reliable determination of nucleic acids has been

3.0 x 106 cells, This limit has been observed in all the results
and is well above the theoretical limit set by the standard
deviation obtained in the determination of accuracy, i.e. 4.5 per

cent of 2,7 ug RNAP corresponding to 0,5 x 106 cells,

2.18 Summary

The investigations of the methodology may be summarised as
follows:
1) The gelatin method as well as the gelatin and cotton wool
method are satisfactory techniques for the preparation of
lymphocyte suspensions from whole blood,
2) The modified Schmidt Thannhauser technique for the separation
of RNA and DNA and subsequent ultra-violet absorptiometry qf the
separated fractions using twe wavelength corrections for the
presence of protein is the method of choice for human lymphocyte
nucleic acid analyses, The method had adequate specificity,

accuracy, precision and sensitivity,
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3) In the combined technique, applying nucleic scid measurements
to lymphocytes isolated from blood, determination of cell DNA
and RNA content 1acked precision due to cell counting errors.
Precision for the measurement of the lymphocyte RNA/DNA ratio
was good, and satisfactory znalyses may be carried out provided

at least 3 x 106 cells are analysed,



SECTION 3

Lymphocyte Nucleic Acid

Measuremnents in Normal Individuals and in

the Presence of Immunological Abnormality
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3.1l Introduction and review of vast work

There are no normal values for the blood lymphocyte DNA, RNA
or RWA/DYNA ratio in the literature so the first step in the
recognition of changes in the lymphocyte nucleic acid content in
pathology is to define these normal values, Three methods of
isolating the lymphocytes have been described earlier and initial
studies compare results by these methods, When the normal range
has been established possible differences in the lymphocyte
chenistry related to age or sex will be considered, and the
variation in lymphocyte DNA, RNA and RNA/DNA ratio on repeated
analyses in an individual over a period of time investigated.

The blood lymphocyte count is a variable of possible
importance in the study of the lymphocyte nucleic acid content,
Changes in the blood lymphocyte count dependent on age, sex and
pathology are well known (Wintrobe, 19673 Cruikshank and
Alexender, l97C%,and a valuable compilation of these has
'appeared recently (Bastham, 1970). In infancy the lymphocyte
count is high relative to young adult values and gradually
declines with increasing age. The blood lymphocyte count is on
average marginally higher in females than in males, The
differences belween individuals are however much greater than
these age or sex differences and this is recognised in the

normal range for the blood lymphocyte count which is usually



reported as 1500 to 3500 cells per mm3. The relationship between
the blood lymphocyte count and the lymphocyte nucleic acid content
is not known and will be included in the investigation. Blood
lymphocyte counts were not determined in some studies,carried
out before the importance of this measurement was appreciated,
Three conditions of known immunological abnormality have been
examined in detail, namely rheumatoid arthritis, Sjggren's
syndrome and thyrotoxicosis. Blood analyses from patients with
systemic and discoid lupus erythematosus, infection and with
neoplastic disease are in sufficient number to justify listing as
three separate groups. In addition, smell numbers of patients
with a variety of conditioné have had measurements of blood
lymphocyte nucleic acids and these form a miscellaneous group.
The lymphocyte chemistry will be examined in each condition,
starting with the DNA measurement since if the DNA content of the
cell is constant, the lymphocyte RNA/DNA‘ratio is validated as an
index of the cell RUNA, The relationship between severity of the
disease and the lymphocyte results will be congidered as well as
the influence of drug tﬁerapy where this ig appropriate, In
some conditions the relationship between the lymphocyte chemistry
and the appearance of the cells on a peripheral blood film has

been investigated,
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The lymphocytes in rheumatoid arthritis,

Rheumatoid arthritis is a common disease and immunological
abnormalities are such a striking feature of the patholog& that
this condition was the first choice for the study of lymphocyte
nucleic acids in disease, Abnormalities of the antibody and the
coll mediated immunity systems are well documented in rheumatoid
arthritis, for example rheumatoid factor is present in the sera of
about 80 per cent of patients with the disease (Glynn, 1965). It
has the cheracteristics of an auto~antibody and can react with a
patient's own IgG (Hannestad, 1968), Other antibodies are found
with abnormal frequency i the sera of patients with rheumatoid
arthritis, including anti-nuclear factor (Alexander, Bremner and
Duthie, 1960) and thyroid auto-antibodies (Buchanan, Crooks,
Alexander, Koutras, Wayne and Gray, 1961). The presence of
rheumatoid factor in the serum is not restricted to patients with
rheumatoid arthritis (Anderson, Buchanan and Goudie, 1967) and the
factor is unlikely to be the cause of the lesions, Harris and
Vaughan (1961) having demonstrated that infusion of serum positive
for rheumatoid factor into healthy volunteers did not produce
disease in the recipients, although autologous rheumatoid factor
injeote& locally into a joint can sustain Jjoint inflammatia;
(Restifo, Lussier, Rawson, Rockey and Hollander, 1965). Attention
has therefore been directed to cell mediated immunity in the disease

Process,

Cell mediated effects have proved more difficult to



investigate, Skin hypersensitivity to the chemical agents 2,4-
dinitrochlorobenzene and para-nitro-sodimethyl analine is known
to be cell mediated and this rcsponse has becn tested in patients
with rheumatoid arthritis, The ability to become sensitized to
these haterials is devressed compared with normal individuals
(Epstein and Jessar, 1959), however, these authors noticed no
correlation of abnormal tests with a particular stege of the
disease, The in vitro res@onse of the blood lymphocytes from
vpatients with rheunatoid arthritis to the non-specific mitogen
phytohaemagglutinin (PHA) and to streptqusin 0 has been examined
by Leventhal, Waldorf and Talal (1967). Their results clearly
demongtrated impaired lymanGyte responses to both theée agents,
confirming that depressed lymphocyte function is a feature of the
disecase, The skin hypersensitivity reéction and the phyto-
haemagglutinin response are thought to be mediated by thymus
dependent lymphocytes (Davies, 1969) so T-lymphocyte function is
impaired in rheumatoid arthritis,. Recently it has been shown
that a greater than normal proportion of B»lymphocyteé are present
in the blood of patients with the discase (Papamichail, Brown and
Holborowr, 1971) so impaired T-lymphocyte function may be linked
with a relative or absolute deficiency of these cells, “

A relative but not necessarily an absolute lymphocytosis is
a well-recognised feature of rheumatoid arthritis and there is
unnistakable evidence of ectopic lymphocyte activity, recognisable

by the classical histology of the lesions in the rheumatoid nodule,



54

and by lymphocytic infiltration of the synovia in affected joints.
Only two references to the morphology of the blood lymphocyte in
rheumatoid arthritié have been found in the literature, thus
Zucker-Franklin (1969) recorded the presence of atypical
ljmphooytes in the blood of patients with the disease, and in an
earlier less sophisticated study Kristenson (1949) found increased
numbers of large lymphocytes in the peripheral blood of a patient
with arthritis, It may be possible to meééure the extent of
these changes by examining the lymphocyte chemistry.

The American Rheumatism Associatiop have graded rheumatoid
arthritis as probable or definite depending on the number of easily
recognisable features of tﬂe disease present in a rariicular
patient (Ropes, 1959). In an initial analysis results from
patients with probable and definite rheumatoid arthritis are
combined but later the results of the lymphocyte analyseées are
listed according to the two Americén Rheumatism Association
categories, Any relation between severity of the disease and the
1ymphocyte'abn0rmality should then be apparent, It ﬁay also be
possible to relate measurable features of the disease, e.g. the
E.5.R. or the rheumatoid factor titre to the lymphocyte RNAP/DNAP
ratio in a series of patients. Certain features of rheumatoid
arthritis are associated with a poor prognosis. Duthie, Brown,
Truelove, Barger and Lawrie (1964) have found a tendancy to
progressive disease in patients with a high rheumatoid factor titre,

and in thoge with subcutaneous nodules. A study of these points
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will be made to establish the relationship between disease activity
and the lymphocyte chemistry.

The sgteroid therapy commonly used in rheumatoid arthritis
could be a factor in influencing the cell chemistry since cortico-
steroids are known to have a lympholytic action (Dougherty and
Frank, 1953). This will require to be tested.

The demonstration of abnormality of the lymphocytes both by
chemistry and by morphology would be more convincing than either
alone., Studies will be included which meke this comperison of
lymphocyte nucleic acid content and measurements of the cells as

they appear on a stained blood film,

The lymphocytes in sicca and 3jpgren's syndrome.

The study of Sjdgren's syndrome contributes to knowledge of
lymphocyte nucleic acid content in immunologic disease since the
syndrome includes two conditions with similar frequencies of
abnormal circﬁlating antibodies and yet differing degrees of tissue
involvement.‘

Sjdgren's syndrome consists of kerato-conjunctivitis sicca
(dry eye), xerostomia (dry mouth) and rheumatoid arthritis ;r other
connective tissﬁe diseases, The first two,'when present by them-
selves, constitutes the sicca syndrome (Block, Buchanan, Wohl and

Bunim, 1965). About half of the patients with Sjgégren's syndrome
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have rheumatoid arthritis as the associated disorder, These
individuals frequently have multiple antibodies in their serum
and there are widespread chronic inflammatory changes with
lymphocyte infiltration in a voriety of tissues, In sicca
syndrome multiple antibodies are present, perhaps in greater
frequency than in the complete Sjogren's syndrome, ard although
chronic inflammatory changés may be present in a variety of
tissues, notably the lacrimal and salivary glands, there is no
connective tissue disease,

In parallel with their studies on rheumatoid artbritis,
Leventhal, Waldorf and Talal (1967) have produced evidence of
functional sbnormalities of lymphocytes.in 3jogren's syndrome,
They found in a significant number of ﬁatients with Sjogren's
syndrome'that.the 1ymphocy%es failed to produce a normal in vitro
transformation response to the mitogens, phytohaemagglutinin and
streptolysin O, There was a similar fréquency of abnormalities
in the response of patients to the contact allergen 2,4-dinitro--
chlorobenzene, failure to become sensitised to the chemical is
evidence of an impaired delayed hypersensitivity response, The
patients with the combination kerato-conjunctivitis, xerostomia
and rheumatoid arthritis, i.e. the full Sjdgren's syndrome, showed
a greater proportion of abnormal responses than the group with
sicca syndrome alone, In Sjogren's syndfome a leucopenia with a
relative increase in a proportion of lymphocytes has been reported

(Bloch et al, 1965) but otherwige information on the nature of the
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blood lymphocytes in the disease is lacking. In the nucleic acid
measurements on the blood lymphocytes which follow, answers are
sought for two questions, firstly, is there biochemical evidence
that the lymphocytes are abnormal in the sicca syndrome or in
Bjogren's syndrome, and secondly, is there a difference in degree
of abnormality between sicca syndrome and the complete Sjogren's

syndrome.

The lymphocytes in thyrotoxicosis.

A general discussion of the aetiology of thyrotoxicozis would
be out of place in this introduction, but it is clear from a
recent review (Haverd, 1969) that immunological factors or, more
precisely, the circulating immunoglobulin 'long acting thyroid
stimulator' (LATS) is involved in the over-stimulation of the
thyroid gland in most patients with thyrotoxicosis. Excepted
from this are the rare occasions when an autonomous toxic adenoma
is present, The existence of LATS became apparent when Adams and
Purves (1956) observed that material in the blood of thyrotoxic
patients which war thyroid stimulating was not pituiltary thyroid
stimulating hormone. This was a protein material later identificd
as an immunoglobulin (Kriss, Pleshakov and Chien, 19643
Dorrington and Munro, 1965), and is of the class IgG. Depending

on the assay technique used and whether sera are concentrated
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before analysis, LATS can be demonstrated in up to 80 per cent of
patients with thyrotoxicosis (Carneiro, Dorrington and Munro,
1966).  When sera are analysed without prior concentration the
LATS agsay is pogitive in about 30 per cent of patients (Sellers,
Awad and Schonbaum, 197Q). The mos%fconﬁincing evidence that LATS
can produce thyrotoxicosis is derived from the study of thyro-
toxicosis in pregnancy. Mothers who have a high titre for LATS
pass the immunoglobulin via the placenta to the foetus and thyro-
toxicosis is produced in the infant, a condition which resolves
as the LATS activity disappears (McKenzie, 1964).  Attempts to
produce LATS experimentally by injecting thyroid antigens into
animals have been only par%ially successful (Burkc, 1968) but
natural auto-antibodies do occur frequently in the sera of :
patients with thyrotokicosis; as many as 85 per cent of patients
showing abnormalities (Anderson, Buchanan and Goudie, 1967).
There is sufficient evidence therefore to regardlthyrotoxicosis
as an auvto-immune disease although an unusual one since the
affected organ is stimulated rather than depressed.

The presence of an abnormality in cell ﬁediated immunity in
thyrotoxicosis is less well established. A variable degree of
thyroiditis with infiltration of lymphocytes into the gland tissue
is a feature of the pathology of thyrotoxicosis (Buchanan,
Alexander, Crooks., XKoutras, Weyne, Anderson and Goudie, 1961), and
lymphocytes have been observed invading the thyroid vesicles in

the disease (Irvine and Muir, 1963), Patients with thyrotoxicosis
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may show a relative lymphocytosis in the peripheral blood
(Williams, 1965). A single author, Hernmberg (1954), has
published data on the nature of the lymphocytes in thyrotoxicosis,
Hernberg measured the size of the lymphocytes in fixed and
stained blood films, and found that the mean lymphocyte

diameter was at the upper iimit of normal or above ncrmal in
thyrotoxicosis, and returned to normal when the patients were
euthyroid after par%ial thyroidectomy., Despite this finding,

De Groot and Jaksina failed to show a gignificant functicnal
abnormality in thyrotoxic lymphocytes in the courses of studies

of the phytohaemagglutinin response of these cells. The near
normality of the phytohaemaéglutinin response and the absence of
massive infiltration of lymphocytes in the tissues suggests that
the immunological abnormality of thyrotoxicosis may be slight and
related to activity of B-lymphocytes, cells of the antibody
producing line., Measurements of lymphocyte RNAP/DNAP ratio
would not of course specifically identify this abnormality but

the chemical determinations mey confirm Hernberg's data,
Furthermore, it is now possible to compare lymphocyte from blood
positive in the LATS bio-assay with blood negative in the LATS
assay., Carneiro et al, (1966) have shown a correlation between
the iodine turnover per unit weight of the gland and the LATS
activity, and although the severity of thyrotoxicosis is difficult
to measure it is possible to test for a correlation between the
i3t uptake of the gland and chemical abnormalities of the

lymphocytes.,



The lymphocytes in systemic lupus erythemzatosus,

Changes in the lymphocytes are not a striking feature of the
pathology of systemic lupus erythematosus although there is often
a leucopenia and lymphopenia. The important histological features
are widespread fibrinoid degeneration and necrosis in the walls
of small blood vessels associated with areas of coilagenous
fibrosis and hyalinization, A perivascular cellular infiltrate,
mainly of 1yhphocytes, is also seen, The tissues which may be
involved include skin, myocardium, pericardium and endocardium,
kidney and spleen, When there is clinical evidence of skin
involvement alone the 16516n is referred to as discoid lupus
erythematosus,

A variety of antibodies are found in the sera of patients with
the disease; +the list includes antibodies to nucleohistone complex,
DNA, histone and other nuclear and nucleolar proteins., Antibodies
to cytoplasmic constituents may also be present (Anderson, 1963),
Some understanding of the immunopathology of the vascular lesions
in systemic lupus erythematosus has come from study of the
analogous spontaneous disease in hybrid mice, the offspring of the
crosé between NZB and NZW strains, It has been shown in these
animels (Lambert and Dixon, 1969) that there is a close relation-
ship in time between the appearance of antinuclear antibodies and

the development of kidney damage. It is probable that the kidney



lesions result from glomerular localisation of antigen-antibody
complexes (Seegel, Accinni, Andres, Christian, Brlanger and Hsu,
1969). Antigeﬁaantibody complexes are thought to be important in
the human disease and cell medisted reactions less so, However,
the present views on the importance of thymic dependent lymphocytes
in control of the antibody as well as cell mediated response make
investigation of the blood lymphocytes in lupus erythematosus of
interest, The number of patients in the present study is small
and includes pgtients with discoid as well as systemic lupus
erythemztosus (Haserick, 1965). Within this limitation,
measurement of the DNA and RNA content of the blood lymphocytes

should give an indication of abnormality in these c=1lu,

The lymphocytes in infection,

Hyperbasophilic medium gized lymphocytes, plasma cells and
primative lymphoid cells apvear in the blood after immunisation
and infection and, from the evidence outlined in the introduction,
it is 1likely that these are derived from lymphoid tissue in
response to immune stimuli, Detailed investigation of the
response to immunisation in man hés been studied by two groﬁps,
Pariser, Zucker and Meyer (1952) and Crowther, Pairley and Sewell,
(1969). The earlier study was of the secondary response to
diptheria toxoid while both primery and secondary responses were

examined by Crowther and his group, From these studies 1t is
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clear that following both primary and secondary immunisation
large lymphoid cells appear in the peripheral blood with the
maximum response on<the fourth to sixth day following
immunisation, Although there is considerable individual
variation in the response, in no case were there more than six.
per cent of atypical lymphoid cells present in the‘peripheral
blood,

Lesiewska (1967) has investigated the blood lymphocytes
following bacterial and viral infection and shown that only minoxr
changes in the proportion of large basophilic lymphocytes take
place following bacterial infection in children. Much more
marked changes occurred foliowing virus infection. I a study
of chicken-pox and measles the absolute number and percentage of
large lymphoid cells increased more than two-fold, Lesiewska
confirmed this data with histochemical determinations of
lymphocyte RNA content, The virus—induced changes in the
lymphocytes may well be produced by blastoid transformation as
has been demonstrated in leucocytes from patients with a previous
history of infectious mononucleosis, exposed in culture to EB
virus (Diehl, Henle, Henle and Kohn, 1968).

A group of patients with bacterial and viral infections are
included in the present study to assess the degree of change which
might occur in the lymphocyte RNA and DNA content during an
infection, allowing that only a proportion of the samples wvere

teken at the optimum time of four to six days after exposure to
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the viral or bacterial antigens,

The lymphocytes in neoplastic disease.

In a review of immunological factors affecting tumour growth,
Klein (1970) maintains that the immune response agaeinst tumours
resembles a'homograft reaction and that cellular immunity plays
the major part in this response, FPailure of the mechanisms of
imnmunological surveillance have been proposed as important in the
proliferation of neoplastic cells (Keast, 1970). There is
undoubtedly an association between immunclogical disorders and
cancers of the reticulo-endothelial system, but this need not be
cause and effect, and the concept of impaired immunological
surveillance and the development of cancer in man remains as a
hypothesis at present (Doll and Kinlin, 1970).

There are functional abnormalities of cellular immunity in
the presence of established neoplasm, The tuberculin response
shows a marked depression in cancer patients (Hughes and Mackay,
1965). The in vitro phytohaemagglutinin response of blood
lymphocytes from patients with carcinoma is impaired (Iwao, 1968)
and this impairment is attributable to abnormalities of thg cells,
not the plasma (Golob, Israsena, Quatrale and Becker, 1969).

A gtudy of the morphology of the blood lymphocytes in & series

of patients with breast cancinoma was made by Smetana, Janele and
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Malinsky (1966), They recorded the average number of nucleoli per
lymphocyte nuclcus and made the interesting observation that the
number of cells with multiple nucleoli is increased in malignancy.
Since the nucleoli are éoncerned with RNA bio-synthesis, chemical
measurcments of DNA and particularly RUA content may show changes
from normal in the presence of neoplasnm, Lymphopenia is a

feature of established malignancy and is recorded in the two

papers cited (Iwao, 1968, and Smetana et al, 1966),

The lymphocyte in a miscellany of conditions.

A detailed study of the lymphocyte chemistry in a wide range
of conditions is beyond the scope of this thesis but inclusion of
results from small numbers of patients with a variety of
conditions does broaden the knowledge of the lymphocyte in
disease processes. The conditions represented in the miscellaneous
group show a spectrum of involvement of the immunity system in the
disease process.

The conditions with a recognisable abnormality of immunity
will be considered first. Macroglobulinaemia 1s a disease
characterised by a proliferation of lymphoid cells usuallyﬂ
recognisable by lymphadenopathy, splenomegaly and infiliration of
the bone marrow by atypical lymphoid cells, 1The serum shows an

excessive quantity of an immunoglobulin of the class IgM.
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Atypical lymphocytes are recognised in the peripheral blood and it
appears that these plasmacytoid lymphocytes are the source of the
excessive immunoglobulin (Zucker»Franklin,-Franklin and Cooper,
1962),

Neoplastic overproliferation of plasma cells may cccur in the
bone marrow and elsewhere in the distinct condition of myelomatosis,
A patient with light~chain myeloma is included in this study and
here the plasme cells are producing excessively the shorter so
called light amino-~acid chains of an immunoglobulin, Abnormal
cells in the peripheral Dblood are not usually a feature of this
disease, The presence of non caseating granulomatae in a variety
of tissues is the principal.feature of sarcoidosis, It is
considered to be a disease of hypersensitivity (Epstein, 1967) and
it 1s recognised that there is a deficiency of some forms of
delayed hypersensitivity reactions (Good, Kelly, Rotstein and Varco,
1962) while the lymphocyte response 1o phytohaemagglutinin is also
impaired (Topilsky, Siltzbach, Williams and Glade, 1972).
Functional abnormality of the blood lymphocyte in sarcoidosis is
therefore established.

In other conditions represented in the miscellaneous section
the presence of a cellular immune abnormelity is less certain,
Crohn's disease may affect any level of the gastro-intestinal
tract from stomach to colon, but most commonly involves the
terminal ileum, The diseased areas show ulecration and

destruction of the mucosa, marked submucosal fibrosis with chronic
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inflammation and infiltration with neutrophils, lymphocytes,
histiocyles and plasma cells. Aggregation of lymphocytes into
follicles may occur in subserosal and submucosal zones and these
areas may show sarcoid~like granulomas (Robbins, 1967). The
presence of aggregétes of lymphocytes has suggested that an
immunological reaction is & feature of the disease, Lowever thnere
is no consistent change in the levels of serum immunoglobulins,
and tests for organ specific cellular hypersensitivity to
intestinal mucosal components by the leucocyte migration test
proved negative (Weeke and Bendixen; 1969). |

| Brobergér and Perlman (1959) heve pointed out features of the
immunopathology of ulcerati&e éolitis. Anti-colonic antibodies
are found in the sera-of a proportion of patients with established
disease, and more recently it has been shown that some patients
with the disease have elevated levels of serum IgG, furthermore
leococytes from the majority of patients'show sensitization to
pooled foetal colonic or jejunoileal mucosal antigens in the
leucocyte migration test (Weeke and Bendixen, 1969).

These abnormalities of both cellular and antibedy immunity may
be reflected in changes in the blood lymphocytes alth6ugh they ﬁay
Just as readily be secondary features of the disease as of primary
importance in the pathogenesis.

Although pemphigus and pemphigoid are regarded as auto-
immune diseases it is the presence of circulating antibodies to

intercellular materisl in pemphigus and to the basement zone of
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skin in pemphigoid which are important, The primary lesions can
occur without local infiliration with chronic inflammatory cells
so the typical changes associated with a cell bound immune
reaction are absent (Beutner, Jordon and Chorzelski, 1968).

There has been considerable speculation on the cause of
Whipple's disease since the original description in 1907 (Whipple,
1907). Recently Maxwell, Ferguson, ilcKay, Irvine and Watson dvew
attention to the sparcity of the lymphocyte and plasma cell response
in the gut lesions and showed a functional impairment of the
lymphocyte responses to phytohaemagglutinin in patients with this
disease, Colonic histiocytosis, although affecting a more distal
part of the gut, is histoloéically similar to Whipple's disease
and both these conditions have been included in the study of
patients from the miscellaneous group as conditions with possible
abnormality of immunity.

The conditiohs which are unlikely to be associated with an
abnormality of immunity include patients with salicylate over-
dosage, acne, osteoporosis and nutritional osteomalacia,

Three patients with leucaemia have been studied and their
results included in the miscellaneous group. Yeasurements of the
lymphocyte DNA and RNA content in leucaemia have been reported by
Rigas et al, (1956), and the opportunity is taken to compare the
findings in a limited series here with nucleic acid measurements

reported in the literature,
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MATERTALS AND METHODS

3.2 Clinical material

Normal individuals.

Three groups of normal individuals were studied in initial
measuremnents to investigate possible effects of the cell isolation

technigue on the normal range.

Normal group 1.

There were seven individuals in this group, all hospital staff, -
five were males, Their mean age was twenty-seven years with a
range of f&om twenty-fwo years to thirty-one yesrs, Fifteen
analyses using the silicone oil method of cell separation were

cerried out on this group.

Normal group 2,

The gelatin method of cell separation was used for the
separation of lymphocytes from blood in a study of the thirty-nine
normal individuals in group 2. All but three were hospital staff.
Their mean age was thirty-five years with a range of from eighteen
years to seventy--geven yearsy nineteen of the group were males,

Some details of these individuals are listed in Appendix 1. Six
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individuals were members of both group 1 and group 2.

Normal group 3.

Eleven males and nine females, all but one hospital staff,
made up this group.: Their mean age was thiriy years with a range
of from eighteen years to sixty-three yeers, Only one individual
was common.to another of the normﬁl groups. Details of the

individuals in group 3 appear in Appendix 2.

Rheumatoid arthritis.

Thirty-five patients with rheumatoid arthritis were studied,
Twenty-four had definite rﬁeumatoid arthritis by the American
Rheumatism Association criteria (Ropes, 1959); twenty-one of this
group were female, and their mean age was fifty-five years with a
range of from twenty-five years to seventy-eight yeors, The
remaining eleven patients, eleven of whom were female, ha@ probable
rheumatoid arthritis. Their mean age was forty-seven years with
a range of from twenty-five years to seventy years, Details of

the patients are listed in Apvendix 3.



Sicca syndrome and Sjdgren's syndrome,

Two groups of patients were studied, patients with the sicca
syndrome and a second group with Sjggren's syndrome,

The diagnostic criteria for the sicca syndrome were the
presence of kerato-conjunctivitis sicca and xerostomia as recognised
by dry mouth and an abnormal sialogram, All eight of the patients
were females and the average age was sixty-four years with the
range from fifty-five years to seventy-six years. Bight patients
with Sjégren's syndrome had the features of the sicca syndrome with,
in addition,definite rheumatoid arthritis by the American
Rheumatism Association criteria (Ropes, 1959). One of the eight
patients was male and the age range for the group was fifty-—one
yezrs to seventy-eight years with an average age of sixty-six
yeors, .

Details of the patients with sicca syndrome and Sjggren's

syndrome are listed in Appendix 4.

Thyrotoxicosis,

Thirty-four patients with thyrotoxicosis, initially untreated,
were the subjects of a study. There were thirty women and four
men with an age range of from twenty-two years to sevenly years
and a mean age oflfortynnine years, The clinical thyrotoxicosis

wag confirmed by radio-iodine uptake studies, serum protein bound
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iodine determinations and serum tri-iodothyronine resin sponge
tests, The results of a selection of these meiasurements are
included in Appendix 5,

The initial studies of untreated thyrotoxicosis were followed
by lymphocyte nucleic acid determination on patients euthyroid as
a result of treatment. Ten patients received Carbimazole and the
lymphocyte RNA and DNA measurements were carried out after control
off the thyrotoxicosis and while a maintenance dose of 1% mg or
20 mg of Carbimazole was continued., This was an average of four
months (range two to six months) after starting drugs. Twenty-
one patients were treated with radioactive iodine and the nucleic
acid measurements werc caxfied out on the lymphocytes after control
of the thyrotoxicosis, again four months (range two to six months)
from the date of the dose. Of the remaining five patients, three
patients had a partial thyroidectomy and two patients did not

return,

Lupus erythematosus.,

Bight patients with lupus erythematosus bomprised the first of
the minor studies, All but one were females. The age rénge was
eighteen years to sixty-five years, Details of these patients,
including the degree of systemic involvement according to Haserick's

clugsification (1964), hove been recorded. A single patient had
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skin manifestations only (group 1). Tour patients (Haserick
group 2) showed evidence of ILE cells in the blood as well as skin
lesions and three potients had unequivocal systemic disease (group

3), Details of these patients are listed in Appendix 6.

Infection,

Light patients with bacterial infection and two patients with
viral infection were the subjects of a study. 3ix of the group
were males, The age range of the group was seventeen years to
gsixty-~three years with a mean age of thirty-one years. Details
of the individual patients and the nature and duretion of their

infectiong are drawn up in Appendix 7.

Neoplasm,

Six patients with histologically confirmed malignant neoplasms
were studied, all were females. Their age range was Tifty—eight
years to seventy-five years, Details of these patients are
listed in Appendix 8. Four had invasive spread with metastases

and two had local neoplasm only.
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Miscellaneous.

This group comprised twenty~two patients and fifteen different
conditions are represented. No advantage is to be gained from
cnalysing these patients as a group and their individual data

appear in Appendix 9.

Methods

Three different methodg of isplation of lymphocytes from blood,
the gelatin method (Section 2.2), the gelatin and cotton wool
method (Section 2.3), and the silicone oil method (Section 2.4),
have been ﬁsed in lymphbcytes from normal individuals, In the
patients with rheumatoid arthritis, Sjogren's syndrome, lupus
erythematosus and infection, the gelatin method was used, For all
the remaining patient groups the gelatin and cotton wool technique
was used,

Chemical analysis of the lymphocytes in all the studies of

nucleic acid content was by the method described in Section 2.8

Special techniques,

Certain specialised methods have been referred to and results
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recorded in succeeding sections, These techniques were not all
part of the work of the thesis but contribute information to it.
References for these methods are included here - Erythrocyte
sedimentation rate was measured by the method of Westergrens
rheumatoid factor measurements followed the sensitised sheep red
cell agglutination technique of Ziff, Brown, Lospalluto, Baden and
McEwan (1956); bioassay for long acting thyroid stimulator (LATS),
the technique used was that of Kriss, Pleshakov and Chieﬁ (1964).
The LATS activity was meosured using 0.5 ml of test serum injected
intraperitoneally into whilte male Swiss mice whose thyroid iodine
was labelled with I131. The thyroid sfimulation was monitored by
measuring the increase in blood radio—activity at twenty-four hourss
the net increase in blood radio-activity is expressed as counts per
minute per 0,1 ml of blood and the results are recorded as
percentage increase. A blood radio-activity of 150 ner cent of
that before administration of serum was taken as a LATS positive

response, These measurements were carried out by Dr. J.FF.B. Smith,
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RESULTS

3.4 The normal range for lymphocyte DNA vhosphorus and BNA phosphorus

content and the ratio RNAP/DNAP, and the effect of differing

cell separation technigues

The results for the analyses of the lymphocyte nucleic acid
content in normal individuals by three methods of cell separation
are sét out in Table 5 which shows DNAP per 106 cells, RNAP per 106
cells, and the RNAP/DNAP ratio for each of the methods, giving the
mean result, the standard deviation and the observed range in each
case, The method for chemical measurement of the isolated cells
was the same throughout. There were differencses in variance
between the methods as shown in Table 5A. The most important of
these for future work is the observation that the gelatin and
cotton wool method has a significantly lower variance than either
of the other two methods. Where a significant difference in
variance was found the d-test wés used in the comparison of mean
values (see Section 2.9). Analyses of ithe results by Student's
t-test and where appropriate, the d-test, appear in Table 5B,

The only significant difference found in the mean value fof'normal
individuals between methods was in the comparison of the RNAP/DNAP
ratio for the gelatin method and the gelatin pius cotton wool

method, The mean for the latter method was significantly lower



Table 5

e s Y

Lymphocyte nucleic acid analyses in normal individualss three cell

separation techniques compared,

VU R S Ce e - -

Method of
lymphocyte
sepuration

| - Ce e e e C e

pg DNA ghosphorus ng RNA phosphorus
per 107 cellps per 10~ cells

RNAF/DHAP ratio

Range 0.66 to 0.92 Range 0.16 %0 0.30 Range 0,18 to 0.40

Siii;°n9 Mean 0.752 Mean 0.223 Mean 0,299

SD 0.085% SD 0.048 SD 0.064

Range 0.55 to 1.15 Range 0,12 to 0.36 Range 0.16 to 0.37
relatin Mean 0.744 . Mean 0.203 Mean 0.274

3D 0.142 SD 0,061 SD 0.055
Gelatin Range 0.59 to 1.Cl Range 0.16 10 0.29 Range 0.21 to 0.3%
plus .
cotton wool Mean 0.732 Mean  0.215 | Mean 0,295

SD 0,114 SD 0.041 SD 0.036

Range 0.55 to 1.15 Range 0.12 to 0.36 Range 0.16 to 0.40
Mean 0.742 Mean 0.210 Mean 0.284
SpP 0.124 SD  0.054 SO 0.055

A1l methods
combined

The nucleic acid analyses were obtained trom ritteen estimations trom
saven individuals (silicone o1l mé%hod), thirty-nine estimations from
thirty-nine individuals {(gelatin method), twenty estimations from twenty
individuals (gelatin plus cotton wool) and the combined results seventy-

Tour estamations rrom sixty individuals,



Table 5A

Analysis of the variance of the results in Table 5 by the

I~test.

Degrees

Comparison of I  Probability

freedom

Silicone 0il v gelatin method 14 + 38

DNAP - 2.79
RNAP 1.62
RNAP/DNAP ratio 1.35
Silicone oil v gelatin and

cotton wool method 14 + 19
DNAP | - 1.80
RNAP | : 1,37
RNAP/DNAP ratio 3,17
Gelatin v gelatin and cotton |
wool method 38+ 19 { i
DNAP ﬁ 1.55,
RNAP ; 2,21
RNAP/DNAP ratio | 2.34

Mean values are compared in Table 5B overleaf,

<0.01
N.S.
N.S.

NeSe
N.S [
<0.,05

N.S.
<0.,05
<. 0.05



Table 5B

Statistical analysis of mean valueg in Table 5.

Where variance between the groups is significant, Welsh's test

for 'd' has been used to calculate the probability.

——

! Compa rison i t d
Silicone oil v gelatin method . E
DNAP 0,19 0.25,0.5
RNAP/DNAP ratio 1.47 -
Silicone oil v gelatin an& ;
cotton wool method : '
DNAP 0,97 -
RNAP | 0.57 -
RNAP/DNAP ratio 0.25 0.22,0.8
Gelatin v gelatin and cottonf
wool method :
DNAP 0.33 -
RNAP 0,78 0.54,0.5
RNAP/DNAP ratio 1.55 1.84,0.5

¥

Degreeg of freedom as for Table HA.

lProbability

N.S.
<003 70.2
<00270.1

< 0.4 0.3
< 0.6 >0.5
NOS.

<008->007
N.S.
< 0.05
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at the five per cent level.

Since the cell separation technigue showed only a minor effect
on the results of the lymphocyte analyses the results for the three
methods of cell sepération in normal individuals were combined,

The range of normzl for an analysis, usually calculated as two
standard deviations either side of the mean wvalue, applies when the
distribution of results about the mean is of the gaussian type.

The distribution of the present results was therefore examined,

The values obtained in seventy-four determinations from sixty
normal individuals are shown in frequenqj histogram form in

Figure 5 .

DNA phosphorus per 106 cells,

The class interval for the histogram was 0,03 ug DNAP per 106
cells, The distribution is skewed with‘a tail on the side of
high levels of DNA phosphorus. The mode is at 0,69 pg to 0.71 yig
DNAP per 106 cells, The coefficient of skevness (Snedecor and
Cochrane, 1967) wés +1.,29 indicating positive skew with a 'p' value

of less than 0.01.

RNA phosphorus per 106 cells,

The class interval here was 0,02 o RNAP per 106 cells. The
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The digtribution ot the resuits of nucleic acid analyses from

normal lymphocytes.

Frequency
15

10

5

0 6
0-50 0-60 0-70 0-80 0-90 1-00 1-10 MO DNAP per 1¢° cells

~ 06
010 015 0-20 0-25 0-30 0-35 jg BNAP per 10° cells

0-15 0-20 0-25 0-30 035 0-s0 RNAP/DNAP ratio

The three histograms show the i'requency with which the various
levels ot DNA phosphorus, RNA phosphorus and the calculated RNAP/DNAP

ratio were found in seventy estimations of the Lymphocyte nucleic acids

in sixty normal individualsg.
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distribution shows a skew similar to that observed for the DNA
analyses with a bias towards the higher levels of RNAP content,
The coefficient of skewness was +1.00 showing positive skew with a

'p! value of less than 0,01,

-

i

The ratio RNAP/DNAP,

The class interval for the ratio is 0,02, The distribution
of results does not show skew (the‘coefficient of skew was zero) and
there is no significant kurtosis, i.e, flatness or peaked deviation
from the normal distribution (Snedecor and Cochrane, 1967). The
mode is not well defined around 0,24 to 0,25 for these results but

by the available tests these results are normally distributed.

Since the analyses of both DNA phosvhorus and RNA phosphorus
content of the lymphocytes in the sixty mormal individuals show a
significant skew towards positive values the normal range for these
measurements is best defined as the observed range. For DNA
vhosphorus the range was 0.55 pg to 1.15 ng DNAP per 106 cells with
a mean value of 0.742 pg DNAP per lO6 cells, The normal r;nge for
RNA content was 0,12 pg to 6.36 pg RNAP per 106 cells with a mesn
value of 0.210 ug RNAP per 106 cells, The normal distribution of

the values for the ratio RNAP/DNAP permits the use of a normal range

calculated as two standard deviations on either side of the mean,



345

78

The mean value was 0,284 and the normal range therefore 0.174 to
0,394,

The majority of the measurements which follow were carried
out by the more satisfactory gelatin and cotton wool method.
This method has a lower coefficient of variation for the RNAP/DNAP
ratico than the other two methods, i.e. 12 per cent as against
21 per cent and 20 per cent, The normal range for the gelatin

and cotton wool method is re-stated with values rounded off for

convenience,
DNAP 0.60 - 1.00 ug DNAP per 106 cells
RHAP 0,16 - 0,30 pe RNAP per 106 cells
RNAP/DIAP oy
ratio 0.22 —- 0.37

The demonstration that sex of the donor has no effect on the

results of lymphocyte nucleic acid analyses

The results for the comparison of the lymphocyte analyses
from thirty--one normal male and twenty-nine normal female
individuals are shown in Table 6. These were again the resultsof
the combined normal group first referred to in Section 3.4..

There were no significant differences between males and females
in the observed values for DNA phogphorus content, RNA phosphorus
content or the RNAP/DNAP ratio of the lymphocytes when analysed by

the t-test,



¢omparison of lymphocyte analyses in males and temales.

pg DNAP per 106 pg RNAP per 106 RNAP/DNAP

lymphocytes lymphocytes
Mean 0.737 Mean 0.204 Mean 0.280
Male SD  0.095 SD 0,050  SD  0.065
X o
Pemale Mean 0.738 Mean 0,209 Mean 0,286
sD ’0.125 SD 0,058 8D 0.051

Comparison oI the resultg oif Llymphocyie analyses irom thirty-one ..
normal males ana twenty-nine normal females, There were a total ot

geventy—~tour analyses,; forty tfrom the males.

Statistical analysis by t-test

, _
i - Dlegrees ! :
‘ vomparison - of t ! Probabality
freedom %
- .- : [
DNAP Males v Females T2 0.04 | >0.9
RNAP Males v lemales i T2 0.38 < 0.9 >0.8
RNAP/DNAP Males v Females 72 0.46 < 0.8 70,7

: -
H -

There are no signiticant sex differences in the nucleic acid analyses,
glther by mean value or variance, The values of F for the comparisons of

variance in DNAP,RNAP and RNAP/DNAP are 1.73, 1.34 and 1.62 respectively.
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3.6 The effect of circadian rhythm on the results of the analyses

The possible effect of circadian rhythm on the results has
not been studied but it can be discounted in the study of blood
lymphocytes which follow, since all the blood samples were taken in
the period 0830 hours to 1130 hours. The study of human thoracic
duct lymphocytes reported in Section 4 was the only study in which

samples were taken at other times throughout the day,

3.7 The effect of the age of the individual on the lymphocyte nucleic

acid analyses

When the results from the sixty normal individuals were
analysed by age in decades, no age effect on the DNA analyses
could be detected, The advantages in precision of using RNAP/
DNAP ratio as a measure of the RNAP content of the cell has been
established so the RNAP/DNAP ratios of the lymphocytes in normal
individuals have been tabulated according to the age of the donor,
These RNA/DNA results appear in Table 7. The data is insufficient
to make a complete assessment of the effect of age on the results,
Although a significant difference has been shown between the mean

results for age group thirty to thirty-nine, and the mean result

for age group twenty to twenty-nine (p = ~0.05 by Student's t-



Table 1

Age group and

Age of grodp | Less than

in years 20
Numbexr in group f 4 4%

‘Mean RVAP/DNAP of 'é
lymphocytes 0.29 0.230
Standard deviation 0.028 0,054

of the RNAP/DNAP

!

§
)

i

the lymphocyte KNAP/DNAP ratio.

10
0,323

0.044

4

0.283

0.010

20 to 29 30 to 39 40 to 49

|
|

1
!
¢
!
i
1
]
H
r
|
+

60
50 to 59 or over

8 3
0.259  0.270

0.058 0.034

The results of T0 estimations of the lymphocyte RNﬁP/bNAP in

60 normal individuals zre grouped by age in decades.

Analyses by t~test shows ditterences at the 5% level of significance

between the mean values for age group 30 to 39 and both the 20 to 29

group and the 50 to 59 age group.

respectively.

The % values were 2,13 and 2,71

However, since 15 intercomparisons have been made it is

not egtablished that a real difference exists between the age grouvs.
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test) and a similar statistically significant difference is present
between age group thirty to thirty-nine and age group fifty to
fifty-nine, i,e. the mean RNAP/DNAP ratio of the lymphocytes
appears to be slightly higher for individuals‘in their fourth
decade than at other periods, these findings must be interpreted
with caution, There is unlikely to have been a methodological
iﬁfluence on the finding since six of the results for the age
group thirty to thirty-nine were obtained by the standard gelatin
method, and four by the cotton wool modification, A more
important point is that fifteen intercomparisons have been made,
two of which showed a significant difference with a probability
of one in twenty. The dafa are therefore insufficient efidence
of a real difference in lymphocyte RNAP/ﬁNAP ratio between age

groups.

The variation in the lymphocyte nucleic acid content in two

individuals studied serially

The peripheral blood lymphocytes were analysed over a periocd
of one year in one individual, a male of twenty-nine years, using
the.gelatin cell seperation method, The serial analyses are
presented in Figure 6, During this period, measurement of the

DNAP content of the lymphocytes varied from 1.05 pg to 0.62 Qg per



Serial determinations of lymphocyte nucleic acids in one individual.

st i, . AR et

LYMPHOCYTE RNA AND DNA IN ONE INDIVIDUAL

mg Phosphorus
per million cells

; o

i
R .8_
7 €1 <
.64
DNA
-4
24 /
| RNA
. 0
34 ,|l-.|--..._.__...|..__
.I' - -l--,-_.,-'"‘.-n-"
5 RNAP
! DNAP
I T T T i T 1
0 2 4 6 8 10 12 14

Time in Months

Serial anslyses ot DNA phosphorus per 106 cells, RNA phosphorus
per 10° cells and theRNAP/DNAP ratio of the blood lymphocytes are

plotted for one individual, and measured at intervals over one year.

Average normsal values and the normal range are indicated.
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lO6 cells, and the RNAP content per 106 cells from 0.27 to 0,13 ug.
The variation in the DNAP and RNAP tended to be coincidental while
the calculated ratio REAP/DNAP of the lymphocytes showed less
variation (0,20 to 0,30) than the individual RNAP and DNAP values,
particularly when the estimations were repeated after an interval
of a few days, In a second individuval, a female aged twenty-three
years, the lymphocytes were analysed five times over a period of
nine months., Again the RWAP/DNAP ratio of the blood lymphocytes
showed a lower variability than either the DIA phosphorus or the
RNA phosphorus results. The observed range of the RNAP/DNAP ratio

was from 0,21 to 0.33 in the nine month period.

The blood lymphocyte nucleic acid content in rheumatoid arthritis

DNA analyses.

The results of the blood lymphocyte DNA analyses are:summarised
in Table 8 which shows normal values for comparison, The mean
DNAP conteﬁt of the lymphocytes in rheumatoid arthritis is 0.736‘pg
DNAP per loécells. There is a high probability that the small
difference between this result and that found in the normal group,
0.744 pg DNAP per 306 cells, is a chance finding (p = > 0.7).

There is no signiiicant difference in variance between the two

gToupPs,



Table 8

The nucleic acid content of the Llymphocytes in rheumatoird arthritis.

t |
{

rou Number ot DNAP RNAP HNAP/DNAP
p analyses pg per 10" cells pg per 10 cells ratio
i
Rheumatoid Mean 0.736 Mean 0,294 Mean 0.346
Arthritis 35 SD  0.133 SD 0,069 SD 0.062
Mean 0.744 Mean 0,203 Mean C.274
Normal 39

S 0.142 SD  0.061

SD 0.055

The comparison of the Lymphocyite nucleic acid determinations in
patients with Theumatoid arthritis and the results in normal individuals

by the game method.

Statistical analysis by t-test

. . , . —

Degrees of

Comparison freedomn t | Probability
Rheumatoid Arthriitis DNAP . 72 0.26 < 0.8 0.7
. _
v RNAP 12 3.45 22 0, 0150,001
¥
Normal RNAP/DNAP T2 5.41 20,001

*Phese differences are significant,
There are no significant differences in variance; the F values for
the comparisons of DNAP, RNAP and RNAP/DNAP ratio are 1.19, 1.27 and 1.27

regpectively.
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RNA analyses.

The results for these anzlyses are listed in Table 8. The
mean value for the RNA content of the lymphocytes from patients
with rheumaioid arthritis is 0,254 pg RNAP per lO6 cells and the
corresponding value in the normal group is 0.203‘pg RNAP per lO6
cells, There is no significant difference in variance but the

difference between mean values is significant (p = «0.01).

The RNAP/DNAP ratio.

The values for the RNA?/DNAP ratio calculated :srom the
measurements of RNA and DN& content in the cells are listed in
Table 8 which shows mean values and standard deviations in the
patient and normal groups. In rheumatoid arthritis patients the
mean value is 0.346 and in the normal group 0.254. Differences
in variance are not significant but the mean RNAP/DNAP ratio is
significantly greater than normal in rheumatoid arthritis
(p = «0.001).

Tt was possible to match for age and sex, ten patients with
definite rheumatoid arthritis and ten controls. Pairings were
carried out by random selection where more than one match was
available. The lymphocyte RIAP/DNAP was again different in the
matched groups; the mean ratio for the rheumatoid arthritis

patients was 0.37, standard deviation 0,04, and for the normal
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subjects 0.26, standard deviation 0,03 (p = < 0,001),

The relationshiv between the severity of rheunatoid arthritis

and the lymphocyte chemistry

The American Rheumatism Association classification of
rheumatoid arthritis was applied to the patients studied and the
results of lymphocyte chemistry re-analysed in two groups,

definite rheumatoid arthritis and probable rheunatoid arthritis.

DNA analyses.,.

There is no gignificant difference in blood lymphocyte DNA
content between definite rheumatoid arthritis, probable rheumatoid
arthritis and the normal group. The mean values were 0.73 pg
DNAP per 106 cells, 0.76/ug per 106 cells and 0.7} mg per 106

cells respectively, These results are recorded in Table 9,



Table 2

Lymphocyte nucleic acid content in probable and dafinite

rheumatoid arthritis and the comparison with normal.

Number of ' DNAP 6 RNAP

Group individualsipg per 10" cells pg per 106 cells RNQ?{?EAP

Definite N
rheumatoid 24 Mean 0.726 Mean 0.267 Mean 0,367
arthritis 8D 0.121 SD 0.064 8D 0.054

Probable

rheumatoid 11 Mean 0.756 Mean 0. 225 Mean 0.299
arthritis . 8D 0.159 30 0.074 SD  0.053
Normal 39 Mean 0.744 Mean 0,203 Mean 0.274
SD. 0.142 8D 0.061 SD  0.055

Mean values and standard deviations are shown for blood lymphocyte
DNA phosphorus and RNA phosphorus content and the RNAP/DNAP ratio.
There are no significant differencesg in variance (F-test) in the

comparisong listed for analysis by t-test,



Table 9 (cont'd)

Statistical analysis by t-test

' Degrees }
Comparison of t Probability F
- freedonm
DNAP No significant diffevences - - - N.S.
. ! 1t
RNAP Definite RA v normal ; 61  3.97 <0.,001 1.10
f
Probable RA v normal . 48  1.04 <0.,4070.30 1.47
Definite RA v probable RA 33 1,73 <0,10x0.05 1.34
RNAP/DNAP Definite RA v normal 61 6.70  <0.001 1.04
Probable RA v normal 48 1.09 <0,30>0.,20 1.08
Definite RA v probable RA 33 3.51 20,010,001 1.04

*
Thess differences are significani,
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RNA analyses.

The RY¥A content of the blood lymphocytes in definite rheumatoid
arthritis was 0927‘pg RNAP per 106 cells, The mean RNA content of
he lymvhocytes from the patients with probable rheumatoid arthritis
was. 0,23 s RNAP per 106 cells, Intercomparisons of the groups,
definite rheumatoid arthritis, probable rheumatoid arthritis and
normal, revealed a significant difference in the comparison of the
group with definite rheumatoid arthritis and the normal results

(p = 20.,001),

RNAP/DNAP ratio results.

The results of the lymphocyte RN@P/DNAP ratio for the three
groups, definite rheumatoid arthritis, probable rheumatoid
arthritis and normal individuals, are summarised in Table 9 and
the individual results displayed in Figure 7.

statistical analysis of the results reveals a significant
difference between the mean RNAP/DNAP ratio result in definite
rheumatoid arthritisjo.37 and the mean ratio in the normal group
0.27 (p = « 0.001), A further significant difference was *
demonstrable between the RIUAP/DNAP ratio in probable rheumatoid
arthritis 0.30 and the ratio in definite rheumatoid arthritis
(p = «0,01),

Results presented in Section 3.5 and Section 3.7 support the



¥

Figure 7

The RNAP/DNAP of the blood lymphocytes in patients with rheumatoid

arthritis .
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The patients with rheumatoid arthritis were grouped according to
the American Rheumatism Association criteria for probable and definite
rheumatoid arthritis and the blood lymphocyte RN.AP/DNAP ratio results

for these groups separately plotted. A series of normel values are also

showne.
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belief that age and sex differences between control and patient

groups would not themselves produce the results shown,

The relationship between the lymphocyte RWAP/DNAP ratic and

measurable features of the disecase (nrobable and definite

rheunatoid arthritis)

Figure 8 shows the relationship between the blood lymphocyte
RNAP/DNAP ratio and the ESR (Westergren) in mm per hour. The
correlation coefficient iz .0.50 (t = 3.34, n = 37, p = <« 0,01)
indicating that some correlation is present but the correlation of
ESR and ratio is not a close one,

A gimilar degree of correlation exists between the plasma
level of rheumnatoid factor, as measured by the sheep red cell
agglutination titre, and the lymphocyte RNAP/DNAP ratio. The
results of the sheep cell agglutination were expressed as the log
of the reciprocal of the titre and an arbitrary value of 0.5 on
the log scale was given to negative titres, i.e. those less than
1/16. The linear correlation coefficient for the comparison
calculated at 0.56 (+ = 3,76, n = 33, p = .- 0,001),

A comparison was made in patients with rheumatoid arthritis,
either probable or definite, between individuals with a high

rheumatoid factor titre, i.e. 1/256 or greater and those with a



Figure 8

Studies on probable and definite rheumatoid arthritis; the
correlation of the blood lymphocyte RNAP/DNAP ratio and the erythrocyte

gsedimentation rate.
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Individual values of the erythrocyte sedimentation rate by the
Westergren method are correlated with the results of the lymphocyte
RNAP/DNAP ratio in patients with rheumatoid arthritis. The

coefficient of linear correlation was 0.50.
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lower or negestive titre. The mean value of the RNAF/DNAP ratio
of the blood lymphocytes in the high titre group was 0.39 and in
the low titre group 0.29; the means were significantly different
(p = <0,001), When this study was extended in a comparison of
sero~positive rheumatoid arthritis, i.e., all patients with a titre
greater then 1/16 and sero-negative rheumatoid arthritis, titre
less than 1/16, the mean values for the lymphocyte RNAP/DNAP ratio
were: sero-positive 0.363 sero-negative 0.29. These mean
values were still significantly different (p = <0.01).

The oompar&son of eight patients with subcutaneous nodules
and twenty-seven patients not showing tﬁis sign, again revealed a
significant difference when the lymphocyte RNAP/DMAP ratio was
compared, The means for the groups were: with nodules 0.39;

no nodules 0,33, (p = «<0.05).

The influence of drugz treatment of the RNAP/DNAP ratio of the

lymphocyte in rheumatold arthritisg

The possibility that ~treatment could have affected the
lymphocyte RNAP/DNAP in the present study was tested by grguping
the results of thirty~five patients with probable or definite
rheumatoid arthritis sccording to the drug therapy they were
receiving at the time of the analysis, The four groups weres:

patients on salicylates and steroids, salicylates alone, steroids



Table 10

Drug treatment and the lymphocyte RNAP/DNAP ratio in rheumatoid

arthritis.
v , . , )
‘ Lymphocyte RNAP/DWAP Comparison with untreate
Group and therapy Number  Mean SD normal results p value
RA, salicylates and “ - o
steroids 11 0.344 0,065 P = « 0.001
RA, sallcylantes only 15 0.364 0.0606 p = .2 0,001
RA, steroids only 3 0.293 0.032 Not significant
RA, no therapy 6  0.330 0.042 p = < 0,05

Normal, no therapy 39 0.269 0.058 . -

The results of lymphocyte RNAP/DEAP ratio in thirty-five patients
with rheumatoid arxrthritis clagsified by drug treatment regime and the
comparison by t-test with normal individuals. There wag a significant
difference in variance between the group on steroids only and the normal
group (F = 3.28, p = «0.05), otherwise there were no differences in variances

and the remaining comparisons by t-test are valid.
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alone, and no therapy. The mean values of the lymphocyte RNAP/
DNAP ratios for the patients in each group avpear in Table 10,
The lymphocyte RNA content as measured by the RNAP/DNAP ratio was
still elevated in patients on no therapy (mean velue = 0,33)
compared with 0,27 in normal individuals (p = »0.05)., However
more sitriking differences from normal were found in the treated
groups except in the case of steroid treatment alone where the
group was too small for satisfactory statistical analysis.

h Two patients with probable rheumatoid arthritis were studied
at the time steroid therapy was started, The blood lymphocyte
RNAP/DNAP ratios for the patients before treatment were 0.19 and
0. 26. After twenty—~four hours on prednisone 5 mg q.i.d., the
lymnhozyte RNAP/DNAP ratios were 0.20 énd 0.22 respectively, and in

the second patient, after one week of treatment, the ratio had

risen marginally from the initial 0.26 to 0,29,

The nature of the blocd lymphocyte in rheumatoid arthritis

The measurements on the lymphocytes in rheumatoid arthritis
and in some of the studies which follow were carried out at an
early stage of the work when the importance of the blood lymphocyte
count was not yet appreciated, Differential white cell counts on
a stained blood film were not carried out in all patients with

rheumatoid arthritis, but films from five patients with definite
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rheumatoid arthritis were closely examined, Strikingly abnormal
cells were rare, less then one per cent of the lymphocytes,
although an increased number of deeply basophilic medium sized
and large lymphoc&tes were seen,

A comparison was made between the lymphocyte diameter measured
on a blood film stained with.a standard technique}and the chemical
analysis of the lymphocytes separated from blood drawn at the same
time, One hundred cell diameters from each blood film were
measured to obtain a value of the mean lymphocyte dliameter in
microns (um). Blood films from five normal individuals and from
five patients with definité rheﬁmatoid arthritis were examined in
this way. To avoid observer bias, the slides were coded and all
the cell diameter measurements were made without knowledge of the
diagnosis or the chemical analysis. The relationship between the
mean lymphocyte diameter and the RNAP/DNAP ratio of the cells,
illustrated in Figure 9, shows that an increase in the average
lymphocyte diemeter occurs as their RNAP/DNAP increases., The
coefficient of linear correlation of the ten results was 0,76
(t = 3.23, p = «0.02)., The possibility that the square of the
lymphocyte diemeter might give a better correlation with the chemical
analysis was not found in practice, The mean lymphocyte diameter
sveraged for five normal individuals was 8.98 microns and the mean
of the measurements in five patients with definite rheumatoid
arthritis was 10,27 microns, The normal group and the patients did

not differ significantly by cell diameter measurements {p = > 0.05



fagure 9

Correlation of the lympnocyte RNAP/DNAP ratio and the mean

lymphocyte diameter.
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Values for the lymphocyte RNAP/DNAP ratio in five ndrmal individuals
and five patients with rneumatoid arthritis are correlated with the mean
lymphocyte diameter measured on a rixed and stained blood smear, The
lymphocyte diameters are mean values of one hundred cells for each

patient. The coefricient of linear correlation was 0.76.
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< 0,10) although by chemical analysis the difference was highly

significant (p = - 0.001),

The relaticnship between the blood lymphocyte count &nd the

lymphocyte RIA/DNA xatio

The blood lymphocyte count (cells per mm>

} and the lymphocyte
RNAP/DNAP ratio were simultaneously determined in fourteen normal
individuals and twelve patients with rheumatoid arthritis.  The
results, plotted in Figure 10, show different symbols for the
normal and patients! results. The blood lymphocyte count and the

RNAP/DNAP ratio are essentially independent variables, The

coefficient of linear correlation calculated at 0.11 (t = 0,38,

n

i

14, p = =+ 0.6) for the normal results and 0,37 (t = 1.38,

n =12, p = .0,1) for the results in rheumatoid arthritis, The
correlation coefficient for the combined results was 0.19 (+ = 1.85,
n=26, p= >0,05). In no case was there a significant

correlation between the lymphocyte count and the RN&P/DNAP ratio,



Figure 10

The relationship between lymphocyte RNAP/DNAP ratio and the blood

lymphocyte counte.
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RNAP/DHAP ratio of the cells

Tl-w blood lymphocyte count in cells per mm3 derived from a leucocyte
count and a ditfrerential count on one hundred cells is compared with the
RNAP/DNAP ratio of the lymphocytes measured in the same individuals.
Results from normal subjects (solid circles) and patients with rheumatoid
arthritis (solid triangles) are shown. The coefficient of linear

correlation was 0.19.



3.15 The blood lymphocyte nucleic acid content in siceca syndrome and

in Sjcgren's syndrome

DNA analyses.

The mean lymphocyte DNA content is very similar in the two
groups of normal individuals, in patients with sicca syndrome and
in Sjdgren's syndrome, as may be secen from the results recorded in
Table 11, The mean lymphocyte DNA content in sicca syndrome and
in Sjpgren's syndrome was 0.74 pg and 0,77 pg DNAP per 106 cells
respectively, The corresponding results for the groups of normal
individuals were 0,74 HE anﬁ 0.73‘pg DNAP per 106 cells, No
statistically significant differences either of variance or of

mean values were found between normal and patient groups,

RNA analyses,

The results of the RNA anzlyses summarised in Table 1l were
used to calculate the lymphocyte RNAP/DNAP ratio results for the

groups listed above,

Lymphocyte RNAP/DNAP ratio resultsa.

Evidence that the average lymphocyte DNA content is not a



Table

11

Lymphocyte nucleic acid content in sicca syndrome and Sjjgren's

gyndrome with comparison with two groups of normal individuals.

f

DNAP HNAP RNAP/DNAP
Group Number ng per 106 cells pg yer 10 cells ratio

Sicea syndrome 8 Mean 0.735 Mean 0,239 Mean 0.330

SD 0.122 SD 0.057 SD 0.098

Sjogren's 8 Mean 0.755 ‘Mean 0,276 Mean 0.366

syndrome sD  0.106 SD  0.053 SD  0.060

Normal {gelatin Mean 0.732 Mean 0,215 Mean 0.295
and cotton wool 20

m@thod) Sb 0.114 Sbh 0.041 ‘SD 0,036

Normal (gelatin Mean 0.744 Mean 0.203 ‘Mean 0,274

: \ .
nethod,) 39 SD  0.142 'SD 0.055

SD 0,061

In this comparison, two normal groumare included since the cell

separation technique used in the study of sicca syndrome was the gelatin
and cotton wool method and that used in the Sj¢gren’'s syndrome study was

the gelatin method,



Table 11 (cont'd.)

Analysis of the results of Table 11 by t-test.

Degrees of

Cemparison sroedon t | Probability 3
iiNAP> Sicea syndromé v normal 26 -0006 20,9 'i;14
'33°g§§230me v normal a% 'o.w .20.9>0.8 1.79
-RNAf ASicca syndromé & no rma.l 26 1.27 £0.3 0.2 1.93
sjég:;z('liome v nocmal 45 2.93  -0,0L20.00L 1.33
-RNAP/ Siceca syndrome v normal 26 “ 1.38 ¢:O.2:>O.i ' Ted4
rggﬁ SJé%:;i('iiome v normal 4% 4.27 .2'0.001 1.19

% .
These diftferences are significant.

Congsideration of the values of F, the ratio of the variances in
these comparisons validated the use 6f the t—test to compare mean values.
The exception was the comparison of the RNAP/DNAP ratio in #gicca syndrome
and the normal group. Here I} calculated at T.44, significant with
p = <0.01, The d-test, d - 0,99, 0.9 showed no significant difference

in mean values for this particular comparison.
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significant variable in patients with sicca syndrome and Sjdgren's
syndrome allows legitimate use of the RHAP/DNAP ratio in

considering changes in the average cell RIA,

The results of the analyses of lymphocyte RNAP/DNAP in sicca
syndrome and Sjggren's syndrome as well as the two normal groups
are summarised in Table 11, and the distribution cf the results is
illustrated in Figure 11, When comparisons are made between the
patients!' results and their appropriate control group, two
obzervations may be made, Firstly, the lymphocytes in the eight
patients with sicca syndrome have a mean RNAP/DNAP ratio of 0.33,
not statistically different.from the normal coﬁtrol subjects who
have a mean ratio of 0,30, Secondly, the blood lymphocytes in
Siggren's syndrome were significantly abnormal; their mean RNAP/
DNAP ratio was 0,37, The corresponding control value was 0,27
(p = <0.001). Consideration of differences in variance did not
alter these conclusions,

On the evidence presented in Section 3,5 and Section 3,7, the
age and sex differences between patients and control would not

influence the findings.



Figure 11

Lymphocyte RNAP/DNAP ratio in sicca syndrome and Sjsgren's syndrome.
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individual results of the lymphocyte RﬁAP/DNAP ratio are plotted
for patients with sicoa gyndrome and Sjdgren's syndrome, Normal
results, using two methods of isolatlng the lymphocytes from blood, the
gelatin method and the gelatin plus cotton wool method, are included

for comparison. The broken lines indicate mean values.
o
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3.16 The relationship of the severity of the disease and the lymphocyte

3.17

RIAP/DNAP ratio, A comparison of sicca syndrome and Sjidgren's

syndrome

Although it heas been demonstrated that the blood lymphocytes
in Sjggrents syndrome, a disease with widespread tissue
manifestations, are significantly different from normal while the
lymphocytes in the less severe sicca syndrome do not show this
degree of abnormality, direct comparison of the lymphocyte RNAP/
DNAP ratios, 0.37 in Sjogren's syndrome‘and 0.33 in sicca syndrome,
fails to show a significant difference (p = >0.3). Inspection of
I"igure 11 shows that there was only one result in the sicca syndrome
which could be considered abnormal, while in Sjggren's syndrome
there were four lymphocyte RﬁAP/DNAP ratio results at the abnormal

level of 0.40 or greater.

The effect of drug treatment on the RNAP/DNAP ratio of the

lymphocytes in sicca syndrome and 3jdoren's syndrome

Sicca syndrome,

Six of the patients studied were receiving no therapy, one was

taking indomethacin and one was having mefenamic acid both in a



@able 12

e

The results of the blood lyaphocyie RNAP/DNAP ratio determination

in Sjogren's syndrome lListed by treatment regimes,

P B R T T S -

‘Pherapy Lymphocyte RNAP/DNAP ratio

Not on treatment 0,46,0.34

Mea'ﬂ = 0.110
Salicylate and

sterold ; 0.40
. | 0.41,0.40,0,31
Salicylate aloune Mean = 0037
Steroia alone ’ 0.33,0.28

Mean = 0,31

Blocd lymphocyte analyses from elght patlents with Sjpgren's
syndrome were grouped according to therapy ai the s1me ot the analysis,.
The group mean values for the RNAP/DNAP ratio are recorded whore this

is appropriate.
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standard therapeutic dose, The lymphocyte RNﬁP/DNAP ratio of
these last two patients were within the normal rance while the one
patient with zbnormal lymphocyte chemistry was having no drug

treatment at the time of the measurement,

3jegren's syndrome,

The majority of patients with Sjogren's syndrome were on drug
treatment and this is most simply shown by a table (Table 12),
Although the numbers of patients are sméll there is no evidence
that drug treatment effects are an explanation of i1he finding of

an abnormal 1ymphocyté RNAP/DNAP ratio in Sjggren's syndrome,

3.18 The blood lymphocyte nucleic acid content in thyrotoxicosis

DA results.

Table 13 shows the summarised results of the DNA analyses of
the lymphocytes from the patients with untreated thyrotoxiogsis énd
the results in normal individuals for comparison. The mean DNAP
content of the lymphocytes was almost identical in patients and

the normal group.



Table 13

The nuclei¢c acld analyses ol the Jlymphocytes rrom patients with
untreated thyrotoxicosis, with results in normai individuals analysed

by the same method.

DNAP " RNAP RNAP/DNAP
Group Numper pg ver 107 cells pg per 10 cells ratio
Mean U.737 Mean 0,22y Mean 0,316
Thyrotoxicosis 20 SD 0.119 SD  0.039 SD 0.060
Msan 0.732 . Mean 0.215 Mean 0.295
 Nowmal - 34 SO 0.114 | S» 0.041 8D 0.036

Mean valueg and standard deviations are shown tor measurements ot

Lymphocyte DNA phogphorus, RNA phosphorus and RNAP/DNAP ratio.

Anaiysis by t-testv

‘Degrees ot

} l . l .. N it —— - ——
Comparison freodom t é Probability P
Thyrojoxicosis Vv normal DNAP HYe 0,21 | < 0,9 0.8 1.09
RNAP 52 1;26 ' "%002 ;'001 1'11
RNAP/DNAP ratio 52 1.41 i 0e2 >0.1 2.79

Comperigon of variance between test and control group showed a
significant difference for the RNAP/DNAP ratio only (F = 2.79, p = <0.01),

Analysis of the means by d-test (d = 1.45, 0.86 N.S.) confirmed the t-test

raegult.
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RNA results.

These results also appear in Table 13, The mean RNA content
of the lymphocytes in patients with untreated thyrotoxicosis was
0.23 pg RNAP per 106 cells, slightly greater than the mean value
in the normal group, but the difference is not statistically

significant,

RNAP/DXAP ratio results.

The mean of the result for the lymphocyte RNAP/DNAP ratio in
patients with untfeated thy¥otoxicosis was found to be 0,32
although greater than that found in the normai control group O, 30;
the difference was not statistically significant (p = > 0.10).

A differeﬁce in variance between test and control group did not

alter this finding.

The blood RNAP/DNAP ratio in relation to measurable features .

of thyrotoxicosis *

The lymphocyte RNAP/DNAP ratio in LATS positive and LATS negative

s

patients.

Figure 12 shows the results of the blood lymphocyte RHAP/DNAP



Figure 12

Lymphocyte RNAP/DNAP ratio in thyrotoxicosis.

A comparison

of results from patients with sera positive and negative for LATS,
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Tndividual results for the lymphocyte R¥AP/DNAP ratio in

ot

patients with thyrotoxicosis arc grouped according to the results

of the LATS bio-assay. Normal results are shown and the result of

the t-test comparisonjpatient and normal results indicated.

Broken lines denote mean values.
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ratio measurements from twelve thyrotoxic petients whose sera
were positive in the LATS bio-assay and éompares the lymphocyte
results with those from twenty—tﬁo patients negotive in the LATS
assay., The lymphocyte chemistry and the LATS assays were
deternined prior to treatment of the hyperthyroidism, Lymphocyte
RVAP/DNAP ratio data from twenty normal individuals are included
for comparison. The mean RNAP/DNAP ratio of the lymphocytes
from thyrotoxic patients with LATS éositive sera was 0,326

($.D. 0,044), and from those with LATS negative sera it was 0,302
(5.D. 0.046). Intercomparisons were made and it was found that
the mean lymphocyte RNAP/DNAP ratio was significantly higher in
the LATS positive thyrotuAiE group than in normal individuals

(p = «0.05)., The difference in the direct comparison of LATS
positive and LATS negative individuals did not reach statistical

significance (p = > 0.10).

The lymphocyte RNAP/DNAP ratio and the 24--hour I131 uptake of the

gland,

No attemplt was made to correlate directly lymphocyte chemistry

-

and thyroid radio-iodine uptake, By the technique used, 15 to

131

40 per cent of an administered test dose of I is normally
2
retained by the gland, A high uptake of Il"1 was arbitrarily

defined as 60 per cent or greater of the test dose, and the
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lymphocyte RNAP/DNAP retio from patients with a high uptake
131

compared with the ratio in patients with a 24~hour I~ uptake less

than 60 per cent, There was no significant difference in the
lymphocyte chemistry between the high and low‘uptake groups,
indeed the mean ratio was marginally greater in patients with a

131

lower I uptake, 0,32 as against 0.31,

The effect of treatment of thyrotoxicosis on the lymphocytle

nucleic acid content

Treatment of the thyrotoxicosis did not produce a consistent
change in the DNA values, In patients rendered euthyrcid by the
various forms of treatment the mean DNA content of the lymphocyte
was 0,666 ug D¥A phosphorus per 106 cells with a standard deviation
of 0,159, Although lower than the levels found in ncrmal
individuals the difference was not significant by "t =test (p =
=~ 0,10).

When the post treatment results for the DNA values were
separated by treatment regimes the following results were o?tained:
in Carbimazole treated patients the mean lymphocyte DNA content
was 0,675 )12 DEA phosphorus per 106 cells, in radio-iodine treated
patients the mean DNA content of the lymphocytes was 0.645 pg DNA

phosphorus per 106 cells, and in patients treated by surgery the
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mean post-treatment lymphocyte DNA content was 0,778 pg DHA
phosphorus per 106 cells. Only in the case of radio~iodine
treated patients was the difference signifiéantly different from
normal (p = <0.02).

Table 14 shows the RNAP/DNAP ratios of the lymphocytes from
thyrotoxic patients before and after treatment with Carbimazole,
radio~active iodine or partial thyroidectomy, and the data are
compared to results from twenty normal individuals, The mean
lymphocyte RNAP/DNAP ratio following therapy with Carbimazole in
ten patients was 0.365, higher than in the normel control group
with a mean ratio of 0.295 (p = <0.02). A statistically
significant difference was égain found when the mean ratio, after
treatment, was compared to pre-treatment results for these
Carbimazole treated patients. When the lymphocyte RNAP/DNAP
ratio data from patients treated with radio-iodine therapy was
examined there was a difference between the mean ratio éfter
therapy and the mean ratio found in normal people, The details
are tabulated and it may be noted that the mean post-radio-iodine
treatment RNAP/DNAP ratio was 0.352, significantly greater than the
value in normal individuals,. -There was not however a significant
difference between the mean lymphocyte RNAP/DNAP before and:after
therapy in the radio-iodine treated patients.

The results in the three patients after treatment by partial
thyroidectomy are also tabuleted, The mean post-treatment RNAP/

DNAP ratio of the lymphocytes 0.432 is substantially higher than



Table 14

The efrtect of treatment of thyrotoxicosis on the blood lymphocyte

RNAP/DNAP ratio.

Numbers
Treatment in
groups

Carbimazole 10,10

131

I 21,19

Partial
thyroia~
ectomy

3,3

Noxrmal
untreated 20
individuals

The resulits of comparison of

Pre-treatment Posgt-treatment
{(thyrotoxic) (euthyroid)

Mean 0,308
SD 0,053

Mean 0 a323
Sp 0,068

Mean 6.336

SD  0.054

Mean 0.295
s 0.036

i
i

Comparison ot pre and
Poat treatment mean val

t Probabiltity
* l |
Mean U¢365 2.55 «:.’Z.0.0z ::“'0001
SD  0.050
* !
Mean 00352 1060 LQO.QO :.7‘0010
~ SD 0.048
' SD 0,057

*Mean vajues denoted by asterisk are
gigniticantiy ditrerent irom the
results in the normali untreatea
control subjects.

the lympnocytie RNAP/DNAY ratio in pre-

treatment thyrotoxic ana posit-treatment euthyroia patients are tabulated,

showing the mean values and the standard deviation with the number of

individuais in each group.

The results of the t-test ot this comparison

are listed. There were no significant differences in variance between

the groups compared, and t—test results are therefore valid.
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either the pre-treatment value or the results in normal individuals,

but the small sample prevents adequate statistical analysis,

3,21 Blood lymphocyte count results in thyrotoxicosis

The mean leucocyte count in the peripheral blood of twenty-
three patients with thyrotoxicosis prior to treatment was T140
célls per mm3, and the mean lymphocyte count for the nineteen of
these patients in which it was determined was 2350 cells per mm3
with a standard deviation of 960 cells per mm3. The observed
range of the lymphocyte count was from 1060 cells to 4600 cells
per mms, Two patients had a leucopenia with a total white cell
count of less than 4000 cells per mm3 and in these patients there
was a relative lymphocytosis, The correlation between the blood
lymphocyte count and the RNAP/DNAP ratio is not significant,

r = 0,30 (t = 0,99, n = 12, p = > 0.3),

Data following treatment is incomplete, but for five Carbi-
mazole tre.ted patients the mean blood lymphocyte count was 2670
before therapy, and after treatment in three ihe mean was 2170
cells per mm3. In patients treated with radio-iodine the mean
lymphocyte count before treatment was 2100 cells per mm3, and in
seven patients after therapy with radio-iodine the mean blood

3

lymphocyte count was 1900 cells per mm~. Statistical significance
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was not established for these results but the trend is for the
blood lymphocyte count to fall following Carbimazole therapy and

to be unchanged when radio-iodine is the treatment.

The blood lympvhocyte rucleic acid content in lupus erythematosus

The results of the blood lymphocyte nucleic acid analyses in

lupus erythematosus appear in Table 15.

DNA results,

The mean lymphocyte DNAP content in the eight patients with
lupus erythematosus was 0,744 pe DNAP per 106 cells, identical

with the average value found in normal individuals,

RNA results,.

The mean lymphocyte RNA content in the patients with lupus
erythematosus was 0.276 pg RNAP per 106 cells, significantly

greater than the normal value (p = < 0,01),



Table_;i

Lymphocyte nuclileic acid analyses in lupus erythematosus.

. ! ) : !

. % DVAP RNAP RNAP/DNAP
Group ;Number p& per 106 cells pg per 10 ¢slls  ratio
bupus erytnematosus' 8 Mean 0.744 | Mean 0.276 Mean 0.376
- SsD 0,113 SD 0,080 sD  0.102
Normal 39 Mean 0,744 Mean 0,203 Mean 0.274

The nucteic acida anatyses of the lymphocyies trom patients with
Tupus erythematosus with results o1 normal individuals, analysed by the
same methods, for comparison. Mean values and gtandard deviationsg fon
lymphocyte DNA phosphorus, RNA phosphorus, RNAP/DNAP ratio in patient

and control groups are shown,

Analysis by t-test

! ‘ ! i
g ! i
Comparisen Degrees of

freedon 1 b i Proba?lllty,w F‘
DNAP Normal v lupus erythematosus. 45 0,01 | 0.09 1.58
RV¥AP Normal v lupus erythematosus’ 45 2.92 20.01 20,001 1.72
3 .
. _
Bkﬁ?/ Normal v lupus erythematosus 45 4.09 j <0.001 1.00

DNAP

“
Differences arc significant.

There wvere no significant differences in variance in these comparisons

and the t-test results are valid.
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RNAP/DNAP ratio Tesulis.

The mean lymphocyte RNAP/DNAP ratio is significantly increased
in the group of patients with lupus erythematosus when compared
with the normal control group. The meen ratio of the eight
patients was 0,376 compared with the control value. This is a

significant difference (p = « 0,001).

Data on the blood lymphocyte count was not obtained in these

patients,

The relationship of the lymphocyte nucleic acid analyses to the

disease process.

There were eight patients in this study of lupus erythematosus,
one had the skin manifestations only, four had skin lesions with
L cells present in the blood, and three.had the systemic form of
the disease, The lymphocyte RN@P/DNAP ratio in four patients was
above the upper limit of normal of 0,40, Of these, three had
general systemic manifestations of the disease and one had skin

lesions with IB cells in the blood. #
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Treatment of lupus erythematosus and the lymphocyte RNAP/DNAP

results.

Steroid therapy was being administered to two of the four
petients with an elevated lymphocyte RNAP/DNAP ratio, One
patient on no therapy had a lymphocyte RNAP/DNAP ratio of 0.41,
one patient with a lymphocyte RNAP/DNAP ratio of 0.43 was
receiving salicylate therapy only. The patient with the highest
lymphocyte RNAP/DNAP ratio, a value of 0,57, was on steroid
therapy, but also had undergone thymectomy two years prior to the

measurement,

3.23 The blood lymphocyte nucleic acid content in infection

The results of the analyses in patients with infection are

summarised in Table 16,

DNA results,

Y

The mean lymphocyte DNA content for nine patients with
infection was 0,728 ug DNA phosphorus per lO6 cells, not

significantly different from normal,



Tabla 16

Lymphocyte nucleic acid analyses in viral or bacterial infection.

? ! | S

'
'

f DNAP s RNAP RNAP/DWAP
T rey .
Group Number pe wer 10 cells pe ver 10° celis L io
l - i y b | : . | b .
. Infection 9 hean 0.728 Mean 0.226 Mean 0.313

SD  0.102

Mean 0,744
S 0.142

3D  0.050
Mean 0.203

SD 0,061

SD 0.047
Mean 0.274

SD 0,055

Msan valuwes and standard deviations of the results of lymphocyte

nucleic acid analyses from patients with infection, either viral ox

bacterial, are ligied,

Analysig by t—test

Degrees of

Comparigon freedomn } t . Probability
: —rt—— o e M i ,v ——
DNAP lantection v normal 46 10032 « 0,8 70,7
RNAP Infection v normal 46 1.02 < 0.4 »0.3
RNap/ . “ .
DNAP Lintection v normal 46 2,07 «0.05 »0.01
ratio .

‘X‘
This difference ig significant.
There were no eignificant differences in variance in thesec

comparisons, validating the t~test.
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RNA results.

The mean lymphocyte RNA content in these patients was 0,266 pg
RNA phosphorus per 106 cells, slightly greater than the averege
normal value by this method of 0,203 pg RNAP per 106 cells but not

significantly different.

RNAP/DNAP ratio results.

The mean RNAP/DNAP ratio of the patients with infection was
0.313, significantly greater than the normal mean for the gelatin
method of 0,274 (p = <. 0,05), but not significantly different from
normal when compared with the normal group by all methods.

A comparison of the lymphocyte chemistry between the seven
patients with bacterial infection and three patients with viral
infection is hardly justified and mean values for the lymphocyte

RNAP/DNAP, 0.31 and 0.32 respectively, were similar,

3.24 The blood lymphocyte nucleic acid content and the lymnhocyté

count in neoplasm

The results ol the analyses in patients with neoplastic disease

are summarised in Table 17 which shows values and standard



The nucleic acid analyses of blood lymphocytes from patients with
neoplasm histologically confirmed, with results from normal

individuals analysed by the same methods for comparison.

!

n DNAP RNAP RNAP/DNAP

Group Number pg per 107 cells Jg per 107 cells ratio
Neoplagm 6 Mean 0.710 Mean 0.298 Mean 0.417
SD  0.113 SD 0,090 'SD 0.105
Normal 20 Mean 0.732 Mean 0.215 Mean 0,295

s 0.114 sh  0.041 SD  0.036

Mean values and standard deviations for the results of lymphocyte

DNA phosphorus, RNA phosphorus and RNﬁP/DNAP ratio are shown.

Analysis by F-test

Group Degrees of

freedom r Probability
Neoplasm v normal : :
1 |
DNAP 5, 19 1.02 N.S.
RNAP 5, 19 4.82 <0.01
RNAP/DNAP ratio 5, 19 8.54 < 0,001

There are gignificant differences in variance in some comparisons,

g0 the d-test and t-test are required in analysis of the mean values.



Table L1TA

Statistical analysis of results from Table 17,

]

Degrees of

. .
Group freedom t é Probability
Neoplasm v normal
DNAP 5, 19 0.41 - <0.7 >0.6
' *
RNAP 5, 19 3.27 2.19,0.9 <0.05
RNAP/DNAP ratio 5, 19 4.49 2.80,1.0 = 0.05

*
Significant differences by d-test. The probabilities

are greater when the less valid t~test is used.
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deviationg of the patients and nermal results,

DNA results,.

The mean DNA content of the lymphocytes in the patients with
neoplastic disease 0,710 ug DNAP per 106 cells was slightly lower
than the value found in normal lymphocytes, but the mean values

were not significantly different by "t'-test,

RNA results,

The mesn RNA content of the blood lymphocytes in these patients
was 0,298 pg RNAP per 106 cells, There was greater variance in
the patients' results than the control results and comparison of
the mean values by the d~test showed the value of 0,298 ug RNAP

per 106 cells to be significantly elevated (p = «0,01).

RNAP/DNAP results.

&

The mean value Tor the lymphocyte RNAP/DNAP ratio in the
patients with neoplastic disease was 0,417 compared with 0.295 in
the normal group, a significant difference (p = «0.05). This

value was obtained by the d~test which allows for the difference
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in variance between control and test groups.

The lymphocyte chemistry and the nature of the disease,

In a small group of patients it is not justifiable to
classify the results by tissue of origin although this information
is noted for each patient in Appendix 8, It is striking however
that all four patients with metastatic spread of cercinoma had
blood lymphocyte RNAP/DNAP ratios above 0,45 and the ratios in the

two patients with local neoplasm were normal, i.,e, 0,26 and 0,31,

The blood lymphocyte count in patients with neoplastic disease,

All but two of the blood lymphocyte counts in the patients
with neoplastic disease were in the normal range 1500 to 3500 cells
per mm3. One abnormal count was 1034 cells per mm3 in a patient
with extensive secondary neoplasm from breast carcinoma, The
blood lymphocyte RNAP/DNAP ratio in this patient was 0.47. The
other was 1452 cells per mm3, Just at the borderline of normal, in
a patient with liver secondary neoplasm from cercinoma of colon,

and agssociated with a lympﬁocyte REﬁP/DNAP ratio of 0.46, The

mean blood lymphocyte of the group was 2060 cells per mm3.
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3.25 The blood lymphocyte nucleic acid content in miscellaneous

conditions

The summary of the results of the lymphocyte analyses in
twenty—~two patients divided into fifteen different disease
categéries is listed in Table 18. The individual results are
drawn up in Appendix 9. The mean DNA content of the lymphocytes
for the entire group was 0.700 pg DNAP per 106 cells, not
significantly different from the value in normal individuals,
Analysis of this heterogeneous group would be unprofitable, but
there are several points of interest in the results listed in
Table 18. The highest lymphocyte RNAP/DNAP ratio of the group
was a value of 0,40 in the only patient with acute leucaemia.

This was almost certainly due to the presence of blast cells since
a very high yield of cells was obtained from this patient's blood,
Allowing that the analyses were made on groups of one, two, or
sometimes three patients, it is of interest that high normal
values for the lymphocyte RHAP/DNAP ratio were found in ulcerative
colitis and macroglobulinaemia, Normal or low normal ratios were
recorded in pemphigus, colonic histiocytosis, following typhoid-
paratyphoid immunisation, acne, osteoporosis, osteomalacia,.light
chain myeloma, and chronic lymphatic leucaemia, Intermediate
between these, that is with REAP/DNAP ratios within the normal

range but slightly above the mean for normal individuals, were the



Table 18

T

The blood lymphocyte nucleic acld content in a miscellaneous

gerieg of conditions.

Number Mean RNAP/DNAP

- oow Jn  per 10 cells or 100 cells TSl PeT
- | (e (ve)
‘Acute leucaemia 1 0.66 0.26 0.40
Ulcerative colitis 2 0,64 0.23 0,36
Macroglobulinaemia 1 0.65 0.23 0.36
Crohn's disease 2 0.53 0.19 0.34
Sarcoidosis 1 0.98 0.32 0.33
Salicylate poisoning 1 0,98 0.28 0.33
Whipple's disgeass 2 0.58 0.17 0.31
Pemphigoid 1 0.74 0.22 0.30
Cg;zg;gshistio“ 2 0.57 0.17 0.29
Lcne 1 0.80 0.23 0.29
Piiﬁuﬁiﬁatioﬂ 3 0.83 . 0.23 0.28
Ogteoporosis | 1 0.71 0.19 0.27
Osteomalacia 1 0.43 0.10 0.24
Light chain myeloma 1 0,57 ©0.13 0.22
C?gﬁg;gmigmphati° 3 0,95 0,22 0.22

Mean values for the lymphocyte DNA phosphorus, HNA phosphorus and
RNAP/ DNAP ratio are shown where there is more than one patient with the

gama condition.
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lymphocytes from patients with Crohn's disease, sarcoidosis,

salicylate poisoning and Whipple's disease,
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3.26 Digcussion

Results obtained in normal individuals,

DNA results.

The wvalue of 0.74 wg DNA phosphorus per million lymphocytes
found in normel individuals, the mean value obtained by combining
the results of three cell separation techniques (Table 5), is
close to that found by Davidson, Leslie and White (1951) 0.70 yg
DNA phogphorus per million cells, and Metals and Handell (1950)
O.69_pg DA phosphorus pev'million cells, in their measurements
on preparations of mixed leucocytes. Although ths measurcments
of Davidson et al., (1951) and those described here were carried
out by different methods it appears that the lymphocyte and the
polymorphonuclear leucocyte of peripheral blood contain similar
amounts of DNA, This conclusion is supvorted by Hale and Wilson
(1961) who used microdensitometry snalyses of blood cells and
found that the amount of Feulgen stained material (DNA) in the
mature polymorph is the same as in the small lymphocyte and that
the leucocyte of the perivheral blood is practically exclusively
diploid (Hale and Wilson, 1959). In a later paper Hale (1963)
found that certain ﬁolymorphonuclear leucocytes apparently
contained less DNA than other human cells, a finding of interest

in view of the small discrepancy between the results in lymphocytes



108

reported here and previous work on mixed leucocyte preparations,
The important point is that provided the DINA content of the
lymphocyte is constant, variation in the RNA content of the cell
mey be assessed by measuring the RNAP/DNAP ratio of the cell
preparation thus eliminating cell counting error,

Recently Sakai (1971) determined the mean DNA content of
normal human lymphocytes by the chemical method described in this
thesis and published elsewhere (Glen, 1967). Although his cell
separétion technigue was slightly different, he obtained a value
of 0,71 ug per 106 cells for the mean DNAP content of the
lymphocytes,

The DNA content observed in the lymphocytes is al<o in accord
with the values in the literature for {the mesn DNA content in
other human cells (Leslie, 1955), TFor cells regarded as
predominately diploid, e.g., brain and kidney cells, the values are
0.68 ug and 0.83 pg DNAP per 106 cells respectively. A
proportion of liver cells are polyploid and in this tissue the mean
cell DNA content is slightly higher, i.OO'yg DNAP per 106 cells.
In the light of these values and the mean DNAP content found in
the lymphocytes, 0.74 pg DNAP per 106 cells, it is reasonable to
accept that the majority of normal blood lymphocytes are diploid
cells,

When lymphocytes are separslted from blood by methods differing
in principle, gelatin sedimentetion methods and the silicone oil

technique, the mean values for the DNA content and RNA content and
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the calculated RNAP/DNAP ratio of the lymphocytes obtained from
normal blood are similar in each case (Table 5). Ideally, the
same blood sample should have been analysed by all three methods,
but practical difficulties of running the methods simultaneously
prevented tnis, The similarity of the chemical analyses of
lymphocytes by the three methods is evidence that the cells
isolated from blood are representative of the circulating
lymphocytes, This point has to be considered since the yields of
cells obtained in the separation are low (Table 1). In the
gelatin and cotton wool method, the method adopied for most of

the work presented, losses of lymphocytes occur when red cells are
removed by sedimentation aﬁd some lymphocytes are trapved in the
cotton wool, It is possible that difterential losses of either
large or small lymphocytes could occur during lymphocyte isolation
in pathological conditions, but the results reported in Section 3,13
would counter this belief since there is an acceplable correlation
between the RNAP/DNAP ratio of the isolated cells measured
chemically and the mean diameter of the lymphocytes measured on a
peripheral bhlood smear, There is evidence that thymus independent
lymphocytes may be relatively more adherent to glass, and
presumably coiton wool, than thymus dependent cells (Davies, 1969).,
Somewhot surprisingly, the mean lymphocyte RNAP/DNAP ratio of
normal lymphocytes is marginally but significantly greater when
the cells are isolated in the prescnce rather than the absence of

cotton wool, A probable explenation for this is the removal of
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residual polymorphonuclear leucocytes (which have a low RNA content)
by the exposure to éotton wool,

Although no important differences between methods for the
lymphocyte nucleic acid measurements have been shown, the ranges
observed in normal individuals differ slightly and it has been the
practice to compare results in pathology with a normal series

approprizte to the method of cell seperation.

RNA results and the RNAP/DNAP ratio results in normal individuals,

The mean value for the- RNA phosphorus per 106 cells in the
series of normal results was 0,210 pg with a standard deviation of
0.054 for sixty individuals studied. These were the combined
results obtained by the three methods of cell separation reported
individually and in combined form in Table 5,

The calculated mean RNAP/DNAP ratio for the sixty normal
individuals was 0,284 with a standard deviation of 0.055. These
values sre lower than these obtained by Davidson et al, (1951) who
found a mean RNA phosphorus of 0.24 pg per million cells which
gave a value for the RWAP/DNAP ratio of 0.35 % 0.16. Although
the measurements of Davidson et al. were carried out on oeli
preparations containing both lymphocyltes and polymorphs and could
be expected to give different results, the analytical methods used

are also important, Davidson et ale (1951) estimated RNA by
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measuring the total phosphorus content of the Schmidt Thamnhauser
RINA fraction, There is evidence that this fractiion containg
significant amounts 6f organic phosphorus compounds other than
ribonucleotides, Davidson and Smellie (1952) investigated this
point, although not specifically in leucocytes, and found that

20 to 25 per cent'of the phosphorus in the fraction from rat liver
was other then ribonucleotide phosphorus while in rabbit spleen
(Davidson, Fraser and Hutchison, 1951) the figure was 10 to 15 per
cent, In order to arrive at absolute values and to compare the
results in lymphocytes reported here wiﬁh the leucocyte
measurements of Davidson, Leslie and White (1951), it should be
noted that the method descfibed here for the analysis of RNA gives
an 86 per cent recovery, If an allowance is made for the less
than one hundred per cent recovery in the present ultra-violet
measurements (add 14 per cent), and the error due to the likely
presence of non-ribonucleotide phosphorus in the measurements of
Davidson et al.(subtréct 12 per cent), the content of RNA
phosphorus is similar in normal lymphocytes and leucocytes, being
close to 0.24 pg per million cells for the present measurements
and 0,21 for these of Davidson et al,. When the corrections are
applied to the RNA values and the RNAP/DNAP ratio calculated from
them, the resﬁlts are 0,32 and 0,31 for the present observation
and those of Davidson ét al, respectively. Thesge ere low values
for the RNAP/DNAP ratio when compared with other tissues, e.g.

liver with an RNAP/DNAP of 2.48 (Leslie, 1955)3 similarly low
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values have been reported from leucocytes, thymus and lymphoid
tissues in animals (Leslie, 1955).

In the determinations of lymphocyte nucleic acid, no advantage
is to be had from meking the small corrections arising from the less
then one hundred per cent recovery and no such corrections were
made,

Individual differences in the lymphocyte RNAP/DNAP ratio
observed in the normal subjects are unexplained although each was
guestioned about recent illnesses, allergies and immunisations.
Some of this data is included in Appendices 1 and 2,

The inconclusive findings in relation to age effect in the
result of the RNAP/DNAF dccérminations in lymphocytes from normal
individuals requires little further comment, Although the data
pointed to the possibility that the lymphocyte RNAP/DNAP in age
group thirty years to thirty-nine years was higher than in the
preceding decade or in the decade fifty years to fifty-nine years,
for the reasons stated in Section 3,7 this is uncertain,

Functional differences in the lymphoéytes which appear to be age
related have been reported. Pisciotta, Westring, Deprey and

Walsh (1967) observed that the in vitro response to phytohaem-—
agglutinin in lymphocytes decreased as the age of donor of the cells
increased, Curiously, their data show an impoverished resvponse

of the blood lymphocytes to the mitogen when the donor of the

cells was in the age group thirty yeers to forty years,

Serial measurements of the lymphocytes in two individuals
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(Section 3.8) illustrate the advantage to be had from measuring
the lymphocyte RNAP/DNAP ratio rather than relating the nucleic
acid measurement to a cell count, The coefficient of variation
of twelve results from one individual over a period of fourteen
months were as follows: for DNAP per 106 cells, 18 per cent;

for RNAP per 10° cells, 24 per cent; for the RNAP/DNAP ratio,

16 per cent., The coefficient of variation of the RUAP/DNAP ratio
results of this individual (16 per cent) was less than coefficient
of variation of single analyses from forty normal individuals by
the same method (20 per cent),

The frequency distributions of the measurements, DNA phosphorus
per 106 cells and RNAP pef 106 cells, are demonstrably skewed with
an excess of individuals in whom the calculated DFAP content and
RNAP content of the lymphocytes is higher than the mode (Figure 5).
These findings are thought to be evidence that the error of cell
counting has not been a completely random one probzbly because cell
clumping has occurred during the isolation procedure resulting in
an underestimate of the number of lymphocytes in the suspension,
The contrasting normal distribution of the RNAP/DNAP ratios,
calculated from the same results, has confirmed that the likely
cause of the skewed distribution is cell counting error. - Other
authors (Rigas, Duerst, Jump and Osgood, 1956) have found a normal
distribution of the results of DNA phosphorus and RNA phosphorus
per'106 cells in annlyses of cells from pstients with chronic

lymphatic leucaemia.
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From the evidence presented in Section 3,8 it is apparent
that the lymphocyte RNAP/DNRP ratio changes only gradually over
periods of some days,; at least in normal individuals, Congsiderable
day to day variation in apparent DNAP and RNAP content of the
lymphocytes can therefore be attributed to the cell counting
errors and would confirm the value of the RNAP/DNAP ratio in
assessing the circulating lymphocytes,

Similar results for the lymphocyte nucleic acid content have
been recorded in males ana females so the theoretical sex difference
in the DNA content of the lymphocytes resulting from the different

sex chromosome has not been observed,

Results in Pathology.

DNA resultls,

Table 19 provides a list of the values found for the mean
lymphocyte DHA content in the pathological conditions studied in
this section ags well as the wvalues found in normel individuals,

With the single exception of I131

treated patients none of the
mean values in the pathological cenditions is significantﬁy
different from the normal, indeed the mean values are remarkably
similar. Thig coservation is a notable one since even in

conditions where there is increased immunological activity there

is no significant change in the average DNA content of the blood



Table 19

The mean DNA content of the blcod lymphocytes summarised from a

geries of studies on patient and normal groups.

i

Group Nu?zer Mean lymphocyte DNAP
group pg per 107 cells

Sjogren's syndrome 8 0.76
Kheumatoid arthritis 39 0.4
Lupus erythematosus 8 0.74
Normal, combined

Tesults 60 0.74
Thyrotoxicosis 34 ' 0.74
Siecca syndrome 8 0,74
Infection 9 0.73
Neoplasm 6 0,71

The mean valueg of the lymphocyte DNA phosphorus are corrected to

two significant Tigures. None is significantly different from normal.
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lymphocytes. It is possible that a more sensitive procedure
might show such a change since a small proportion, less than one
per cent, of large lymphocytes from human peripheral blood will
incorporate tritiated thymidine into their nuclei (Bond, Cronkite,
Fliedner and Schork, 1958). Small lymphocytes do not incorporate
labelled DNA precursors, and these cells appear to become labzlled
only as a result of division of already tagged cells, Cooper and
Pirkin (1965) were able to demonstrate DNA synthesis in peripheral
blood mononuclear cells of three patients with rheumatoid arthritis,
but once again the percentage of mononuclear cells actively
synthesising DNA was low, less than 0.25 ﬁer cent had measurable
tritiated thymidine uptake'by auto-radiography.

Present understanding of the DNA synthesis cycle in mammalian
cells indicates that dividing cells are in a hyperdiploid state
during the period of DNA synthesis and for the period thereafter
known as the G2 phase. Measurements for example by Lajtha,
Oliver and Ellis (1954) in mouse L cells revezaled that these two
periods can make up half of the generation time, Where the
proportion of lymphocytes in the blood that are actively dividing,
is sufficiently great it may be possible to detect an increase in
the mean cell DNA content. Lesiewska (1967) was able to ghow a
small increase in the DNA content of the blood lymphocytes in some
children with virus infections and the evidence was that this was
due to the presence of a proportion of hyperdiploid cells. The

present restricted study of virus and bacterial infection did not
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however revezal an alteration in the blood lymphocyte DH4 content,

In the next section it will be shown that the lymphocytes
from patients with a renal allograft on therapy with azathioprine
and prednisolone have a mean lymphocyte DNA phosphorus content
slightly but significantly greater than normal. These patients
are of course subject to considerable immunological stimuli end
it is possible that active DNA synthesis has contributed to the
increase in mean lymphocyte DNA content, The only other group
which shows a significant increase in the lymphocyte DNAP content
is the group of patients rendered euthyroid by radio-iodins
therapy. No definite explanation can be.given for this last
finding although a tentative one might be the direct effect of
radiation damage on the lymphocytes, Tissue culture experiments
with mouse L cells (Whitmore, Stanners, Till and Gulyas, 1961)
have shown that substantial irradiation (2000 r) allows
continued DWA synthesis without division so that the averzge DNA
content per cell reaches three or four times the diploid value.
This effect might be operative at a much lower radiation level
in radio-senszitive lymphocytes.,

The possibility that failure of the system of immunological
surveillance occurred in advanced neoplastic disease has heen
introduced. In this context the observation that in patients
with neoplastic disease the mean lymphocyte DNA content is low
although not significantly less than normal, may be relevant and

could point to s reduced DNA turnover in these cells, This is
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of course the converse of the argument which suggests that an
elevated DNA content points to an increase in the proportion of
cells which are synthesising DNA, If the two other conditions in
which there may be immunoclogic deficiency are considered together,
i,e, Whipple's disease and colonic histiocytosis, the mean
lymphocyte DNA content for the four patients is 0,572 pg DNAP per
106 cells. This value is significantly lower than control values
at the five per cent level, Because of this low mean value and
repeated low values found in one patient with Whipple's disease
who attended regularly for routine clinical surveillance,
chromosome analysis of the lymphocytes was carried out. Normal
male karyotype was found Wi%h no evidence of a hypodiploid lines
however, one member of the D.group chromosomes had a deleted short
arm. Expert opinion (Ferguson-Smith, 1970) was thét this was a
possible rare normal variant, To date it has not been possible
to test for this abnormality in other pafients with Whipple's

disease.

RNA and RNA/DNA ratio results,

Rheumatoid arthritis.

The data on the RNAP content lymphocytes, supported by the

calculated ratio RNAP/DNAP of the cells, is regarded as



Table 20

The mean RNAP/DNAP ratio of the blood lymphocytes summarised from

a series of studles in patient and normal groups.

Condition Number in Mean
group RNAP/DNAP
*
Neoplasm 6 0.42
*
Lupus erythematosus 8 0.38
*
Sjogren's syndrome 8 0.37
b1
Rheumatoid arthritis 39 ' 0.35
Sicca syndrome : 8 0.33
Thyrotoxicosis 34 0.32
Infection 9 70.31
Normal - 60 0.27

The mean values for the ratio of lymphocyte RNA phosphorus to
DNA phosphorus are corrected to two gignificant figures. The values

marked with an asterisk are mean values significantly greater than the

normal,.
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unecuivecal evidence that the average RNA'content of the blood
lymphocytes in patients with rheumatoid arthritis is increased.
Although twenty-three out of thirty-five patients had lymphocyte
RNAP/DNAP levels within the two standerd deviation normal Tange,
in only one patient (a patient with sero-negative probable
rheumatoid arthritis) was the mean lymphocyte RNAP/DNAP ratio
below 0,27, the mean for normal individuals, Backing for the
reality of these changes comes from the correlation of the RNAP/
DNAP ratio and cell diameter measurements in Section 3.13. This
is evidence that there are alterations to the peripheral blood and
that an artefact of the cell sevaration procedure has not produced
the abnormal ratios,

The work of Leventhal, Waldorf and Talal (1967) has suggested
that depressed lymphocyte function is a feature of rheumatoid
arthritis. More specifically, these authors, in their study of
classical rheumatoid arthritis, found that the lymphocytes from
eight out of seventeen patients (47 per cent) gave an abnormal
in vitro transformation response to either phytohaemagglutinin or
streptolysin O, In the present resuits, eleven out of twenty-
four patients with definite rheumatoid arthritis (46 per cent)
had lymphocytes with an abnormal mean RNAP/DNAP ratio. It is not
of course legitimate to link the functional and chemical
abnormalities in two independent series of patients but their
frequencies are remarkably in accord.

It is difficult to be certain that drug treatment has not
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influenced the regult of the analyses. Patients on no therapy
are the group with the lowest average lymphocyte RNAP/DNAP in
Table 10 where different therapeutic regimes are compared.,
However, the untreated group tend to have less active disease than
those on salicylates or steroids, but even so the patients not on
treatment have a mean RNAP/DNAP ratio significantly greater than
normal. Also convinecing is the high level of the lymphocyte
RNAP/DNAP in patients on salicylate therapy alone, Salicylates
are not known to have any direct action on the lymphocyte nucleic
acids although the site of action may be interference with the
supply of ATP to the cell. The anti-inflammatory action of the
drug is not understood (Smith, 1959). An immuncsvppressive
action is only apparent at very high dosages (Jager and Nickerson,
1947) and it is worth recording that nucleic acid measurements
carried out on a patient with salicy¥late overdosage were within
normal limits, Steroids might be expected to raise the average
RNAP/DNAP of the lymphocytes initially by virtue of their cytolytic
action on the smaller cells and data to be presented in the study
of renal transplantation confirms this, at least for the high
dose levels of prednisone which are necessary for initiation of
immunosuppression, Evidence that lymphocytolysis conlinues on
the more usual maintenance dosages is lacking. In the small
study reported in Section 3.12 no changes occurred in the blood
lymphocyte RNAP/DNAP ratio as therapy with 20 mg per day of

prednisone was started.
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The action of steroids on human lymphocyte nucleic acid
metabolism is a dose related inhibition of DNA and RNA synthesis
(Tormey et al, 1967), and since active DNA synthesis is very
limited in blood lymphocytes, a fall in the BNAP/DNAP ratio could
therefcre result in long~term therapy. IFor three reasons then,
the dbnormalities in untreated patients, the absence of an effect
on the lymphocytes of high salicylate dosage, and the observed
as well as the theoretical effects of moderate levels of steroid
dosage, it is considered unlikely that the abnormalities
demonstrated in the lymphocyte RNA/DNA ratio are the result of
drugs alone,

It is concluded *that fhe average RNAP/DNAP ratio of the
lymphocytes is increased in rheumatoid arthritis as part of the
disease process or the reaction to it, and this implies that there
is an increase, either absolute or relative, in the number of the
larger lymphocytes circulating in the blood in these patients;

The observations of Papamichail, Brown and Holborow (1971) referred
to earlier, that the percentage of IgG bearing lymphocytes in the
peripherai blood, regarded as B-lymphocytes, is twice the normal

in patients with definite active rheumatoid arthritis, are relevant,
B-lymphocytes may carry more RNA than T-lymphocytes; an increase
in the proportion of the former could account for the impaired
phytohaemageglutinin response of the blood lymphocytes and the
altered RNAP/DNAP ratio, Atypical mononuclear cells of the type

described by Crowther et al, (1969) may be contributing to the



121

elevated RNAP/DNAP ratio, and could be of the B-lymphocyte line.
No correlation has been found between the lymphocyte count and the
RNAP/DNAP ratio of the cells and it has not been possible to
distinguish beiween an absolute or relative increazse in the number

of larger cells.

Sicca syndrome and Sjdgren's syndrome,

Knowledge of the mean lymphocyte DNA content in sicca syndrome
and Sjdgren's syndrome allows use of the lymphocyle RNAP/DNAP ratio
of the cells as a measure of their RNA content.

A positive answer has been obtained to the first of the two
questions posed in the introduction; abnormalities of the
lymphocytes have been demonstrated in Sjﬁgren's syndrome bulb are
only rarely present in patients with sicca syndrome. Tt appears
unlikely that this difference has resulted from drug therapy.

Information on the second question, that of a difference of
degree of abnormality between sicca syndrome and Sjpgren's syndrome,
is contained in the statistical comparison of each condition with
control values (Table 11). Sjégren's syndrome shows a
significantly elevated lymphocyte RNAP/DNAP ratio while sié;a
syndrome does not, Comparison between two conditions, one showing
marked abnormality in circulating antibodies and the other

combining abnormal circulating antibodies with the presence of a
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collagen disease, is of theoretical interest and a table hasg been
prepared (Table 21) which compares data of the present study with
that from a similar group of patients in the U.S.A.

Three disease categories are included in the table, sicca
syndrome, sicca syndrome with rheumatoid arthritis (Sjégren's'
syndrome), and rheumatoid arthritis without sicca syndrome. The
present results on the mean blood lymphocyte RNAP/DNAP ratio are
compared with the published data of Leventhal, Waldorf and Talal
(1967) on the in vitro response of the blood lymphocytes to
phytohaemagzlutinin as well as streptolysin O measured by per cent
transformation, Also tabulated are the results by these authors
of the skin hypersensitivity response to dinitrochlorobenzene
(DNCB), failure of the patient to become sensitized to the chemical
after skin application is recorded as an abnormal response, The
disease categories in the study by Leventhal and her group were
defined in the same way as has been foliowed in the study of
lymphocyte nucleic acids, except that classical rheumatoid
arthritis is required for inclusion in the rheumatoid arthritis
group in the American study. Patients with probable and definite
rheumatoid arthritis were included in the group studied by
lymphocyte nucleic acid determination, Patients in this last
group numbered twenty-three and were drawn from the previous study
on rheumatoid arthritis,

A1l of the tests show uneven distribution of abnormality

between the three patient groups, Abnormalities are mogt frequent



Table 21

The frequency of abnormal trindings in gicca syndrome, Sjogren's
syndrome and uncomplicated rheumatoid arthritis, comparing lymphocyte
nucleic acid analyses with published results for in vitro transtformation

studies and skin sensitivity tests (Leventhal et al, L9v7).

Teat Siceca Sjogren'sRheumatoid ; Normal

syndrome syndrome arthritis ?nd;vidgal:

. ) i
Number of tests 8 8 | ¥01 : 59

Lymphocyte % ‘ |
REAP /DNAP Number abnormal 2 . 4 6 1 0
per cent abnormal 25 50 26 : 0
Number of tests 13 12 : 17 ; 20
PHA response Number abnormal 4 2 9 ; 4 f 0

Per cent abnormal 31 75 ' 24 ;

e T = o - E

Streptolysin O Number of tests 13 12 | L7 ; 20
Tesponse Number abnormal 4 ! 8 : 8 f 2
Per cent abnormal 31 67 47 f 10
Number ot tests 9 9 ' 15 i 17

} . : |
DNCB .?gl? Number abnormal 4 8 5 ! 1

sensitivity ;
Per cent abnormal 45 89 33 1 6

The ftrequency of abnormal tests in the present lymphocyte analyses
ig compared with the frequency with which the in vitro responge to the
two mitogens phytohaemagglutinin and Streptolysin O are abnormal and the
frequency of failure to become gensitised to skin application of dinitro-
chlorobenzene,
¥Thig group is limited to patients without any of the features which

sugeest sicca syndrome or Sjogren's syndrome,
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in patients with Sjdgren's syndrome and are at a lower freguency
in both sicca syndrome and uncompliczted rheumatoid arthritis.
This obszervation held for the results obtained in the present
series of patients, so in addition to the functional abnormality
of the lymphocyte pointed out by the American study, there would
appear to be a greater proportion of lymphocytes with a high aNA
content in Sjdgren's cyndrome than in uncomplicated rheumatoid
arthritis or sicca syndrome, This was not statistically
significant however by the:K_z test nor were the mean values
significantly different on intercomparisons by t-test. Some
tests show more abnormalities than others, thus the failure of
DHCB to sensitise skin was-the most frequent of the abnormalities,
although it should be noted that some control individuals responded
abnormally to the test, The mean lymphocyte RNAP/DNAP ratio of
the blood lymphocytes was the test with the lowest ffequency of
abnormal results, but a direct comparison cannot be made with the
other tests since different patients were studied. None the less,
when account is taken of the percentage of abnormalities in the
control group’the freouencies of abnormal responses to streptolysin O
and to PHA are of the same order as the percentage zbnormelities of
lymphocyte chemistry,

Some authors consider that the in vitro transformation response
meagsures the potential effectiveness of both cellular and antibody
response (Benezra, Grey end Davies, 1969) and the conventional

view now is that the ability of lymphocytes to respond to the non-
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specific stimuli of PHA and perhaps to streptolysin O relates to
the functional capacity of the T-lymphocytes. Leventhal's group
found a poor correlation between a failure of DKCB to sensitize
the skin and an abnormal in vitro response of the patients!?
lymphocytes to the mitogens. Their suggestion that the two
tests might be measuring different parameters of lymphocyte
function is not in line with the conventional viaw, However,
other investigators have found a good correlation between failure
of skin sensitization and an impaired PHA transformation response
in other diseaseé, for example primary biliary cirrhosis (Fox,
James, Scheur, Sharma and Sherlock, 1969). On the present
information it is reasonaﬁle to accept normal skin sensitization
specifically and a normal lymphocyte phytohaemagglutinin response
legs specifically, as measures of the integrity of the delayed
hypersensitivity response.

To the acknowledged presence of impaired lymphocyte function
in Sjogren's syndrome, the present contribution has been to
demonstrate that there is an abnormal lymphocyte constitution in
this disease, Once again it is not possible to decide whether an
excess of large lymphocytes, possible B-lymphocyte or a relative
or absolute deficiency of T--lymphocytes, are directly related to

the abnormal mean lymphocyte RWAP/DNAP ratio in the disease.
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Thyrotoxicogis.

The finding that thyrotoxic patients whose sera were positive
in the LATS bio-assay had statistically significant chemical
abnormality in their blood lymphocytes, is confirmation of
Hernberg's observation (1954) of morphological abnormality of the
lymphocytes in thyrotoxicosis,. That the difference was not
significant when all the untreated thyrotoxic patients were
included in the comparison with normal control subjects is an
indication that the changes in the lymphocytes are small, In the
present measurements, including all the thyrotoxic patients, the
mean lymphocyte RNAP/DNAP ratio was increased by an average of
T+«5 per cent over normal control values, The results recorded
by Hernberg for the mean-cell diameter of normal lymphocytes
(11.70 microns) and for the mean cell diameter of thyrotoxic
lymphocytes (12,42 microng) differ by 6.2 per cent. Hernberg's
data was presented graphically and a statistical analysis was not
carried out, Geometric consideration might suggest that the cube
or square of the cell diameter would be the important value, but
the similarity of the magnitude of abnormality between the cell
dismneter measurements and the chemical analysis is in accord with
the correlation between lymphocyte diameter measurements aﬂﬁ the
mean cell RW/P/DNAP ratio esteblished in the section on rheumatoid
arthritis (Section 3.13). That the absolute values for blood

lymphocyte diamelteors recorded in Section 3.13 are lower than
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Hernberg's observations is of little consequence since the actual
diameter depends on the method of preparation end staining of the
blood film,

Close examination of the data from De Groot and Jeksina (1969),
that ié their comparison of the phytohaemagglutinin response of
lymphocytes from thyrotoxic patients and normal lymphocytes, shows
a trend towards an increased radioactive thymidine uptake by
lymphocytes from patients with thyrotoxicosis on exposure of the
cells to mitogen, Once again the differences between patients!?
values and control values were smally +the average percentage
uptake of label was 1,38 for control lymphocytes and 2,07 for
lymphocytes from thyrofoxio-patients, and this difference of the
means did not reach statistical significance,

The possibility of an abnormality in the lymphocytes in some
patients with thyrotoxicosis is an expected finding since, as was
outlined in the introduction, there is evidence of immunological
abnormality in the digease, The total lymphocyte counts obsexrved
in the untreated thyrotoxic patients in the present study are in
the middle of the accepted range for blood lymphocyté numbers,
i.e. 1500 to 3500 cells per cubic mm, and once again the likely
explanation of the eleyaﬁed RKAP/DNAP ratio found in the lymphocytes
from thyrotoxic patients is'an increased proportion of the larger
cells in the blood. Perheaps here thére is only a small increased
proportion of circulating B-lymphocytes, a possibility which is

supported by the finding of De Groot and Jaksina and by the present
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observations on patients with sera positive in the bio-assay for
the immunoglobulin LATS.

The data presented in Table 14 and in Section 3.20 suggests
that the abnormality of the lymphocytes is intensified following
radio-iodine therapy; the mean lymphocyte RNAP/DNAP ratio tends
to increase although not significantly over the pre-treatment
value, while the lymphocyte count is unchanged. Release of
antigen by the radiation damazged thyroid gland could be the
explanation of an intensified immunological reaction following
radio-iodine therapy. Thus, Einhorn, Fagreeus and Johnsson (1965)
showed that antibodies to cytoplasmic antigens but not to thyro-
globulin were more frequenfly found in patients afier treatment

for hyperthyroidism with 1131

than berore treatment, This rise
in the number of patients with antibody was temporary and most
marked in the first year following treatment. It is established
that the likely cause of post-irradiation hypothyroidism following

I131

therapy in thyrotoxicosis is damage to thyroid cell nuclei
which renders the cell incapable of division so that cell
replacement is halted and the number of active cells decrsases
(Greig, 1966), It also remains possible in view of the antibody
studies and the present results, that the immunological disease
may continue aflter the hormonal disorder has been corrected,

The data following surgical treatment is limited in the

present study, but once again there appears to be evidence of

greater abnormality of the lymphocytes after therapy than before
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it,. Of interest here are the observations that the tendency for
patients thus treated to become myxoedematous is correlated with
the degree of lymphocytic infiltration of the gland (Whitesell and
Black, 1949) and with the presence of thyroid antibodies in the
serum (Buchanan, Koutras, Crooks, Alexander, Brass, Anderson,
Goudie and Gray, 196é).

The possible effect of the antithyroid drug Carbimazole
requires consideration in view of the results in Table 14, Once
again the lymphocytes in drug treated patients show an elevated
RNAP/DNAP ratio. In this case there may be an associated
reduction in lymphocyte count (Section 3,21) although the point
is uncertain in view of the’very limited data. An extra~thyroidal
action of thiouracil drugs has been postulated previously. Borell
and Holmgren (1948) demonstrated a decrease of oxygen uptake of
thyroidectomised rat tissues on exposure to methylthiouracil, but
this was not confirmed in rat kidney slices (Braverman and Ingbar,
1962). It is of considerable interest that a study of the thymus
in thyroid disease carried out in 1967 (Michie, Beck, Mahaffy,
Honein and Fowler) revealed that thymic atrophy occurred following
treatment of patients with thyrotoxicosis with antithyroid drugs.
The implied repression of thymio dependent lymphocytes offers an
explanation for the significant elevation of the lymphocyte RNAP/

DMAP in patients on this form of therapy.
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Lupus erythematosus,

It is clear from the introductory review of the pathogenesis
of lupus erythematosus that circulating antibody and resultant
immune complzx formation are of paramount importance in the disease
process, The significant elevation of the blood lymphocyte RNAP/
DNAP ratio recorded in Section 3,22 indicates that the circulating
lymphocytes may be distinctly abnormal, four of the eight patients
had a ratio above the normal range, Since the principal
immunological abnormality is of antibody formation, once again the
possibility of an increased proportion of circulating B~lymphocytes
has to be considered, It is possible that these are present as
atypical mononuclear cells or, less likely, plasma cells in the
peripheral blood, The possibility has not been tested in the
present study, but descriptions of the disease do not include
reference to this type of abnormal cell in the blood,

A single report of the response of the lymphocytes to
phytohaemagglutinin has appeared in the literature, a study of
fourteen patients with systemic lupus erythematbsus (Patruoco,
Rothfield and Hirschhorn, 1967). The measurements of the blast
cell response to the mitogen were not significantiy differe?t from
normal although the mean response was slightly impaired and there
was a blast response to native DNA, This evidence might suggest
that the thymic dependent cell function is normal in systemic

lupus erythematosus. The method of assessment of lymphocyte
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transformation used by these authors was measurement of percentage
transformed cells and their data less conclusive since their
measuremnents on lymphocytes from patients with rheumatoid

arthritis were also within the range of normal,

Infection,

The mean RNAP/DNAP ratio of the blood lymphocytes recorded
for the patients with infection is less markedly elevated than
that observed in conditions such as neoplasm, systemic lupus
erythematosus, Sjdgren's syndrome and rheumatoid arthritis
(Table 20) although the ratio is just significantly greater in
patients with infection than in normal individuals. The data
support observations of altered morphology of the lymphocytes in
infection which have been outlined in the introduction. The
group of patients with infectioﬂ show a relatively minor
abnormality of their lymphocytes, of interest since in uncomplicated
and acute infection the response of the host is mainly directed
to antibody formation, Germinal centre formation and the
appecrance of plasma cells at cortico-medullary junction and
medullary cords of the lympb nodes are the specific featuréé of
humoral antibody formation (Turk, 1967) the development of which
(although not the initiation) is a function of the thymus

independent B-lymphocytes, The demonstration of atypical mono-
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nuclear cells in the blood detailed earlier is a well recognised
feature of this response, The present results have shown that
the measurement of lymphocyte RNAP/DNAP ratio is sufficiently
sensitive to show up alterations to the blood lymphocytes in
patients with infection although the timing of the blood sampling

has not heen optimum,

Neoplasm,

The group of patients with neoplasm heads the list of patient
groups drawn up in Table <0, as the condition with the most marked
chemical abnormality of the lymphocytes, Inspection of the
individual results in Appendix 8 shows that the RNAP/DNAP ratio
regsults recorded in patients with carcinoma associated with
secondary spread, up to 0,51, are the highest values recorded in
the entire study. The only comfarable values were found during
rejection of renal allografts and will be reported in Section 4.
In their review of tumour immunology, Meuwissen, Stutman and Good
(1969) are strongly of the belief that tumour destruction is a
cell mediated immune reaction, Their evidence is extensiﬁe,
based mainly on experimental tumour transplantation work although
backed by the circumstantial evidence of the association of
immunological deficiency, either naturasl or iatrogenic, with an

increased incidence of malignancy in man.



Meuwissen et al. (1969) have drawn attention to cases in which
a tumour was accidently transplanted in man during allograft trans-~
plantation to hecome widely disseminated during immunosupvressive
therepy, only to regress again when immunosuppressive therapy was
withdrawn (Wilson, Hegar, Hampers, Corson, Merril and Murray, 1968),
The observation that the only twe patients with localised carcinoma
in the study had near normal lymphocyte chemistry raises the
guestion whether the abnormality of the lymphocytes arises as a
result of the tumour or whether a deficiency of immunocompetent
T-lymphocytes is the prelude to metestatic tumour spread, The
small study of the lymphocytes in malignancy presented here was notl
intended to answer this quéstion, however, within the iimits set
by the measurement of average cell nuclei acid content, the
lymphocytes are near normal in the presence of neoplasm without
metastatic spread and are grossly abnormal when metastatic spread
has occurred, Turther, the presence of metastatic spread may be
associated with a low blood lymphocyte count,

The evidence that the phytohaemagglutinin response is impaired
in malignancy has been documented in the introduction, an
indication of functional impairment of thymus dependent cells,

The present results show uneguivocal elevation of the RNAP/DNAP
ratio of the circulating lymphocytes in the presence of metastatic
neoplasn, If it is the case that T-lymphocyte depletion accounts
for these results this would have important implications for the

effectiveness of immunosurveillance mechanisms,
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IMiscellaneous group.

Diseases in the miscellaneous group were not anzlysed
individually because of the limited numbers of patients with any
one disease, However, the results recorded in full in Appendix 9
do provide an essential background for interpretation of other
studies. The results will be teken in descending order for the
ratio RNAP/DWAP, the order listed in Table 18, allowing brief
comment on each condition,

The lymphocyte nucleic acid content in acute leucaemia has not
been extensively measured either previously or hére, but the single
value of 0,40 for the RNAP/DNAP ratio in the table is in keeping
with the findings of Rigas.et al. (1956), The range of RNAP/DNAP
ratio found by Rigas and colleagues was 0.46 to 0,40 in four
analyses in patients with acute leucaenmia, values well above those
anticipated in normal lymphocytes and appropriate to the
morphologic appearance of the blast cells of the blood in acute
leucaemia.

The average RNAP/DNAP ratio of the lymphocytes from the two
patients with ulcerative colitis, 0,36, is above the average value
fof normal individuals, Whether this is an indication of
abnormality in the lymphocytes is‘uncertain, and further study of
this cendition might reveal a significant abnormality, Similar
comments apply to the results found in the very limited studies of
macroglobulineemia, sarcoidosis and Crohn's disease. The only

RNAP/DNAP results slightly above the mean for normal individuals
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and lacking a known or suspected abnormality of immunity, is the
single result from a patient with salicylate overdosage. Chenge
in the blood lymphocytes induced by stress could account for this
result since the overdosage was self-administered, and an increase
in the size of the circulating lymphocytes mey be acssociated with
stress in man (Frank and Dougherty, 1953).

Interest in the results in Whipple's disease centre on the
DNA measurements and these have been discussed. The values for
the RNAP/DNAP ratio in patients with pemphigoid, colonic histio-
cytosis, acne, osteoporosis, osteomalacia, and one wesk after
typhoid and paratyphoid immunisation, are close to the results in
normals. This last observation is of interest since minor changes
in the morphology of the blood lymphocytes have been reported
following such immunisations (Crowther, Hamilton, Fairley and
Sewell, 1969). The changes appear to affect only a small
proportion of the circulating lymphocytés, atypical cells
constituting at most five per cent of the lymphoid cells in the

study of Crowther et al.(1969).
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Measurement of DNA and RNA in Human
Peripheral Blood Lymphocytes

- A.C. A Glen*

A method is described, modified from a published technic, for obtaining lymphocytes
from human peripheral blood. The cell preparations containing greater than 90%
lymphocytes were analyzed for their DNA and RNA content, using a modified Schmidt-
Thannhauser procedure. The peripheral blood lymphocytes of 40 normal adults were
examined, and normal values established for the 2 compounds, The mean Iymphocyte
DNA was 0.73 pg DNA phosphorus per million cells, and the mean lymphocyte RNA
was 0.19 pg RNA phosphorus per million cells. These values are consistent with re-
sults published for human leukocytes. The ratio RNA phosphorus:DNA phosphorus is
proposed as a reliable index of changes in the RNA content of the blood lymphocytes.

TI—IE vyarE0oCYTE of the peripheral blood is a cell of cousiderable in-
terest. Its exact function is unknown, but it is closely involved in the
mechanism of hiomograft rejeetion (£), and in cellular immunity of the
delayed hypersensitivity type, and hence it appears implicated in the
processes of autoimmune discase (2). Study of the lymphoceyte is compli-
cated by the considerable variation which oceurs in the morphology of
the cells. Wintrobe states (8) that the Iymphoeyte is generally small
(10 w), but larger forms (10-20 yx) arc common. Atltempts to be more
precise in elassification of the cells have met with difficultics, Wiseman
pointed out the considerable difference in size between fixed cells and
those vitally stained (4), and deeided on the degree of cytoplasmie
basophilia as a more satisfactory means of classification. Other classifi-
cations have been used by Reich and Reich (5), Kristenson (6), Hern-
berg (7, 8), and Torelli et al. (9), but in each casc the criteria have been
subjective, and sometimes laborious, where muliiple eell measurements
had to be taken. The present work desceribes the use of the measurement
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of DNA and RNA in pervipheral blood lymphoeytes as an objective
description of the cireulating lymphoeyles. An additional reason for
underiaking these studies was that, although there have been measure-
ments carried out by microdeusitometry of the amount of DNA in
human blood cclls relative to eells of other organs (10), and the absolute
DNA and RNA content of human leukoeytes has been determined by
Davidson ef al. (11), no values exist in the literature for the absolule
levels of DNA and RNA in human lymphoeytes carried out by chemical
means. The establishment of a range of normal values for these com-
pounds was a necessary preliminary in the investigation of variations
which might occur in disease, particularly those involving immune or
autoimmune states. '

Materials and Methods
The Isolation of Lymphocytes from Peripheral Blood

The method of Coulson and Chalmers (72) for the separation of
human lymphoeytes from peripheral blood was modified in order to in-
crease the purity of the lymphocyte yield and {he convenience of sample
collection. The use of ethylenediamineleiraacetic acid (JNDTA) as the
anticoagulant avoided the need for immediate defibrination of the blood
sample, a disadvantage of the original method. Defibrination is re-
tained, however, as a step in {he separation, since the fibrin clot selee-
tively traps and removes polymorphonuclear leukoeytes. The procedure
was used after the bulk of the red cells had been removed, and the
selection was therefore more efficient. In the method, an aqueous solution
of gelatin prepared from lime-processed hides was mixed with the blood
to accelerate red-cell sedimentation. This gelatin has a high content of
calecium ion (8.0 mg./100 gm. of the solid), so that an inerecase in the
amount of ILDTA anticoagulant was required for the modified method.

Reagents

1. ““Repelcote”™ 2% solution (w/v) of dimethyldichlorosilane in
carbon tetrachloride.

2. 0.11 M ethylencdiaminctelraacetic actd 4 om. of the disodium

galt per 100 ml. water, brought to pIT 7.4 with 4N potassium hydroxide,
to give a solulion of 40 mg. INDTA per milliliter.
3. 0.10 M calcium chloride 1.10 gm. anhydrous salt per 100 ml.
in 0.05 M sodium chloride (4.0 mg. caleium per milliliter).
4. Gelatin A 3% solution (w/v) in 0.15 M sodium chloride. The
gelatin was No, 277 and No. 66003.* The solution must be freshly pre-
pared.

*Gelatin and Glue Research Association, Warwick St., Birmingham 12, Eugland,
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5. 0.15 B sodiwmm chloride
G. 0.30 M sodium chloride

Method

A total of 20 ml. of blood was collected from a vein and run into a
polystyrene tube containing 1 ml. of the IKEDTA. solution. After mixing,
6.0 ml. of the gelatin solution was added, and {he solution mixed again.
The diluted blood was then transferred to a siliconized tube and stood
at a {emperature of 37° for 30 min., during which fime the mixture
separated into 2 visibly distinet layers. The whole of the upper layer,
freed from the bulk of the red cells, was removed to a H0-ml. conical
flask fitted with a stirring rod suitable for defibrination (i.e., with a
wire paper elip fixed on ifs end). Caleium chloride solution (2 ml.) was
added and defibrination carrvied out by swirling. After approximately
15 min., when defibrination was complete, 3 ml. of the EDTA solution
was added and the suspension removed to a centrifuge tuhe. The cells
were then spun down by centrifugation at 350 g (1400 rpm in a head of
16-em. radius) for 10 min. The lymphocytes sedimented as a small
button tinged with red, there being some red-cell contamination at this
stage.

It was convenient to maake a smear of the sediment by spreading a
small sample on a glass slide; the fixed and stained preparation was
then used to assess the contamination with white cells other than
Iymphoeytes. The red cells were removed by a process of osmotie shock,
lymphoceytes being relatively resistant fo hypotonie conditions. Ice-
cold distilled water (2 ml.) was added to the cell button, the cells heing
suspended and Teft for exactly 15 see. Normal tonicity was then restored
hy the addition of 2 ml. of ice-cold 0.30 M sodium ehloride solution, and
the cells maintained thercafter at 4°. Centrifugation at 125 ¢ (900 rpm
in the 16-cm. head) again gave a cellular button, this time gray-white
in color. The hemoglobin {from the lysed red cells remained in solution
and was removed by Pasteur pipet together with a thin layer of red-
cell ghosts overlying the compact button ,

The Iymphoeytes were then suspended in 2.5 ml. of 0.15 M soqium
chloride solution. Some elumping of the cells was occasionally observed.
This was reduced by the use of 0.15 M saline containing 5 ml. of the
15DTA solution per 100 ml. to suspend the cells. Clumped cells were
removed by allowing them to sediment to the bottom of the tube on
standing for § min. The suspended cells were then collected by Pasteur
pipet, and a cell count was carried out by adding 0.1 ml. of the cell
suspension to 1.0 ml. of a 1.5% acetic-acid solution tinted with methyl
violet, using accurate pipets for the dilution. The cells were counted in
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an improved Neubauer counting ehamber. Usually about 12 million eclls
were obtained from 20 ml. of blood, representing a yield of 20% of the
lymphoeytes. A minimum of 2 million cells was required for reliahle
estimation of nucleic acid in the sample so that a 10-ml. sample of
peripheral blood would in most cases give a satisfactory yield of cells.
Reduced volumes of blood were used on some oceasions, with appropri-
ately adjusted reagent volumes, but in general a 20-ml. sample was
used. Most cell preparations contained at least 95% lymphoeytes, the
contaminating cells being mainly polymorphonuclear leukoeytes, with
occasional eosinophils. The few cell suspensions with less than 90%
purity were regarded as unsuitable for chemical analysis and were
disearded.

The Separation of RNA and DNA

The method emploved was essentially that of Schmidt and Thann-
hauser (73) as modified by Fleck and Munro (74), omitting extraction
with lipid solvents (z5), and using Schneider’s modifiecation for extrac-
tion of DNA (76). The procedure makes use of the hydrolysis of RNA
in dilute alkali, as a means of rendering it acid soluble, under conditions
in which DNA and protein are stable. Reacidification allows separation
of the acid-soluble polynucleotide derived from hydrolysis of the RNA,
from the acid-insoluble residue DNA and protein. The DNA protein
fraction may then be treated with hot perchloric acid to extract the
DNA. Considerable reduction in seale from the standard procedures
was required to give sufficient sensitivity for measurement of the small
amounts of nueleic acid present in the samples of lymphoeytes. Mag-
nesium chloride (0.05 M) was included in the reagents used for nueleic
acid precipitation, as Mg*+ facilitates the precipitation of ribonucleic
acid (17).

Reagents

1. 1.2N, and 0.6N, and 0.2N perchloric acid (PCA) —~ Bach made up
in 0.05 M magnesium chloride.

2. 0.5N perchloric acid (PCA) in distiled water

3. 0.3N potassium hydroxide

Procedure

All manipulations were carried out at 4° unless otherwise stated. The
sample, containing a known quantity of lymphocytes between 2 X 10°
and 20 X 10° cells, was pipetted into a 4- X 0.5-in. centrifuge tube,
usually in 2.0 ml. of 0.15 M sodium chlovide. To this was added one-half
volume of 0.6N PCA, making the mixture 0.2N in PCA. The suspension
was left for 10 min,, then centrifuged for 5 min, at 500 g, The superna-
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tant was discarded and the pellet resuspended in 0.2N PCA. Centrifuga-
tion as before, followed by resuspension and recentrifugation, gave a
pellet washed twice in PCA. Iixcess of acid was carefully drained from
the pellet, which was then treated with 0.5 ml. of 0.3N potassium hy-
droxide, and incubated at 37° for exactly 1 hr.

At the end of the incubation period the solution was cooled to 4°, and
0.25 ml. of 12N PCA added. After the solution had stood for 10 min,,
cenrifugation at 500 g for 5 min. was carried out, the supernatant being
transferred to a graduated tube. The precipitate was washed twice
with 0.75-ml. volumes of 0.2N PCA, the washings being added to the
graduated tube. The pooled supernafant and washings were made up
fo a volume of 2.5 ml. with 0.2N PCA, giving the RNA fraction in 0.2N
PCA. 1t is advisable to ascertain that the 2.5-ml. graduation on the
{ubes is accurate.

The washed precipitate which contained the DNA together with
cellular protein was treated with 2.0 ml of 0.5N PCA and incubated at
80° for 10 min., then cooled to 4°, allowed to stand for 10 min., and
contrifuged for 5 min. at 500 g. A 1.5-ml. portion of the supernatant
was removed and mixed with an equal volume of 0.5N PCA to give the
DN A fraction in 0.5N PCA. '

Measurement of RNA

Measurement of the RN A confent of the separated RNA fraction was
conveniently carried out by determining the absorbance at 260 my of
{he acid-soluble material obtained by alkaline digestion of the tissue.
A small amount of profein may be made soluble by the alkaline-
digestion” procedure, and this polypeptide will contribute to the ab-
sorbanee at 260 mu. A correction may be made for this error, provided
that the specific extinetion of the contaminating material is known, as
well as ifs econeentration. As an alternative to protein assay, a correc-
tion for protein contamination may be made by application of a 2 wave-
length correclion (74). This necessitates the preparation of a sample of
the {issue RNA 1o obtain values for the specific extinetion coefficients at
2 seleeled wave lengths, together with knowledge of the specific ex-
finelion coefficients of the contaminating polypeptide. A sample of
human lymphoeyte RNA was obtained by the method of Digirolamo
et al. (18), and the purified polypeptide prepared following the technic
of Tleek and Munro (14).

Correction by Protein Estimation

Lymphoeytes were isolaled in quantity from human blood discarded
from the heart-lung machine, "T'he polypeptide prepared from them had
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a maximal absorption al 275 my, and a minimum at 260 my. The specifie
extinetion coeflicient K' ™ 0w for a solution of the polypeptide in
0.2N PCA containing L ug. protein per milliliter was 0.00075 absorbance
units. Protein was measured by the method of Lowry el al. (19), and
this factor was used to correct the extinetion at 260 my of the RNA frac-
tion for its measured protein confamination. Bovine serum albumin
was the referenee standard (bovine serum albumin Fraction V from
Armour Pharmaceutical Company, Iingland).

Correction by 2 Wave Lengths

Purified human lymphoeyte RNA had, after alkaline digestion and
solution in 0.2N perchloric acid, a molar extinclion coeflicient with
respeet to phosphorus (20) of 9200 at 260 my with a I-om. light path.
This solution had a maximum at 262 my and a minimun at 235 my. The
atio of the extinetion at 260 my to the extinetion at 280 my was 1.3.
Unhydrolyzed RNA had a similar spectrum except that the maximum
was at 260 my. There was no detectable protein contamination of this
purified RN A, but since some minor protein contamination was to be
expected in the fraction obtained by the modified Schmidt-Thannhauser
procedure described above, correction factors were caleulated as follows.
The corrected RNA concentration, cRNA (74), of a solution is given
by : :

cRNA =4 -E,—B-E,
where I, and F, are the absorbance measurements of the solution made
at 2 wave lengths \; and \,. 4 and B are constants, depending on the
extinetion coefficients of the pure RNA and of the contaminating pro-
tein. The selected wave lengths were A; = 260 my and A, = 232 mu. 4
and B are derived as follows:

A = 1 . B = i
— L PI o - P2 —
ry— To ., 1 P, o

r, and r, arc the specific extinetion coefficients of the lymphoeyte RNA

- ab h, and ), ; these values are 0.296 at 260 my and 0.182 at 232 my for a

solution in 0.2ZN perchloric acid containing 1 ug. of RNA phosphorus
per milliliter. P,/P, is the ratio of the extinction coefficients of the pro-
tein contaminant at X\, and A,; a solution of the purc polypeptide in
0.2N perchloric acid gave the value for P7,/P, of 0.471,/2.241—i.c., 0.210.
Substitution gives the values of 3.876 for 4 and 0.812 for B, Thus

eRNA = (3.876 - EL ™ 550 0) — (0812100 e yn ) ug. RNA phosphorus/ml.

A reagent blank obtained by carrying a sample of saline through the
Sehmidt-Thannhauser separation gives small but significant extinetion
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valnes ol the 2 wave lengths used. Thus a reagent blank is used with
each bateh of analyses and appropriate correction made,

Measurement of DNA

The modified Schmidt-Thavuhauser procedure deseribed above was
n=ed to obtain the DNA fraction in 0.5N perchlorie acid. Measurement
ol the absorbance at 265 my was used {o estimate the DNA content (16).
The standard for these measurements was highly polymervized calf
thymus DN A (Sigma London Chemical Co.). The molar extinetion co-
elliciont £ 205 me was 9000 with respect Lo its phosphorus content, the
measurement being again in 0.0N PCA, a 1-ug. p per milliliter of solu-
tion of the DNA in 0.5N PCA having an extinction at 265 my of 0.308
after the usunal acid and alkali treatments of the separation procedure.
The wave length used represents the maximum for both the standard
and the lymphoeyte DNA. The separated DNA fraction was found to -
confain a small amount of dissolved protein so that a protein correction
was again applied. This was carried out as described under the meas-
urement of RN A, substituting the values applicable to the DN A meas-
urement (21).

(‘alf {hymus standard, of concentration 1 ug. DNA phosphorus per
milliliter, had an extinetion Z* ™ 205 me 0f 0.308 = 71 and E* “™ 232 1wy of
0.127 = #» in 0.5N PCA. Values used for the protein contaminant were
PPy = 0.224.

The corrected DN A concentration, cDNA, was given by:

¢DNA = (3571 B o™ a5 0) — (0.802- FLom oo 1) pg. DNA phosphorus/uml,

Again correclions to the extinetion values for reagent blank were made.
The method of Ceriotti (22) was also used for DNA analysis in some
experiments.

Results

lixperiments were carried out to assess the reliability of the methods
employed for the analysis of the nucleic-acid content of Iymphocytes.

A solution was prepared containing DNA, RNA, and protein in
amounts similar to those encountered in the analysis of lymphoeyte
preparations, The materials used were highly polymerized calf thymus
DN A, yeast RNA (from Pabst Laboratories, and purified by the method
ol Zytko el al. (23)) and bovine serum albumin. The phosphorus content
of the standard DNA and RNA solutions was determined in triplicate
(20) and the results compared with those obtained by the modified
Schmidt-Thannhauser procedure, measuring both DNA and RNA by
UV absorbance. Two wave length protein corrections were applied
using values appropriate for these materials, DNA was also measured
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by the Ceriotti (22) procedure. The results obtained ave shown in
Table 1. Adequate reproducibility is refleeted in the low standard
deviations of the recoveries. The Cerioiti method, with a mean re-
covery of 82%, was less satisfactory than UV absorbance, with 100%
recovery, for the measurement of DNA. UV absorbance measurements
of RNA gave an 86% rccovery.

When the Ceriotti and UV methods for DNA were compared using
Iymphoeyte preparations, a correlation coelficient of 0.97 was obtained
(Fig. 1). The relationship between the 2 methods was such {hat meas-
urement of DNA phosphorus in micrograms by the Ceriotti method
equaled 0.94 pg. DNA phosphorus by UV - 0.004. Thus, the Ceriotti
reaction gave consistently lower, but still well-correlated results when
compared with measurement by UV absorbance,

3-0-1

2

_‘g ¥ig. 1. Ceriotti method
S o (y axis) and that of
\".57‘20 ultraviolet absorbance aft
:c;_: 265 mu {x axis) for esti-
‘ gt, mating DNA in 22 sam-
£ ples from lymphoeytes
< (r = 097; ¥y = 094 x
% - 0.004),

o 1-0

<L

J 1 1
1-0 20 30
Mg.DNA Phosphorus wv)

Table 1. REcovery EXPERIMENTS WITH COMPARISON OF METHODS

Method of Mean Y recovery Qbserved range
analysis No. of analyses and 8.1, of recovery (%)
DNA by Ceriotti 14 82,0 & 9.4 65-98
DNA by UV absorbance 18 100.4 =+ 4.7 93-111
RNA by UV absorbance 19 86.4 =+ 4.5 75-100

Analyses were made on standard solutions of DNA, RNA and protein, carried out to assess
the recoveries obtainable by the methods of nucleie-acid measurement when compared with
phosphorus estimation of the pure solutions taken as 100%.
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The extinction af 260 mpy as a measurc ol RNA may be subject to
error owing to the presence of protein (24). Two methods of correction
for the error may be used: either direet protein estimation with sub-
traction of an appropriate amount (sce above) from the UV absorb-
auce, or correction by measurement at 2 wave lengths in the ultraviolet
spectrum, There is close agreement between the 2 methods (Fig. 2),
with a correlation coefficient of 0.96.

Measurement of DNA and RNA by UV absorbance, using the 2 wave-
length corrections for protein in cach case, were found to be.the most
convenient and reproducible methods, and were scleeted for all subse-
quent experiments.

The reproducibility of the entire procedure was examined by com-
paring lymphoeyte DNA and RNA values derived from duplicate
samples of blood obtained from 5 individuals, The mean variation for
the DNA measuremenis was = 6.0% and for RNA measurements
3= 8.8%. When the ratio RNA phosphorus/DNA phosphorus was caleu-
lated from these results, the mean variation fell to = 3.8%. These
findings express in part the error of cell counting. The RNAP/DNAP
ratio of the lymphocytes does not include this error, so the ratio is the
most reproducible of the estimates.

Samples from 1 individual, containing a range of cell numbers from
1.43 million to 14.3 million Iymphocytes, were analyzed. The individual
measurements of DNA and RNA gave lincar results over this range,
and the graph of estimated cells against their nucleic acid content
passed through the origin.

The nucleic-acid content of the peripheral blood lymphoeytes of 40
healthy individuals, 20 male and 20 female, was examined. The age
range was 18-66, with a mean of 29, for the males, and 18-77, with a
mean of 40, for the females. The results of the DNA and RNA analyses .
are summarized in Table 2. There were no significant differences be-
tween males and females in DNA, RNA, or in RNA/DNA ratio. The
mean value of the lymphocyte DNA in the male subjects was 0.74 ug.
DNA phosphorus per million cells, and in the females 0.72 g, DNA
phosphorus per million cells. The RNA results were 0.19 pg. and 0.20
pg. RNA phosphorus per million cells for the males and females, re-
spectively.

The peripheral blood lymphoeytes were analyzed at intervals over a
period of a year in 1 man (Iig. 3). During this period the DNAP/10°
cells result varied from 1.05 ug. to 0.62 pg., and the RNAP/10°
cells from 0.27 pg. to 0.13 ug. The variation in these 2 measurements
tended to be coincident, while the calculated ratio RNAP/DNAP of the
lymphoeytes showed less variation (0.20-0.30) than the individual RNA
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“and DNA values, particularly when the estimations were repeated alter
an interval of a few days. These 2 {indings supported the view that
much of the variability of the estimation was the result of errors in cell
counting.

Discussion

The modified cell-separation procedure has been fully deseribed, and
only details will be discussed. The first is the choice of gelatin that is
used lo accelerate cell sedimentation The eritical properties for this.
step are not known, and it is only possible to deseribe the characteristies
of a gelatin (No. 66003) which has proved satisfactory in practice. The
stated properties of the gelatin were: source, limed hide; bloom jelly
strength at 6.67%, 225 g; viscosity at 40° and 6.67%, 6.6 centistokes;
moisture content, approximately 14%. The gelatin was of recent manu-
facture, and similar to that used by Coulson and Chalmers (7.2). An
important detail of the modified procedure is that sufficient time must
be allowed after defibrination {o allow the f{ibrin strands to trap poly-
morphonuclear leukoeytes. The recommended period is 15 min., but this

207
Fig. 2. Measurement of
I¥ymphoeyte RNA by ul-
E= traviolet absorption show-
3 E o ing comparison of 2 meth-
5 4] . . .
.g_ ] ods of correction for
2 .
S 85 o protein error, RNA phos-
= 4,1-0 st é’
a s ﬁ'o phorus results ecorrceted
‘Z( £ ° by measurement of pro-
‘;‘é tein in 19 samples are
E4=] shown on y axis; and on
x axis, same samples cor-
reeted by 2 wave-lengths

! i ' procedure (r = 0.96; ¥y

10 20
Mg. RNA Phosphorus/ml. = 0.98 x - 0.01),
(Two-Wavelength Procedure)

Table 2. Tug DNA anp RNA ConTENT OF NORMAL IHUMAN LyMPHocyTrs

DNAP RNAP Ralio
(ip./10% celly) (ug./100 cells) RNAP/DNAP
Observed range 0.55--1.05 0.10--0.35 3.11-0.30
Mean 0.73 . 0.19 " 0.26
Standard deviation 0.12 0.06 0.06
Coefiicient of variation 16% 32% 2495,

Analyses were mado of the peripheral blood lymphocyles of 40 normal individuals (20 adult
‘males and 20 adult females), RNA and DNA are oxpressed as mierograms of DNA or RNA
phosphorus per million cells,
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should be inereased if' defibrination is slow, Lo maiutain the purily of
the Iymphoceytes The viability of the cells as tested by trypan blue is
close to 100%. The rigorous conditions for red-cell lysis were satis-
factory for chemical work, but may require modification if cell culture is
contemplated.

1t is eclear, particularly from Fig, 3, that an individual estimate of
DNA or RNA expressed per million cells 1s not a reliable measurve,
Cell counting is the prinecipal source of variation, and since this error
is dependent on the square root of the number of cells counted, it could
be reduced by repeated counting. The analytical methods show relia-
bility adequate to give results within = 5% (Table 1), and provided
that accurate cell counting is available, reliable measurements of DNA

Fig. 3. DNA pnos- 2
phorus per 10° cells, RNA .
phosphorus per 10° cells, 25 i DNA
and ratio RNAP/DNAP & -
of blood lymphoeytes & .4
measgured in 1 individual .,
{male) at intervals over E T
1 year. Average normal & 2 M
values are indicated, 2 "W
showing 2 standard devi- o A RNA
ation limits, 2
0 pisn
35 GHa
a ,, tu-on...ﬂ....-u--‘_::—hu- _‘.gﬂ‘ e
u =~ 0=
- a RNAP
DNAP
I 1 1 r T T 1
Y 2 4 6 8 10 12 14

Months

phosphorus or RNA phosphorus per 10° cells may be carried out in
L sample. However, in the present study it was considered important
that the isolated cells should bhe treated with cold perchlorie acid as
soon as possible after their removal from the peripheral blood, thus
limiting degradation of nucleic acid, particularly of {he more labile
RNA. Any nucleic-acid degradation would give consistently low values
for the mean cell content, while the error of cell counting is a random
one. The actual estimates of DN A phosphorus per million cells in this
study were distributed normally about the mean.
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The value of 0.73 ug. DNA phosphorus per million Iymphoeytes re-
ported here (0.73 pe. DNA phosphorus per average cell) is close {o that
found by Davidson et al. (0.70 ug. DNA phosphorus per million cells)
in their measurements on human leukocyle preparations (71), and
again slightly greater than the value of 0.69 ug. DNA phosphorus per
million cells oblained by Metais and Mandel (24) lTor human leukocytes.
Although the measurementis of Davidson ef al. (11) and those described
here were carried oul by dilferent methods, it appears that the lympho-
eyte and the polymorphonuclear leukoeyte of peripheral hlood contain
similar amounts of DNA. This conclusion is supported by Hale and
Wilson (25), who found, using microdensitometry, that the amount of
IFeulgen-stained material (DNA) in the mature polymorph is the same
as in the small Iymphocyte, and that the leukoeyte of the peripheral
blood is practically execlusively diploid (z0). Provided the DNA content
of the Iymphoeyic is constant, variation in the RNA content of the cell
may be assessed by measuring the RNATP/DNAP ratio of ccll prepara-
tions, thus eliminating cell-counting crror.

The .criticism may be leveled that the gelatin-sedimentation method
of lIymphoeyte purification may be sclective, and .produce cell sus-
pensions of a particular DNA value. This is unlikely since an inde-
pendent separation method based on cell flotation on silicone oil (26)
gives values for the measurement of DNA phosphorus and RN phos-
phorus of the Iymphocyte in 15 normal individuals of 0.75 pg. = 0.09
and 0.22 pg. == 0.05 per million cells. In a series of 40 Iymphoeyle sus-
pensions prepared by gelalin sedimentation from pathologic blood
specimens, and containing an inereased proportion of large lympho-
eytes, the mean DN A phosphorus content was 0.74 pg. = 0.12 per million
cells (26). The case for the constancy of blood Iymphoeyte DNA is a
strong one, and hence the ratio RNAT/DNAT may be considered an
accurate. reflection of the mean cell RNA. The question of whether the
mature blood leukoeyte contains less DNA than other diploid somatic
(27) cells does not alter this eonclusion.

The observed range of RNA phosphorus, 0.10-0.35 (mean 0.19) pe.
per million Iymphoeytes, when caleulated as RNAP/DNAT ratio gave
a mean value of 0.26 == 0.06 for the 40 normal individuals tested. These
mean values are lower than those obtained in the leukoeyte hy Davidson
et al. (11), who found a range for the RNA phosphorus of 0.11-0.31 ne.,
with a mean of 0.24 yge. per million ceils, which gave a value for the
RNAP/DNATD ratio of 0.35 = 0.16. Although the measurements of
Davidson et al. were carrvied out on cell preparations containing hoth

lymphocytes and polymorphs, and could be expected to give different
results, the analytical methods used are also important. Davidson el al.
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(£1) estimatled RNA by measuring the total phosphoras confent of the
Sehmidt-Thanmhauser RNA fraction. There is evidence that this frac-
tion contains significant amounts of organic phosphorus compounds
other than ribonucleotides, with differences of degree among tissues.
Davidson and Smellie (28) investigated this point, alithough not spe-
cifically in leukocytes, and found that 20-25% of {he phosphorus in the
fraction from rat liver was other than ribonucleotide phosphorus, while
with rabbit spleen (29) the figure was 10-15%. Tn comparing our results
with those of Davidson et «l. (11), it should also be noled that the meth-
od deseribed heve for the analysis of RNA gives 86% recovery. 1f an
allowance is made for the less than 100% recovery in the present ultra-
violet measurenients (add 14%) and the error due 1o the presence of
nonribonueleotide phosphorus in the measurements of Davidson et al.
(sultract 12%), the coutent of RNA phosphorus is similar i leuko-
cytes and normal Jymphocytes, being close Lo 0.21 ug. per million cells
in each case. This is in keeping with the observation that cell samples
rejected from this scries beeause of grealer than 10% contamination
with polymorphonuelear leukoeytes, when analyzed, gave results which
fell within the normal range for lymphocytes. When the corrections
are applied to the RNA values and the RNAP/DNAD ratio calculated
from them, the results are 0.29 and 0.30 for the present obscrvations
and those of Davidson ef «l., respectively. These are low values for the
RNA/DNA ratio when compared with other cells; similar values have
been reported only from leukoeytes and {hymus and lymphoid tissue
in animals (30).

Repeated measurement of the RNAP/DNATD ratio in an individual
(I'ig. 3) shows that this measure is subject to variation. That these
variations are real and not analytical errors is confirmed by the re-
producibility of the resulfs when close in time. Variation in the ratio
would be brought about by a change in the proportion of cell types
circulating, or by synthesis of RN A by the cells of the blood. Both these
possibilities may oceur, since Gowans (31) has demonstrated that lym-
phoeyies recirculate between the blood and lymphatic tissues, and evi-
dence of synthesis of RNA in blood lymphoeytes has been reported by
Torelli et al. (9) and by Cooper and Rubin (32) and by others (33).
Blood Iymphoeytes respond in vitro to a variety of stimuli by increasing
in size (34, 35) and basophilia. Synthesis of RNA is established as part
of this transformation (36, 57), which appears to parallel the in-vivo
changes in the blood of individuals exposed to diphtheria toxoid antigen
reporfed by Pariser ef al. (38). .

How far the RNAP/DNAP ratio of blood lymphocytes represents a
measure of their biologic activity remains uncertain, nonetheless the
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ratio does represent a quaniitaiive assessment ol the nature of the
lymphoeytes cireulaling in the blood.

10.

11,

12,

13.
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Rheumatoid factor and antinuclear factors present
in the sera of a high proportion of patients with
rheumatoid arthritis have many of the characteristics
of autoantibodies (Glynn and Holborow, 1965).
These serum auloantibodies do not appear to be
primary in the pathogenesis of the discase (Harris
and Vaughan, 1961) although rheumatoid factor
may sustain joint inflammation (Restifo, Lussicr,
Rawson, Rockey, and Hollander, 1965). It is
possible that cell-bound immunity or delayed hyper-
sensitivity may be the important mechanism in the
disease process (Doniach and Roitt, 1962) which
would implicate sensitized Iymphocytes as the
effectors of tissue damage (Holborow, 1967). We
have therefore studied the lymphocytes of peripheral
blood in rheumatoid patients. The DNA and RNA
content of suspensions of isolated cells was measured ;
the DNA to establish cell numbers, and RNA con-
tent as an index of their protein synthetic activity.

Material and Methods

Patients

A total of 35 patients with rheumatoid arthritis was
studied. Of these 24 had definite rheumatoid arthritis
by the American Rheumatism Association criteria (Ropes,
1959); 21 of this group were female, and their mean age
was 55 years (range 25 to 78). The remaining eleven
patients had probable rheumatoid arthritis; ten were
female, and their mean age was 47 ycars (range 25 to 70).
Forty healthy individuals, mostly hospital staff, served
as controls; twenty controls were female, and their mean
age was 35 years (range 18 to 77).

Estimation of DNA and RNA

The method for analysis of the DNA and RNA content
of peripheral blood lymphocytes has been described
elsewhere (Glen, 1967). It was carried out in two stages.

(1) To separate the lymphocytes from the other

Present Appointments:

*Senior Registrar, Department of Biochemistry, V:ctorm Infirmary,
Glasgow.

tC.I.B.A,, Clinical Research Fellow.

blood cells, 20 ml. venous blood were withdrawn from
each patient and the lymphocytes separated by a modifi-
cation of the method of Coulson and Chalmers (1964)
which utilizes a gelatin solution to accelerate cell sedi-
mentation. Red cells were removed by osmotic shock,
and the lymphocytes were obtained with less than 10 per
cent, contamination with other cells, usually polymor-
phonuclear leucocytes; a smear from each sample being
checked for purity before analysis.

(2) Measured numbers of cells, always greater than
3 x 10% were then submitiecd to a modified Schmidt
Thannhauser separation (Fleck and Munro, 1962), and
the separated DNA and RNA fractions of the lympho-
cytes analysed by ultraviolet absorbtiometry. The
results obtained gave the DNA and RNA content of the
peripheral blood lymphocytes in each patient expressed
as micrograms (ug.) DNA phosphorus (DNAP) or
RNA phosphorus (RNAP) per million cells,

A previous report (Glen, 1967) showed that the above
analytical method was reproducible within -+ 5 per cent.
When the error introduced by cell counting was
eliminated by expressing the results as the ratio -of
RNAP/DNAP, the mean variation in duplicate was
reduced to -i- 3.8 per cent.

Results
DNA
The results are summarized in Fig, 1 and Tables
I and 1I (opposite).
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Fig. i.—DNA content of blood lymphocytes in normal individuals
and patients with probable and definite theumatoid arthritis.
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Taune 1
MEAN DNAP AND RNAP

Number Mcean DNAT Mcan RNAP Ratio
Group of (. per 10* Cells) (reg. per 10° Cells) RNAP/DNAP
Individuals 4 S.D. 4 S.D. - S.D.
Normal B 40 0-73 4: 0+12 0-19 - 0-06 0-26 £ 006
Probable Rheumatoid Arthritis 11 0-76 4- 016 023 4. 0-07 0-30 4 0-05
Definite Rheumatoid Arthritis 24 0:73 £ 012 0-27 4- 0-07 0-37 4 0-05
TanLe 11
. Degrees of Freedom
Measure Analysis — r Iy
Vi Vg
RNAP Normal v. Definite 4 Probable RA 1 73 17-5 < 0-001
Normal v, Delinitec RA 1 02 24-7 <0-001
Normal v, Probable RA | 49 2:5 =>0-05
Probable v. Definite RA 1 33 2:9 >0-05
RNAP/DNAP Ratio Normal v, Definite + Probable RA 1 73 31-2 <0001 -
Normal v. Definite RA 1 62 43-0 <<0-001
Normal v. Probable RA 1 49 28 >=Q-05
Probable v. Definite RA 1 33 11-95 <0-01

No significant diflerence was found between
the DNA phosphorus content of the circulating
lymphocytes from patients with rheumatoid
arthritis and normal individuals. The mean
for the definite rheumatoid arthritis group was
identical with that for the normal series, 0-73 ug,
DNAP per 108 cells; the lymphocytes from the
probable rheumatoid group had a higher mean DNA
phosphorus content, 0:76 pg. DNAP per 10° cells,
but this difference was not significant. No signifi-
cant difference in the DINA phosphorus content
of the lymphocytes was noted between males and
females in either the rheumatoid patients or the
control subjects.

RNA

The resulis are summarized in Fig, 2 and Tables I
and II. The mean RNA phosphorus content of the
circulating Iymphocytes in definite rheumatoid
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Fig. 2—RNA content of blood lymphocytes in normal individuals
and paticnts with probable and definite rheumatoid arthritis.

arthritis, 0-27 pg. RNAP per 106 cells, was signifi-
cantly difterent {rom the control group, 0:19 ug.
RNAP per 10 cells (P < 0-001). The mean RNA
phosphorus content of the lymphocytes of patients
with probable rheumatoid arthritis was 0-23 pug.
per 10° cells, and analysis of variance of the results
showed no significant difference from the control
values.

RNAP/DNAP Ratio

This was calculated for each patient and control
from the results of the RNAP and DNAP analyses.
The RNAP/DNAP ratios of the Iymphocytes in
patients and controls are shown in Fig. 3 and
summarized in Tables T and II. The means for the
ratios in the three groups were: 0-30 for patients
with probable rheumatoid arthritis, 037 for patients
with definite rheumatoid arthritis, and 0:26 for
normal subjects. The definite rheumatoid group
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Fig. 3.—RNA/DNA ratio of blood lympliocytes in normal individuals
and patients with probable and definite rheumatoid arthritis,
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was significantly different from the normal (P <
0-001). The probable rheumatoid group was not
significantly different from the normal, but differed
significantly f{rom .the definite rheumatoid group
P < 0-01).

It was possible to match for age and sex, ten
patients with definite rheumatoid arthritis and ten
controls. Pairings were carried oul by random
selection when more than one match was available.
The lymphocyle RNAP/DNAP ratio was again
different in the matched groups; the mean ratio for
patients with definite rheumaltoid arthritis was
0-37 4- 0-04 and for normal subjects 0:26 - 0.03
P < 0-001).

No close correlation was found between the
RNAP/DNAP ratio of the lymphocytes and the
clinical or laboratory features of rheumatoid arthri-
tis, although, as shown.above, clear differences were
noted between the patients with probable and
definite rheumatoid arthritis when considered as
groups.

Discussion

The results of analyses of the DNA phosphorus
(DNAP) content per 10¢ cells of the blood lympho-
cyles in rheumatoid arthritis and in normal indi-
viduals are close to the expected diploid amount for
man (Leslie, 1960). DNA phosphorus is thus a
good index of cellularity, and hence the mean RNA
of the lymphocytes may be expressed as the RNA
phosphorus/DNA phosphorus (RNAP/DNAP) ratio
of the cells. :

The interpretation of the rise in the average RNA
content of the blood Jymphocytes in rheumatoid
arthritis is complicated by the diversity of the biood
lymphocyte both in origin and in morphology.

Blood lymphocytes are in part newly-formed celis
derived {rom bonc marrow or spleen (large and
medium-sized cells) and part recirculating lympho-
cytes (small lymphocytes) which enter the tissues
from the blood stream, percolate through to the
lymphatics passing through lymph nodes, and re-
enter the blood stream by way of the major lymphatic
trunks {(Gowans, 1959). Some of these small
lymiphocytes are known to have a prolonged life
span, recirculating from blood to lymph repeatedly
over a number of years (Buckton, Jacobs, Court
Brown, and Doll, 1962). The lymphocytes of the
thoracic duct which comprise the bulk of the
recirculating cells were studied in animals by
Everett, Caffrey, and Rieke (1964), who observed
that exposure of the animal to antigen produced an
increase in the size and the protein synthetic rate of
- the small Iymphocytes entering the circulation.
These alterations must also imply an increase in the
RNAP/DNAP ratio of the lymphocytes. Thus a

ANNALS OF T2 RHEUMATIC DISEASES

rise in the mean RNA content of the peripheral
blood lymphocytes can occur in several ways,
Firstly, by an increase in the numbers of circu-
lating large lymphocyles (cither absolute or relative),
or sccondly, by an increase in the RNA content of
the individual cells, either large lymphocyles, or the
smaller lymphocytes, or both,

It 1s likely that increased immunological
activity will result in an increascd production of
newly-formed and hence large lymphocytes. Wardle
and Attan (1967) obscrved hyperplasia of Iymphoid
elements in the bone marrow of patients with
rheumatoid arthritis, Everett and others (1964), in
their studies of the effect of antigens on the lympho-
cyles, obscrved an increase in the size of the long-
lived lymphocytes and called the enlarged small
lymphocytes “activated cells. It is possibic that,
in rheumatoid arthritis, in the presence of increased
immunological reaction, a proportion of the lympho-
cytes carry increased amounts of RNA and are
akin to Everett’s activated cells.

It is well established that small lymphocytes
respond in vitro to a'serics of agents, cither specific,
such as tubercufin purified protein derivative and
pertussis vaccine, or non-specific, such as phyto-
haemagglutinin (Hirschhorn, Bach, Kolodny, Fir-
schein, and Hashem, 1963). This transformation
response is characterized by an increase in several
features of the ccll, including size, rates of nucleic
acid synthesis, and RNA content, A parallel has
been drawn between the behaviour of the cells in
vivo and their response in vitro, and this is of special
interest in rheumatoid arthritis. Lymphocytes will
transform in vifrro when cxposed to antisecra to
y-globulin (Scil and Gell, 1965). A similar response
in vivo to rheumatoid factor, circulating antibody to
y-globulin, could be an explanation for increased
amounts of RNA in the circulating Iymphocyles in
rheumatoid arthritis.

The possibility that drug treatment of patients
with rheumatoid arthritis has inlluenced the RNAP/
DNAP ratio of the lymphocytes in this serics has
been considered. All of the patients investigated
were taking salicylates or steroids or both. High
lymphocyte RNAP/DNAP ratios occurred in the
patients studied irrespective of these categories. It
is known that the immediate eficct of steroids is to
reduce the number of small lymphocytes, however
the effect of prolonged therapy tends towards
recovery of the pre-treatment state (Glen, Cooper,
Jacob, Beoak, Murray, and Munro, 1967). In the
present series there was no significant difference in
the RNAP/DNAP ratios of those receiving steroids
and the rest.

Although the precise cause of the change in the

Iymphocyte RNAP/DNAP ratio has not been
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defined, the data show that the ratio is frequently
increased in the blood Iymphocytes of patients with
rheumatoid arthritis. How this observation may
be linked to the pathogenesis of the disease remains
an open question; however the demonstration by
Birbeck and Hall (1967) of the transformation in
vivo of large basophilic lymphocytes (released .by a
lymph node on antigenic stimulation) into plasma
cells makes it very likely that lymphocytes are
indeed the effectors of cell-bound immunity.

. Sumimary
The average cell DNA and RNA was measured

in lymphocytes obtained from the peripheral blood
of 24 patients with definite and eleven with probable

AND RNA CONTENT 173

rheumatoid arthritis, according (o the Amcrican
Rhcumatism Association diagnostic criteria. Similar
measurements were madce in lorty healthy individuals.
A significant increase in the RNA content of the
Ilymphocytes in patients with definite rheumatoid
arthritis when compared with the controls was
demonstrated. Possible reasons for this difference
arc discussed in relation to the known reactions of
the lymphocyte to immunological stimuli and to
drug treatment. It is concluded that the increased
lymphocyte RNA content found in patients with
rheumatoid arthritis is evidence of the participation
of the lymphocyte in the immunological derange-
ments of the disease, and that the RNA/DNA ratio
of the lymphocyte may be a useful means of measur-
ing immunological activity.
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Le feneur des lymphocytes en ADN ¢t en ARN dans Ia
polyarthrite rhumatoide

RESUME

On détermina le taux moyen d’ADN et ’ARN dans
les lymphocytes provenant du sang périphérique de 35
malades atteints dc polyarthrite rhumatoide; chez 24
d’entre cux la maladic était “definie” et chez [1 “*prob-
able”, sclon les critéres dh;_,nostiqucs de I'American
Rhemnnt:sm Association. On fit la méme chose chez 40
sujels sains, On mit en ¢vidence une augmentation
appréciable du taux lymphocytaire d’ARN chez les
malades atteints de polyarthrite rhumatoide “defini¢”
par rapport aux t¢moins, On discute les raisons probables
de cette différence & propos des réactions bien connucs
du lymphocyte & ’égard des stimulants immunologiques
et des produits médicamenteux. On conclut que la
feneur en ARN augmentée des lymphocytes, trouvée
chez des malades atteints de polyarthrite rhumatoide,
constitue une preuve de la participation du lymphocyte
dans Je dérangement morbide et que la raison ARN/ADN
du lymphocyte peut étre utlIc pour mesurer activité
immunologique. .

ANNALS OF THE RUHEUMATIC DISEASES

Las cifras linfocitarias de ADN y de ARN en la poli-
arfritis reumatoide

SUMARIO

Sc¢ determinaron las cifras medias de ADN y de ARN
en linfocitos de las sangre periférica de 35 enfermos con
poliartritis reumatoide, que fué “*definida” en 24 casos y
“probable” en 11 casos, segOn los criterios diagndsticos
de Ia American Rhicumatism  Association. Se hizo lo
mismo ¢n 40 sujetos sanos. Sc evidencid un aumento
apreciable de las cifras linfocitarias de ARN en enfermos
con poliartritis reumatoide “definida” ecn comparaciéon
con los testigos. Se discuten las causas probables de esta
diferencia en relacion con las reacciones conocidas del
linfocito hacia estimulos inmunelogicos y productos
medicamentosos. S¢ concluye que las cifras aumentadas
dc ARN en Jeucocitos, encontradas en enfermos con
poliartritis reumatoide, ofrecen una prucba de la parti-
cipacion dcl linfocito en el desarreglo morboso y que la
razéon ARN/ADN del linfocito puede utilizarse para
medir la actividad inmunolégica.
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23. Immunological Defect as the Cause of Whipple’s Disease
and Colonic Histiocytosis

A. Frrguson, J. D. MaxwerLr, R. C. Imrie and A. C. A. GLEN

In Whipple’s discase, abnormal macrophages and many bacilli are present in the
intestinal mucosa. A variety of organisms have been cultured, suggesting that this disease
is due to a host abnormality rather than to a specific infection. In colonic histiocytosis
many macrophages are present, but do not contain bacilli. Both disease states could result
from an abnormal cellular response to foreign material. To test this hypothesis the
immunological functions of 4 patients have been studied.

All 4 patients were in complete remission and on no treatment. Case 1 (Whipples) had
apparently been cured by a course of chloramphenicol 1 year earlier. Case 2 (Whipples)
had been well since a course of tetracycline 3 years before. In cases 3 and 4 the diagnosis
of colonic histiocytosis had been made on the basis of a history of chronic intermittent
diarrhoea, and rectal biopsy containing many PAS-positive macrophages. - .

Methods

DNA and RNA were assayed in peripheral blood lymphocytes using a modification of
the Schmide-Thannhauser procedure and ultra-violet absorbtimetry (1). The uptake of
14C labelled thymidine was used as a measure of lymphocyte transformation in response
to varying concentrations of phytohaemagglutinin (PHA) (2). MueLLeEr, TormAay and
Imrie have reported preliminary studies on a human serum fraction which will further
stimulate the DNA synthesis produced by PHA. The effect of this material on PHA-
stimulated lymphocytes was studied in 3 cases.

Results

Screening tests revealed normal number and mor phology of the circulating white blood
cells. Several normal antibodies were detected. There were no wtoannbodms Serum
immunoglobulin-M was low in case 2.

The results of studies on lymphocytes are summarised in Tables 1, 2 and 3,
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" Table {. Nucleic acid content of peripheral blood lymphocytes.

DNAP RNAP
{1tg/10% lymphocytes){ (ug/10° lymphocytes)

Normal human

lymphocytes

Mean 0.73 0.19
Standard deviation 0.12 0.06
Casc 2 0.54 0.11
Case 3 0.45 0.10
Case 4 0.68 0.21

Table 2. Maximum lymphocyte response to PFIA (percentage of control).

Control 100%
Case 1 520/
Case 2 549%/¢
Case 3 47%
Case 4 102%%

Table 3. Effect of serum fraction on PHA stimulated Iymphocytes
(percentage of response to PHA alone).

PHA  PHA -+ extract

. Control 100 —-» 135% .
Case 2 100 —— 949/
Case 3 100 — 310%
Casc 4 100 —— 251%
Discussion

The RNA content of cells reflects their protein synthetic activity. In auto-immune
discases there is'an increase in the RNA content of circulating lymphocytes; with im-
munosuppressive therapy the lymphocyte RNA content falls. The low RNA in cases 2
and 3 suggests that the immunological activity of these cells is low. The low mean
lymphocyte DNA may indicate that, in these patients, a significantly reduced proportion
of lymphocytes are actively synthesising DNA, hence containing more than the diploid
amount of DNA.

Lymphocyte transformation in response to PHA probably reflects the immunological
capacity of the cells; a low response was found in 3 patients. Normally the serum
fraction will increase DNA synthesis by up to 100%,. In case 2 there was no increase in
response. In cases 3 and 4 the response was more than doubled. This suggests either that
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PHA had exerted a submaximal cffect, or that the amount of the factor in the patients’
cells was low.

These results could be due to generalised, mild fymphocyte abnormality. Alternatively,
as the circulating lymphocytes are of heterogencous origin, they may indicate a smaller
number of lymphocytes with grossly impaired function — perhaps those associated with
the gastrointestinal tract. Whipple's discase and colonic histiocytosis may form part of
the spectrum of disease states which result from impaired cell-mediated immune responses.
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SUMMARY

In LATS positive thyrotoxic patients the blood lymphocyte RNA content was
significantly greater than normal, but not significantly different from normal in
LATS negative thyrotoxicosis patients. Changes occurred in the RNA content of
the lymphocytes following treatment whether by radioactive iodine or carbimazole.

INTRODUCTION

The blood of a proportion of patients with thyrotoxicosis (Graves’ disease) contains a
circulating immunoglobulin (IgG) the long acting thyroid stimulator, LATS (McKenzie,
1967). Blood lymphocytes have been identified as one site of 1gG production (Turner &
Forbes, 1966), and McKenzie (1967) showed that lymphocytes from thyrotoxic patients
produced LATS when stimulated in vitro by phytohaemagglutinin. It is therefore relevant
to reconsider the nature of the lymphocytes in thyrotoxicosis. Hernberg (1954) has reported
that the size of the blood lymphocytes was increased in thyrotoxicosis and returned to
within normal limits when the patients were euthyroid after partial thyroidectomy. The
measurement of the DNA and RNA content of the peripheral blood lymphocyte (Glen,
1967) provides an objective method of assessing the nature of the circulating lymphocytes;
in some conditions, for example rheumatoid arthritis, there is a relationship between the
RNA content of blood lymphocytes and the severity of the disease (Glen & Jasani, 1968).

On the assumption that thyrotoxicosis is in part an immunological disease, we thought it
of interest to measure the RNA content of the blood lymphocyte and to compare measurc-
ments before and after carbimazole and radioactive iodine treatment. In addition, since the
presence of the immunoglobulin LATS might be an index of the degree of the immuno-

Correspondence: Dr J. F. B. Smith, University Department of Medicine, Glasgow Royal Infirmary,
Glasgow, C.4.
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logical disturbance, we compared lymphocytes from blood positive for LATS with cells
from blood negative for LATS.

PATIENTS AND METHODS

Methods. Blood samples from thirty-six patients, twenty-cight women and eight men
(age range 22-70 years, mean age 49 years) were studied. The clinical thyrotoxicosis was
confirmed with radioiodine studies, serum protein bound iodine estimations and serum tri-
iodothyronine resin sponge tests. Blood from healthy control subjects was taken rom twenty
adults, eleven men and nine women (age range 18-63 years, mean age 30 years).

The LATS activity of sera from the thyroid patients was measured using the bioassay of
Kriss in which test and control sera (0-5 ml) are injected intraperitoneally into white male
Swiss mice whose thyroid iodine is labelled and the thyroid stimulation monitored by
measuring the increase in blood radioactivity at 24 hr (Kriss, Pleshakov & Chien, 1964).
The net increase in blood radioactivity which represents the discharge of iodine from the
gland is expressed as counts/min per 0-1 ml of blood and the results are recorded as a per-
cenlage increase for each sera. A blood radioactivity of 150 % of that before administration
of sera was taken as a LATS positive response.

The method for analysis of the DNA and RNA content of the blood lymphocyte has been
described previously (Glen, 1967); there arc two stages, separation of lymphocytes from
blood, and chemical analysis of DNA and RNA.

20 ml of venous blood were withdrawn from each patient with EDTA as anticoagulant
and the lymphocytes separated using a modification of the gelatin sedimentation procedure
of Coulson & Chalmers (1964). The technique used was as described by Glen exceptthata
suggestion by Cooper (1967) has been adopted in these experiments which has improved the
reliability of the lymphocyte separation by eliminating polymorphonuclear leucocyte
contamination of thé isolated cells. In this modification, the cell suspension was allowed to
soak into cotton wool at 37°C for 15 min and is thereafter expressed by gentle pressure.
Red cells were removed by osmotic shock and a final cell suspension obtained which con-
tained at least 97 % lymphocytes. Mcasured numbers of cells always greater than 4 x 10°
were submitted to a modified Schmidt-Thannhauser separation, and theseparated DNA and
RNA fractions analysed by UV absorptiometry making appropriate correction for the
presence of protein (Fleck & Munro, 1962). The results were expressed as ug DNA phos-
phorus (DNAP) per 10° cells and RNA phosphorus (RNAP) per 10° cells. It is an advantage
to use the RNAP/DNAP ratio of the cells rather than RNAP content expressed per million
cells since this eliminates cell counting error. The RNAP/DNAP ratio is a valid index of
cell RNA provided the DNA content of the lymphocyte is constant. It has previously been
shown that the lymphocyte RNAP/DNAP can be measured with an error of within 5%
when duplicate blood samples are analysed. '

Patients studied. Ten patients were treated with carbimazole and the nucleic acid measure-
ments were carried out before and after control of the thyrotoxicosis but during maintenance
treatment with carbimazole 15-20 mg daily, an average of 4 months (range 2-6 months)
after starting drugs. Twenty-one patients were treated with radioactive iodine and nucleic
acid measurements were carried out on the lymphocytes before and after control of thyro-
toxicosis, 4 months (range 2-6 months) from the time of the dose. Of the remaining five
patients, three patients underwent partial thyroidectomy and two patients did not return.
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RESULTS

The mean of the DNA values of the blood lymphocytes in the twenty normal individuals
was 0-732 g DNAP per 10° cells (SD = 0-114) and [rom the thirty-six thyrotoxic patients
. before treatment it was 0-740 ug (SD = 0-117). These data are shown in Fig. 1. Treatment of
thyrotoxicosis did not affect the DNA values so that the RNAP/DNAP ratio was considered
a valid index of mean RNA content of the lymphocytes and this applied irrespective of the
treatment regimes.
Table [ shows the RNAP/DNAP ratios of lymphocytes from thyrotoxic patients before
and after treatment with either carbimazole or radioactive iodine and these data are
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Fia, 1. The blood lymphocyte DNA content in normal and thyrotoxic patients, The mean
values were not significantly different (INS) by #-test.

compared to those from normal individuals which are also shown in the Table. The results
from the group of ten patients treated with carbimazole are higher than normals but only
after drug treatment are the differences significant (P<0-02). This applies when the mean,
after treatment, is compared to that before treatment or with normal people. When the
RNAP/DNAP ratio data from patients treated with radio-iodine therapy is similarly
examined there is a difference between means after therapy compared to that of normal
people. In contrast, however, there is not a significant difference between the mean lympho-
cyte RNAP/DNAP before and after therapy, butthe pre-treatment values are relatively high
(mean = 0-323).

Fig. 2 shows the lymphocyte RNAP/DNAP ratios from the patients whose sera was
negative in the LATS bioassay (twenty-two) and these from patients positive in the LATS
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Tasie 1. Blood lymphocyte RNAP/DNAP ratios in untreated (thyrotoxic) and treated (cuthyroid)

patients with

the results in normal individuals for comparison

Comparison of pre-

Belore treatment After trcatment and post-trecatment

Treated by carbimazole

Radioactive iodine

Normal individual
untreated

(thyrotoxic) (cuthyroid) means by #-test
Mean = 0-308 (10) *Mean = 0:365 (10) t = 2-55
SD = 0-053 SD = 0:050 P <002
Significant
Mean = 0-323 (21) *Mecan = 0-352 (19) t = 1-60
SD = 0-068 SD = 0048 P<0-20
Not significant
Mean = 0:296 (20)
SD = 0-036 '

* Values denoted by the asterisk are significantly different from the results in the normal untreated

control subjects,
The results of comparison of

the lymphocyte RNAP/DNAP ratio in pre-treatment thyrotoxic and

post-treatment euthyroid patients are tabulated, showing the mean vatues and the standard devia-
tion with the number of individuals in parentheses. The results of a comparison of mean values by

Student’s #-test are listed.
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negative patients with normals for comparison. The /-test was used to compare mean values.
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bioassay (twelve); the normal data are shown for comparison. The mean ratio values from
those with LATS negative sera was 0-302 and from those with LATS positive it was 0-326.
Intercomparisons were made and it was [ound that the mean lymphocyte ratio RNAP/
DNAP from LATS positive blood was higher (mcan 0-326) than that from normal blood
(mean 0-295), with a P value of <0-05.

The mean lymphocyte count in the peripheral blood of nineteen of the patients with
untreated thyrotoxicosis was 2250 cells/mm? with a range of from 1060 to 4600 lymphocytes/
mm?®. Two patients had a total white cell count of 4000 or less/mm® with a relative lympho-
cytosis. Peripheral blood lymphocyte counts following treatment are incomplete but it
appears {rom limited data that the lymphocyte countincreases following radioiodine therapy
and decreases in patients treated with carbimazole. This aspect of the study is being further
pursued.

DISCUSSION

The results of the lymphocyte RNAP/DNAP ratio determinations do not show a large differ-
ence when thyrotoxic blood lymphocytes are compared with normal lymphocytes; however,
the lymphocytes from blood positive for LATS had a higher RNA content than that present
in the normal lymphocytes. An elevated RNAP/DNAP ratio of the lymphocytes is found
when there is an absolute increase in the number of the larger cells or when the increase is
relative due to a reduction in the number of small lymphocytes. The former is the case when
there is increased immunological activity as for example in response to viral infection
(Lesiewska, 1967; Pariser, Zucker & Meyer, 1952; Zucker-Franklin, 1969; Crowther,
Fairley & Sewell, 1969).

In untreated thyrotoxicosis the lymphocyte RNAP/DNAP ratio is significantly higher
than normal only in patients with a positive LATS bioassay and this, in the presence of
normal blood lymphocyte counts, would be consistent with an increase of immunological
activity. The data also suggest that immunological activity may be intensified by radio-
active iodine therapy, possibly as a result of antigen release by radiation damage to the
thyroid gland.

The interpretation of data from drug-treated patients is difficult. Whether the significant
increase in the mean lymphocyte RNA content, apparently. produced by carbimazole
treatment, indicates a special extra thyroidal effect of the drug in lymphocytes, requires
further study.

It is of interest that thymic lymphoid follicle formation is present in adults with thyro-
toxicosis (Gunn, Michie & lrvine, 1964) and that there is a reduction in thymic size in
patients on anti-thyroid drugs (Michie ef al., 1967). Our data would suggest that the anti-
thyroid drugs also have a measurable effect on blood lymphocytes. We would interpret the
data as indicating a reduction in thymic dependent lymphocytes resulting in an increase in
the proportion of large lymphocytes in the blood. This has the implication that immuno-
suppression may be one of the actions of carbimazole.
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SUMMARY

Cellular and humoral immune responses have been measured in patients with
Sjegren’s syndrome with, and without, rheumatoid arthritis, patients with sero-
positive and sero-negative rheumatoid arthritis, and a control group of patients.
Several patients with sero-positive rheumatoid arthritis and patients with
Sjegren’s syndrome complicated by rheumatoid arthritis failed to respond to 2-4
Dinitrochlorobenzene, and exhibited poor secondary responses to tetanus toxoid.
Mantoux responses, however, were diminished only in patients with the sicca
syndrome. Estimation of RNA/DNA ratios of peripheral blood lymphocytes
showed increased ratios in those groups of patients responding poorly to DNCB
and tetanus toxoid. As the lymphocyte RNA/DNA ratio is correlated to mean
lymphocyte diameter, this means that patients with elevated ratios have an absolute,
or relative, increase in the number of large lymphocytes circulating in the peripheral
blood. It is suggested that failure to respond to DNCB may be due (o a deficiency
of uncommitted small lymphocytes.

INTRODUCTION

Both rheumatoid arthritis and Sjegren’s syndrome, which is frequently associated with
rheumatoid arthritis (Bloch, Buchanan, Wohl and Bunim, 1965), are characterized by
lymphoid infiltrates in affected tissues, dysproteinaemia, and a multiplicity of serum
autoantibodies (Bloch et al., 1965; Anderson, Buchanan & Goudie, 1967, Whaley &
Buchanan, 1969). In addition, generalized lymphadenophy and splenomegaly may occur
in both diseases (Bloch et al., 1965; Robertson et al., 1968). In Sjegren’s syndrome without
rheumatoid arthritis it is now well established that extra-salivary lymphoid abnormalities
including ‘pseudolymphoma’, lymphoma and Waldenstrém’s macroglobulinaemia may
occur (Talal & Bunim, 1964 ; Talal, Sokoloff & Barth, 1967). In rheumatoid arthritis there is
statistical evidence to suggest an increased prevalence of lymphosarcoma (Lea, 1964).

Correspondence: Dr K., Whaley, The University Department of Pathology, Western Infirmary,
Glasgow, W.1, Scotland.
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Abnormalities of the thymus including germinal centre formation have been reported in
patients with rheumatoid arthritis (MacSween, Anderson & Milne, 1967), but to date, to
our knowledge, no such changes have been found in Sjegren’s syndrome, although only a
few cases have been examined (Bloch er al., 1965).

Results of immunization studies in rheumatoid arthritis have yielded conflicting results.
Normal antibody responses have been found to heterologous blood groups in patients with
rheumatoid arthritis (Creger ef al,, 1951). Meiselas et al. (1961) demonstrated hyper-
responsiveness to Brucella abortus whereas normal responses were found by another group
of workers (Shearn, Epstein & Engleman, 1963). Results of immunization with tetanus
toxoid have produced even more conflicting results; Greenwood & Barr (1960) showed
higher antitoxin titres than controls, Vaughan & Butler (1962) detected no differences in
antibody response, while Barr et al.,, (1964) noted a significant number of rheumatoid
patients having subnormal responses to tetanus toxoid. Normal antibody responses to
pneumococcal polysaccharide have been observed (Larson & Tomlinson, 1953).

In view of the obvious anatomical and functional abnormalities of the immune system in
Sjegren’s syndrome and rheumatoid arthritis, it was decided to investigate both cellular and
humoral immune responses in these conditions,

MATERIALS AND METHODS

Patients studied

Five clinical groups of patients were studied; control subjects who suffered from osteo-
arthrosis, disc degeneration or non-articular rheumatism, patients with sero-positive
rheumatoid arthritis, patients with sero-negative rheumatoid arthritis, patients with rheu-
matoid arthritis and Sjegren’s syndrome, and patients with the sicca syndrome. All the
patients studied were females, and none were taking corticosteroid or immunosuppressive
therapy. Sjogren’s syndrome was diagnosed using the criteria of Bloch et al. (1965). Patients
having Sjegren’s syndrome without an associated connective tissue disease were said to
have the sicca syndrome. Keratoconjunctivitis sicca and xerostomia were diagnosed as
previously described (Williamson et al., 1967; Whaley et al., 1969). Rheumatoid arthritis
was diagnosed using the diagnostic criteria of the American Rheumatism Association
(Ropes et al., 1958). The patients included fell into the ‘probable’, ‘definite’, or ‘classical’
categories.

Clinical details included the age of the patient, disease duration, functional grade and
X-ray stage (Steinbroker, Traeger & Batterman, 1949), articular index (Ritchie et al., 1968),
and the presence or absence of granulomatous nodules, lymphadenopathy and splenomegaly
Laboratory details included haemoglobin concentration (g/100 ml), white cell and platelet
counts (per cu mm), erythrocyte sedimentation rate (ESR mm in Ist hour-Westergren)
and serum albumin and globulin concentrations (g/100 ml).

Examination for rheumatoid factor was performed by the latex agglutination technique
(Hyland Laboratories), at a 1/20 serum dilution. Positive sera were then tested by the
sensitized sheep cell agglutination test at a titre of 1/32 and then in doubling dilutions until
an end point was reached (Ziff ef al., 1956). Antinuclear factor was detected by the technique
of Beck (1961). Sera was screened at a dilution of 1/16 and positive sera were titrated in
quadrupling dilutions until an end point of nuclear staining was reached,
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Cellular immune responses

Chemical contact sensitization with DNCB was performed by applying 2000 ug of
DNCB in 0-1 ml of acetone to an area of approximately 3 cm diameter on the volar aspect
of the upper forearm. The area was covered for 7 days and challenge doses of 25, 50 and
100 g of DNCBin 0-1 ml of acetone were applied to the opposite forearm after 14 days to
see whether sensitization had occurred. The results were read—2-4 days later when signs of
delayed hypersensitivity, viz. erythema, induration and vesiculation, were recorded.

Old tuberculin, 0-1 ml of 1/10,000 dilution, was given intradermally, and the response
read after 48 hr. An area of induration of 5 mm or more was regarded as positive. Patients
not responding to this dose were subsequently challenged with 0-1 ml of 1/1000 dilution, and
if still negative 0-1 ml of 1/100 dilution. Patients not responding to 0-1 ml of 1/100 dilution
were said to be Mantoux negative.

Humoral immune responses

Patients received two subcutaneous injections of 1 ml (about nine L.F. ) of the same
batch of tetanus toxoid with an interval of 6 weeks between injections. The tetanus toxoid
{Burroughs Wellcome) was stored in a refrigerator at 2°C until used. Blood samples were
taken before the first injection, and 14 days following the second injection. Tetanus
antitoxin concentrations were determined in mice by the method of Glenny & Stevens
(1938), the result being expressed as units of tetanus antitoxin per ml of blood. None of the
patients had received tetanus toxoid prior to the study.

Isohaemagglutinin titres were estimated using standard 2% suspensions of human
group A,, A, and B erythrocytes and doubling dilutions of serum. The degree of ag-
glutination titre was read after 60 min at room temperature. Control sera of known iso-
haemagglutinin titre were always included (Dacie & Lewis, 1968). The number of pregnancies
in patients was similar in all groups. Four patients with sero-positive rheumatoid arthritis
had had blood transfusions, none of which had been associated with transfusion reactions.

Lymphocyte studies

Lymphocyte separation techniyue. Pure suspensions of peripheral blood lymphocytes were
obtained by two different methods: (1) a modification of the method of Coulson & Chalmers
(1964) using EDTA as anticoagulant and separating the red cells from the leucocyte-rich
fraction by adding 6 ml of 3% gelatin in 0-15 M saline to 20 ml of blood and allowing the
tube to stand for 30 min at 37°C. The leucocyte-rich plasma was then defibrinated by stirring
for approximately 15 min, thus also removing the majority of polymorphonuclear leucocytes;
(2) a second method, identical to the first, except that cotton wool was added to the de-
fibrinated suspension to reduce still further polymorphonuclear leucocyte contamination of
the lymphocyte preparations. Only the lymphocyte suspensions from patients with the
sicca syndrome were purified by this method.

Residual red cells were then removed from the lymphocyte preparations by osmotic
shock, and following centrifugation at 125 g the supernatant containing free haemoglobin
and red cell ghosts was pipetted off, leaving a button of lymphocytes over 959 pure. The
cells were resuspended in 2-5 ml of 0-15 M saline and a cell count performed. Approximately
12 million lymphocytes were obtained from each 20 ml blood sample.

Estimation of the size of peripheral blood lymphocytes. The mean size of 100 lymphocytes
on peripheral blood smears stained with Leishman’s stain was obtained using a Watson
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image-shearing eyepiece. Smears were examined without knowledge of lymphocyte RNA/
DNA ratios.

Estimation of RNA|DNA ratio of lymphocytes. At least 2 million cells were necessary to
estimate the cellular RNA and DNA content. RNA/DNA ratios were measured using the
technique of Glen (1967). The RNA content of the separated RNA fraction was determined
by measuring the absorbance at 260 my and then correcting for protein contamination
(Fleck & Munro, 1962). DNA concentrations were measured by estimating the absorbance
al 265 myu (Davidson, 1957), using highly polymerized calf thymus DNA (Sigma London
Chemical Co.) as a standard.

Statistical methods

Results of DNCB and Mantoux tests and tetanus immunization were analysed using the
chi square test, with Yates’ correction for small numbers where necessary. Isohaemag-
glutinin titres were analysed using the Student’s z-test.

RESULTS

Sensitization by DNCB

Three challenge doses of DNCB 25, 50 and 100 ug were used to attempt to increase the
sensitivity of the test by revealing greater differences between the test groups and the
controls at the lower doses. However, this was not observed, and so all patients responding
to 100 ug DNCB were said to have been sensitized.

Table 1 shows the clinical features of the patients tested and the results of exposure to
DNCB. Twenty-two of twenty-four (91-7%) control subjects were sensitized to DNCB.
This is approximately the number one would expect to become sensitized in a normal
population (Waldorf et al., 1966). Normal responses to DNCB were observed in patients
with the sicca syndrome (nineteen of twenty-four; 79-7%;) and sero-negative rheumatoid
arthritis (eleven of twelve 91-79(). Reduced numbers of patients sensitized to DNCB were
found in sero-positive rheumatoid arthritics (ten of seventeen; 58-8%,; P<0-05) and
rheumatoid arthritics with Sjsgren’s syndrome (eight of sixteen; 50%; P<0-005). The
results noted in sero-positive and sero-negative rheumatoid arthritics did not differ signifi-
cantly from each other, probably because too few patients with sero-negative rheumatoid
arthritis have been examined.

TasLE 1. Results of DNCB sensitization

No. DNCB positive

Clinical group Number Age (yrs) 25 ug 50 ug 100 pg

Controls 24 59-3+ 81 16 (66:7%4) 17 (70:8%;) 22 (91-7%4)

Sero-positive RA 17 553+ 91 50@94%) 6(353%) 10(588%)

Sero-negative RA 12 4644132 7 (58:3%) 8 (66:7%¢) 11 (91:7%7)

RA 4 Sjegren’s 16 57-14+10-7 3(188%) 53135, B8 (500%)
syndrome

Sicca syndrome 24 63-8+10-8 10 (41-797) 15 (62:5%) 19 (792%4)
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TaABLE 2. Results of Mantoux tests

Mantoux positive

Clinical group Number Age (yrs) 1/10,000 1/1,000 1/100

Controls 26 599+ 85 4 (15-4%) 11 {42:3%;) 21 (80-8%)
Sero-positive RA 32 5484 87 4(12-5%) 11 (34-4%,) 22 (68-8%)
Sero-negative RA 21 51-04-13-7 3 (14-3%) 5238%) 13 (61:9%)
RA + Sjogren’s 19 55-7+10:4 1(53%) 2 (10-5%) 11 (57-9%;)

syndrome P<005
Sicca syndrome 24 63-8+10-8 2 (8:3%) 6 (25%) 11 (45-0%)
P<0-05

An attempt to correlate DNCB unresponsiveness with clinical and laboratory indices
revealed that the sero-positive rheumatoid arthritic patients had a significantly lower serum
albumin level (P <0-01) and a higher mean articular index (P <0-025) than sensitized patients
No correlations were seen in the other clinical groups.

Mantoux tests

The mean age and sex distribution of patients Mantoux tested are shown in Table 2.
Although all four test groups contained fewer Mantoux positive individuals than the control
group at all three dilutions, only the groups of patients with rheumatoid arthritis and
Sjegren’s syndrome, when tested with the 1/1,000 dilution (P <0:05), and patients with the
sicca syndrome, when tested with the /100 dilution (P<0-05), had significantly reduced
Mantoux responses. Patients with sero-positive rheumatoid arthritis who were Mantoux
negative had a significantly higher mean erythrocyte sedimentation rate (P<0-025) than
those who were Mantoux positive, and patients with sero-negative rheumatoid arthritis who
were Mantoux positive had a significantly lower mean serum albumin (P<0-01) and a
significantly higher mean erythrocyte sedimentation rate (P <0-005).

No relationship between the responses to DNCB and Mantoux testing were observed in
any of the clinical groups (Table 3).

TasLE 3. Comparison of results of DNCB skin sensitization and Mantoux tests

DNCB positive DNCB negative
Clinical group Mantoux Mantoux Mantoux Mantoux
positive negative positive negative

Controls

24 17 (77-3%)  5(227%,) 2 (50:0%;) 0 (50-0%)
Sicca Syndrome 24 10 (52-6%,) 9 (47-4%) 1 (20-:0%) 4 (80-0°%,)
RA +Sjggren’s syndrome 6 (750%)  2(250%) 5(62:5%) 3 (375%)

16
Sero-positive RA

17 8 (80-0%;) 2{200%) 5(714%) 2(286%)

Sero-negative RA
12 5(45-4%,) 6(54:5%) 1(100%) 0 (0%
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Lymphocyte RNA/DNA ratios

The results of the nucleic acid estimations in normal subjects, using the two techniques
for obtaining pure lymphocyte suspensions, showed a small but insignificant variation (Fig.
1). However, it was decided to compare the mean lymphocyte RNA/DNA ratio in each
group of patients to the values noted in control patients using the same method of purifying
suspensions of lymphocytes.

The distribution of RNA/DNA ratios is shown in Fig. 1. The mean ratios for patients
with the sicca syndrome (0-330+S.D. 0-098) and sero-negative rheumatoid arthritis (0-293
+S.D. 0:033) do not differ significantly from those found in normal subjects. Significantly
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FiG. 1. Distribution of Iymphocyte RNA/DNA ratios in the clinical groups studied

raised values were however noted in sero-positive rheumatoid arthritics (0-:364 £+ S.D. 0-054;
P <0-:001), and rheumatoid arthritics with Sjegren’s syndrome (0-:366 + S.D. 0-060; 2 <0-001).
The difference between the RNA/DNA ratios in patients with sero-positive rheumatoid
arthritis is higher than that found in sero-negative individuals (P <0-01).

Relationship between RNA|DNA ratio of peripheral blood lymphocytes and l[ymphocyte size

A correlation was found (r = 0-76) between the mean diameter of lymphocytes in the
peripheral blood, and the RNA/DNA ratio of the patient’s peripheral blood lymphocytes
(Fig. 2). This suggests that patients with sero-positive rheumatoid arthritis, or rheumatoid
arthritics with Sjegren’s syndrome, who have elevated lymphocyte RNA/DNA ratios, either
have increased numbers of large lymphocytes in their peripheral blood, or a reduction in the
number of circulating small lymphocytes.

Response fo tetanus immunization

The results of tetanus immunization are shown in Table 4. There is a wide range of
values in normal subjects and also in the various disease groups. The anti-toxin responses to
secondary immunization were reduced in six cases of rheumatoid arthritis complicated by



Sjogren’s syndrome and rheumatoid arthritis 727

o5

o0
g << .2 |-
] 03
xlio

02

Ratio

| L 1 1 | !
[$) 8 10 12

Mean lymphocyte diameter (u)
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Sjegren’s syndrome, and cight cases of sero-positive rheumatoid arthritis. The lowest
secondary response in the controls was between 0-02 units/ml and 0-05 units/ml and re-
sponses less than this we have arbitrarily considered subnormal. In those groups with
sero-positive rheumatoid arthritis and those with Sjegren’s syndrome associated with
rheumatoid arthritis, the number of poor responders was significantly greater than in the
control group (P<0-001 for sero-positive rheumatoid arthritis, P<0-001 for patients with
rheumatoid arthritis associated with Sjegren’s syndrome).

Isohaemagglutinin titres

Table 5 shows the distribution of isohaemagglutinin titres in the clinical groups studied
Compared to the control groups, patients with the sicca syndrome (P <0-05), and sero-
positive rheumatoid arthritis (P <0-01) had significantly reduced levels of anti-A . Reduced
levels of anti-A, were found in patients with Sjegren’s syndrome (P<0-05) and sero-
positive rheumatoid arthritis (P <0-02). Normal levels of anti-B were found in all clinical
groups.

DISCUSSION

In this study we have measured the cellular and humoral immune responses in patients with
sicca syndrome, rheumatoid arthritis complicated by Sjegren’s syndrome, and rheumatoid
arthritis alone. The delayed hypersensitivity response to the chemical contact sensitizing
agent DNCB was found to be normal in patients with the sicca syndrome, and those with
sero-negative rheumatoid arthritis. Patients with rheumatoid arthritis complicated by
Sjegren’s syndrome, and sero-positive rheumatoid arthritics exhibited impaired responses.
Skin sensitization with DNCB has been attempted previously in patients with Sjegren’s
syndrome (Leventhal, Waldorf & Talal, 1967) and rheumatoid arthritis (Epstein & Jessar,
1959; Leventhal et al., 1967). Our results are similar to those of Talal’s group, but they also

c
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observed a markedly diminished ability for patients with the sicca syndrome to become
sensitized. This may reflect differences in patient selection and disease severity, as his
patients have a relatively high incidence of lymphoid neoplasms (Talal & Bunim, 1964;
Talal et al., 1967), and patients with the sicca syndrome having this complication have been
shown frequently to have neuropathy, arteritis, lymphadenopathy, splenomegaly and
hyperglobulinaemia (Talal et al., 1967), all of which are indications of severe disease. The
observation that patients with the sicca syndrome complicated by ‘pseudo-lymphoma’
usually could not be sensitised to DNCB (Leventhal et al., 1967) supports this suggestion.
Epstein & Jessar (1959), when assessing contact-type delayed hypersensitivity in patients
with rheumatoid arthritis, used two antigens, DNCB and paranitrosodimethyl aniline
(NDMA). Their results demonstrate a significant reduction in the number of rheumatoid
arthritics who could be sensitized to NDMA, a weaker sensitizer than DNCB, to which
normal response were obtained. The normal responses to DNCB may have been because
these authors did not differentiate between sero-positive and sero-negative patients (39%
of the patients were sero-negative for rheumatoid factor), and our results show that sero-
negative rheumatoid arthritics respond normally to DNCB.

Why patients with sero-positive rheumatoid arthritis and rheumatoid arthritis with
Sjegren’s syndrome should not respond to DNCB is difficult to explain. The finding of
normal Mantoux responses shows that the memory cells are intact, and able to mount a
delayed hypersensitivity reaction in response to antigenic challenge, which suggests that
unresponsiveness to DNCB may be due to a defect on the afferent side of the immunological
response. This could be due to failure of immunologically competent small lymphocytes to
come in contact with the area of skin exposed to DNCB, or alternatively the small lympho-
cytes having been exposed to DNCB, may fail to proliferate on reaching the local lymph
node. Alternatively, unresponsiveness may be due to a defect on the efferent side of the
immunological response. Thus, elevation of the RNA/DNA ratios of peripheral blood
lymphocytes which has been shown to be due to an increase in the mean lymphocyte
diameter, suggests that patients having elevated ratios have either a circulating population
of large lymphocytes, perhaps transformed in response to antigenic stimuli, and/or a
decrease in the number of circulating small lymphocytes possibly due to sequestration
peripherally in the synovium. The finding that the groups of patients responding poorly to
DNCB were the same as those with elevated lymphocyte RNA/DNA ratios suggests that
the inability to become sensitized to DNCB may be due to such mechanisms. Finally, it is
known that macrophages in patients with rhematoid arthritis have diminished phagocytic
ability, and are unable to process protein antigens properly. Furthermore, they also
respond poorly to chemotactic agents (Holt, 1970). All these factors could possibly account
for failure to respond to DNCB, and obviously merit further study.

Diminished secondary responses to tetanus toxoid immunization occurred in patients
with sero-positive rheumatoid arthritis and rheumatoid arthritis complicated by Sjegren’s
syndrome. The reason for this is not apparent, but it is of interest that Barr et al, (1964)
noted similar responses in patients with autoimmune thyroiditis. Conceivably patients who
have high titres of humoral autoantibody have a diminished capacity to produce other
immunoglobulins just as they have diminished albumin synthesis. On the other hand high
or normal antitoxin titres to tetanus and diphtheria toxoids have been reported in patients
with alcoholic cirrhosis where hypoalbuminaemia and general protein deficiency are evident
(Havens, Shaffer & Hopke, 1951; Havens, Myerson & Klatchko, 1957; Cherrick et al.,
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1959; Buchanan et al., 1962). Moreover, antibody production is known to be normal in
states of malnutrition (Gelfand, 1971. Personal communication).

Anti-A isohaemagglutinin titres were reduced in patients with the sicca syndrome and in
patients with sero-positive rheumatoid arthritis. Anti-A, levels were reduced in patients
with the sicca syndrome, rheumatoid arthritis with Sjogren’s syndrome, and sero-positive
rheumatoid arthritis. Other workers have noted decreased titres of anti-A and anti-B
isohaemagglutinins in rheumatoid arthritic sera (Rawson, Abelson & McCarty, 1961;
Rawson & Abelson, 1964; Kornstad, Guldberg & Kornstad, 1970). As isohaemagglutinins
are exclusively IgM immunoglobulins (Kunkel, 1960). it is possible that the immune system
is exclusively producing IgM rheumatoid factor and the presence of normal isohaemag-
glutinin titres in sero-negative rheumatoid arthritics is in agreement with this suggestion.
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4.1 Introductory review

The immune basis of allograft rejection has been established
beyond question and an extensive literature on this topic has
accumulated (Brent and Medawar, 19673 Elves, 1966).,  Not
unexpectedly in the light of present understanding of immune
reactions, antibody as well as cell bound mechanisms have been
congidered responsible for the rejection process. An early
observation by Gorer (1937), the appearance of circulating iso-
agglutinins following tumour transplantation, stimulated the search
for anti-graft antibodies and claims of the importance of humoral
mechanisms in renal transplantation have been made (Stetson, 19633
Altman, 19633 Milgrom, Litvac, Kano and Witebsky, 1966), On the
other hand the active role of the lymphocyte in the processes of
rejection has been firmly established since transplantation immunity
can be transferred by lymph node cells (Mitchison, 1954), spleen
cells (Billingham, Brent and Medawar, 1954), and peripheral blood
leucocytes (Billingham, Silvers and Wilson, 1962).

The apparently conflicting claims of the importance of humoral
mechanisms and cell bound immunity in rejection phenomena are less
at variance when it is appreciated that rejection of a graft may
take more than one form, An understanding of the pathology of
graft rejection has evolved and although based on experimental work

in rats (Strober and Gowans, 1965) and on studies of canine renal
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allografts (Porter, Joseph, Rendall, Stolinski, Hoehn and Calne,
1964, and others), reviewed by Porter (1967), the process is
probably as follows.

Within a few hours of the host blood circulation being
established in the graft, host lymphocytes are exposed to graft
antigens either by traversing the graft itself or in the local
lymph nodes. In either case these lymphocytes reach the local
lymph node or the spleen and give rise to a dividing line of cells,
the immunoblasts. Over the succeeding few days the progeny of the
immunoblasts are released via efferent lymphatics and the blood
stream to reach the graft, There, these so called immunocytes
interact probably with the endothelium of peritubular capillaries
and gradual invasion of renal parenchyma with progressive tissue
damage ensues, This is the pathology of acute renal allograft
rejection occurring ih the absence of immunosuppressive drugs,
within two weeks of the time of transplant. It is principally
a cell mediated process, A proportion of rejected kidney grafts
show only a minor cellular infiltrate, In these cases wvascular
damage is more conspicuous and there may be fibrinoid necrosis of
arteriolar walls with platelet thrombi in glomerular capillaries.
Here the presence of immunoglobulins, IgG and IgM as well as
components of complement in the lesions, make it likely that
antigen-antibody complexing is important for this type of
rejection and may well initiate the formation of platelét thrombi

(Mowbray, 1966). Although of necessity this description has
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derived from animal experiments, there is evidence that rensl
allografts in man are rejected by the same mechanisms (Starzl,
19643 Porter, 1967). The use of immunosuppressive drugs is
considered to modify principally the time scale of these events
although Mowbray (1970) considers that in patients on adeguate
doses of steroids and azathioprine,humoral mechanisms are more
important than cell mediated effectsin human renal allografts.

The nature of the mononuclear cells which invade the graft
in rejection is of special interest., Porter (1967) has
classified the cells and recognises three types. Firstly, large
lymphoid cells with cytoplasm packed with RNA in the form of
ribosome clusters, the larger of these cells are the immunoblasts,
the smaller the immunocytes; secondly, macrophages characterised
by evidence of pinocytosis, the presence of lysosomes and small
vesiclesy and lastly, plasma cells, Early in the course of
graft rejection immunocytes and immunoblasts pfedominate while
later a greater proportion of macrophages and plasma cells are
found. Hall (1967) in a comprehensive series of experiments on
sheep with skin allografts demonsirated that immunocytes were
produced in the lymph node draining the site of the graft and
appeared in efferent lymph. Since these cells drain via major
lymphatic trunks and appear ultimetely in the blood they may be
detectable by chemical measurements on isolated blood mononuclear
cells,

Recently a report has appesred of morphological abnormalities
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in the blood lymphocytes in man in response to renal allograft
(Parker and Mowbray, 1971). There are also reports of functional
abnormalities of blood. Inhibition of leucocyte migration under
standard conditions has been shown to be a measure of cell mediated
hypersensitivity (Soborg and Bendixen, 1967) and this method has
revealed the presence of strong sensitization to kidney and
histocompatibility antigens in renal allograft rejection (Smith,
Eddleston, Dominguez, Evans, Bewick and Williams, 1969). The
phytohaemagglutinin response of the blood lymphocytes in patients
with a renal allograft on immunosuppressive therapy is impaired
and there may be some lessening of this impairment prior to an
episode of kidney rejection (Tennenbaum, St. Pierre and Cerilli,
1968). Another author however has reported no change in the
phytohaemagglutinin response prior to rejection (Joseph, 1966),
but it appears that spontaneous transformation of lymphocytes in
culture is increased when the cells are obtained from a patient
prior to a rejection episode (Tennenbaum, St. Pierre and Cerilli,
1968). The changes in spontaneous transformation are supported
by the observations of an increase in the rate of RNA synthesis
(Parker, Ellis, Cameron, Ogg and Mowbray, 1970) and of DNA synthesis
(Hersh, Butler, Rossen and Morgan, 1970) in peripheral blood
lymphocytes at times of rejection. Spontaneous transformation is
believed to indicate a sensitization of the lymphocytes to antigen

or antigens and the impaired phytochaemagglutinin response may have
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resulted from the effect of immunosuppression. This last

suggestion is uncertain since in the published work the impaired
response is not usually present early in the life of the graft at
a time when the immunosuppresive drugs are used in greatest dose.

On the assumption that a renal allograft has been achieved
with an adequate, but less than perfect tissue match, one of the
main problems in the management of the recipient is the balancing
of suppression of graft rejection processes with the danger of
impairment of the patient's response to infection, This problem
is magnified when rejection of the graft is suspected and immuno-
suppressive therapy has to be increased. Berenbaun (1967), in a
review of the reports of the Kidney Transplant Registry, points
out that difficulties associated with drug toxiecity and infection
account for about one third of graft failures and are also factors
in most instances of death in the recipient, Immunosuppression
is usually monitored by maintaining the white cell count within
the 5,000 to 10,000 cells per mm3 range, This method igs at best
empirical and there is a great need for a method which will allow
better control of immunosuppression and give an early indication
of impending graft rejection,

Both azathioprine and prednisone, the established immuno-
suppressive drugs used in renal transplantation in man, are
inhibitors of nucleic acid synthesis in lymphocytes (Berenbaum,
19673 Tormey, Fudenberg.and Kamin, 1967), and measurement of

lymphocyte DNA and RNA content is therefore of potential value in



141

monitoring the effect of these drugs. In this section a series
of these measurements on the blood lymphocytes from nineteen
patients with a renal allograft is presented with the double
objective of observing the effect of immunosuppression on the
chemical analyses and of testing the hypothesis that changes occur
in the blood lymphocytes in rejection in advance of changes in
renal function, the most reliable sign of impending rejection
(Chisholm, Papadimitriou, Kulatilake and Shackman, 1969).

Thoracic duct drainage prior to renal transplantation has had
a limited trial as an adjunct to immunosuppressive therapy (Murray,
Wilson, Tilney, Merril, et al., 1968 3 Sarles, Remmers, Fish, et
al., 1970), In a separate study, the opportunity was taken to
monitor the chemistry of the lymphocytes obtained from the thoracic
duct in man as immunosuppressive drugs, azathioprine and prednisone
were commenced, The serial measurements obtained should be
helpful in the interpretation of results of the blood lymphocyte
analyses in patients on this regime. The technique of thoracic
duct fistula (Tilney and Murray, 1968) with continuous drainage
of the lymph and return of the cell free lymph to the patient
intravenously, provides massive numbers of lymphocytes of the
order of ten thousand million per day, free from contamination
with other leucocytes., It was possible therefore to study the
chemistry of human thoracic duct lymphocytes without the constraint
of limited material,

Considerable controversy exiisted at the time of the study over
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the nature of the RNA species present in lymphocytes especially
in the early stages of the response of the cell to phytohaem—
agglutinin, Although the bulk of RNA in lymphocytes is ribosomal
RNA, two groups of workers (Cooper and Rubin, 19653 Kay, 1966 )
considered that the RNA rapidly synthesised in response to
phytohaemagglutinin was not principally ribosomal or ribosomal
precursor RNA, There is now much more information about the
process of biosynthesis of RNA and the molecular species involved,
a topic which has been reviewed by Burdon {(1971). RNA destined
to be ribosomal RNA is transcribed in the nucleolus from DNA as

a high molecular weight material recognised experimentally by its
sedimentation during high speed centrifugation as 45s RNA, This
material is processed before it appears in the cytoplasm where it
is found as two distinet molecular species, the 18s and 28s
components of ribosomal RNA, Although it is now recognised that
the lymphocytes, even when stimulated by phytohaemagglutinin,
conform to the usual mammalian cell process for RNA maturation
(Mon jardino and MacGillivray, 1968; Cooper and Kay, 1969) the
earlier work of Cooper and Rubin (1965} was the stimulus to the
investigation to be described.

Cooper and Rubin (1966) described a heterogeneous RNA,
extractable from lymphocytes after short term, i.e., less than three
hours, exposure to phytohaemagglutinin and recognisable as non-
ribosomal RNA by pulse labeling and chase of the label with

actinomycin D, The nature of such RNA was then unknown but its



143

presence in cells stimulated by phytohaemagglutinin suggested that
the rapidly labelled RNA might be a messenger RNA, Their work
was restricted by limited material and non-lymphocyte RNA was
required as a carrier in their RNA extraction procedures, The
experiments described in this thesis provide an answer to the
guestion of the nature of lymphocyte RNA in the resting and

stimulated state,

Material and Methods

Clinical material,

Serial measurements of blood lymphocytes in patients with a
renal allograft.

This is a study of nineteen patients, recipients of twenty
renal allografts, all but one carried out in the three years period
up to the end of 1970, There were four live donors and sixteen
cadaver donor kidneys in the series; +the recipients were nine
males and nine females, one male receiving a second graft. The
mean age of the patients was thirty—-one years with a range of from
seventeen years to forty-six years. In addition, some results
from a patient studied after this period were included since they

illustrated a type of rejection noted in the main study, but less

well documented, This patient was a female aged eighteen years
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who received a live donor renal allograft, Details of all these
patients including an assessment of the tissue match according to
the criteria of Botha (1969) are included in Appendix 10.
Immunosuppression was maintained with azathioprine given as an
initial dose of 3 mg per kg and then regulated according to the
white cell count, and prednisone 200 mg per day, started at the
time of the transplants and reduced daily in steps of 10 mg to a
maintenance dose of from 10 mg to 30 mg per day. Definite clinical
rejection episodes were diagnosed in the event of an increased
serum creatinine and a decreased creatinine clearance present for
twenty—-four to forty—eight hours. Other factors such as decreased
urine volume and renal tenderness were inconsistent findings.,
Such episodes were treated by an intravenous infusion of 1 g
prednisolone given over a two hour period and repeated on the
following day if necessary. Two patients received x-irradiation
(150 rads) to the area of the allograft during rejection crises,
Samples of venous blood were taken from the patients, always
between 8,30 a.,m, and 10.30 a.,m., for the lymphocyte analyses as
well as the general monitoring of the patient by the usual series
of tests, In the initial stage of the project, blood sampling
for lymphocyte analyses was infrequent and for this reason and
because of early graft failure in some cases, less than five blood
samples were obtained during the life of each of four grafts.
In the remaining fourteen allografts 289 lymphocyte analyses were

undertaken during 141 graft months, i.e., each patient had
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on average an analysis every two weeks, In practice, the blood
sampling was more frequent early in the life of the graft when the
immunosuppressive therapy was being adjusted and it became apparent

that sampling twice per week would be advantageous,

Studies on thoracic duct lymphocytess serial measurements of the
lymphocyte RNAP/DNAP ratio and analysis of the nature of

lymphocyte RNA,

The four subjects in this study were patients maintained by
intermittent haemodialysis prior to receiving allografts in the
transplantation unit of the Peter Bent Brigham Hospital,. The
regimen before renal transplantation was not the conventional one
and suppression of the immune response was carried out as follows:
thoracic duct lymphocytes were drained continuously from a fistula
beginning five days (in one patient nine days) before transplantations
azathioprine (2,5 mg daily per kilogram of body weight) was given
starting forty-eight hours before operation, and prednisone
(1.5 mg daily per-kilogram of body weight) twenty-four hours before
kidney transplantation, These drugs were continued for the life-
time of the allograft, dosages being adjusted as dictated by the
patient's clinical state, The lymph was allowed to flow freely
and was collected in sterile citrate-phosphate-dextrose bhags

(Fenwal Laboratories); +the cells were separated from the lymph by
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centrifugation at 150 gav, The cells were retained and the

supernatant lymph fluid returned to the patient intravenously.

Methods.

Serial analyses of blood lymphocyte DNAP, RNAP and RNAP/DNAP
ratio were carried out by the gelatin and cotton wool cell
separation technigue (Section 2.3) followed by the standard
chemical technique (Section 2.8). The cytological methods used
were those described in Section 2.5.

In the serial measurements of the DNA and RNA content of
thoracic duct lymphocytes a much simplified cell separation
procedure was adopted which produced excellent lymphocyte
preparations, Prior to estimation of the nucleic acid content
of these lymphocytes, they were freed of red cells by osmotic
shock, fifteen seconds in ice cold distilled water, and analysed
either freshly harvested or after short term storage at -~40C

(Section 2,15).

Tissue typing.

The tissue typing procedures were carried out in the Glasgow
Royal Infirmary following the microdrop technique of Terasaki and

McLelland (1964) and assaying for leucocyte antigens., The results
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are listed according to the tissue match using the classification

of Botha (1969),

Short term lymphocyte cultures,

Thoracic duct lymphocytes were obtained from anephric patients
Jjust prior to renal transplantation whose blood urea nitrogen
levels were kept low by freguent haemodialysis,. The lymph
contained about 98% small lymphocytes with variable contamination
with erythrocytes. ILymph, collected in plastic citrate-—-phosphate—
dextrose bags, was centrifuged at 4C at 600 gav for ten minutes and
the cell button washed twice with Medium 199 (Grand Island
Biological Co.). Lymphocyte cultures were set up in Medium 199
with 3% autologous serum at a concentration of éO X 106 lymphocytes
per ml, PHA-P (Difco), diluted according to specifications of the
manufacturer, was used at a final concentration of 0,3 ml per
100 ml of suspension and the same volume of sterile saline was used

3

in control tubes. Uridine H” was added to the cultures as will be

detailed,

Isolation of nuclei.

Lymphocyte nuclei were isolated by a method similar to that of

Pogo, Allfrey and Mirsky (1966), All procedures following
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harvesting of cells were carried out at OC to 4C unless stated
otherwise, After the cell harvesting centrifugation O,01lM

citric acid (29 ml per tube) was added to the cell button and the
resulting suspension agitated using a snugly fitting teflon pestle.
Suspensions were then centrifuged at 5000 r.p.m, for five minutes
in a Sorval RC2B centrifuge (3000 gav) and the citric acid
treatment repeated. After a final wash with 10 ml of 0.34 M
sucrose, a drop of the suspension was removed and stained with
azure C to monitor the presence of clean lymphocyte nuclei, The
nuclei were then collected by another centrifugation (3000 gav)

and RNA extracted from them,

RNA extraction, fractionation and counting.

Lymphocyte nuclei or whole lymphocytes were homogenised with
a teflon pestle in 10 ml to 12 ml of 0,3% sodium dodecyl sulfate
containing 0,14 M sgodium chloride and 0,05 M sodium acetate
(pH 5.1). After a few strokes, an equal volume of 90% phenol
containing 0,1% hydroxyquinoline was added and the mixture
homogenised further, The suspension was immediately shaken at
65C for ten minutes, shaken at room temperature for fifteen
minutes, and centrifuged (17,000 gav) for fifteen minutes at 4C.
The clear aqueous layer was then removed and the RNA precipitated
with 2.5 volumes of ethanol containing 2% potassium acetate,

RNA was reprecipitated once with ethanol, An aliguot of an
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aqueous solution of the RNA containing 100 pg RNA was layered on

a 5 ml 10% to 40% linear sucrose density gradient, and centrifuged
for fifteen to sixteen hours at 24,000 rev/min in the SW 50 head of
the Beckman L2 ultra-centrifuge. Gradients were passed through
the cell of a Gilford model 2000 recording spectrophotometer and
collected in fractions of eight drops each. Bach preparation
produced about sixteen fractions, After addition of one drop of
5M perchloric acid to each vial, the fractions were hydrolysed at
80C for fifteen minutes, cooled, and scintillation solution (10 ml)
added to each vial, The scintillation fluid was of the following
compositions Xylene 500 ml, Dioxane 1500 ml, BEthylene glycol
monomethyl ether 1500 ml, PPO 35 g, POPOP 1.75 g, Napthalene 280 g.
Uridine H3, generally labelled, was the isotope used in the
experiments and was obtained from New England Nuclear Corporation
at a specific activity of 5C/mM. Radiocactivity was determined in
a Beckman CPM 100 liquid scintillation system. Quench curves were
prepared for the counting conditions used and a counting efficiency

of between 14 and 18 per cent established throughout.
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RIEESULTS

4.3 Blood lymphocyte DNA content in patients with a renal allograft

The mean lymphocyte DNA content for all the observations in
the seventeen patients studied was 0,824 pg DNA phosphorus per 106
cells with a standard deviation of 0,165, This was slightly
higher than the mean DNA content of the lymphocytes found in
normal untreated individuals, mean value 0,732 pg DNA phosphorus
per 106 cells, and this difference was significant by t-test at
the five per cent level. There was a significant difference in
variance for this comparison (F = 2,10, p = <« 0.05) and the t-test
result was therefore confirmed by Welsh's test for 'd' which

upheld the result (nl = 20, n, = 299, d = 2,11, 1.0, p = <0.,05).

2
When the DNA values were examined after allocation of the
patients to four clinical groups, as will be defined later, the
results were as followss: no infection, no rejection, 0,824
unequivocal infection,0.8363 unequivocal rejection,0.805;
excessive immunosuppression,0,856 pg DNA phosphorus per 106 cells.
There were no significant differences between the groups and it
is therefore valid to regard any changes in the lymphocyte RNAP/

DNAP ratio between groups as evidence of alteration in lymphocyte

BNA content.
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4+4 The blood lymphocyte RNAP/DNAP ratio in patients with a renal

allograft in relation to the blood lymphocyte count

The results of two hundred and ninety-nine analyses of both
the blood lymphocyte RNAP/DNAP ratio and the blood lymphocyte count
are shown in Figure 13,

In normal individuals not receiving immunosuppressive therapy,
the accepted values for the normal blood lymphocyte count iz from
1500 to 3500 cells per mm3. Figure 13 shows eighty-—four samples
with a lymphopenia of 1000 cells per mm3 or less. Ten samples
showed a lymphocytosis with & lymphooyte count of 3500 cells per
mm3 or greater,

It can be gseen from Figure 13 that the blood lymphocytes from
patients with a renal allograft and receiving immunosuppressive
treatment can have RNAP/DNAP ratio results outwith the range found
in normal individuals of 0,20 to 0.40. Strictly, the two standard
deviation normal range is 0.22 to 0.37 (Section 3.4). The range
0.20 to 0.40 gives convenient values cloge to the three standard
deviation limits of normal, On fifteen occasions the lymphocyte
RNAP/DNAP ratio was low and on fifty-four occasions it was elevated
when compared to the lymphocytes of normal untreated individuals,
Examination of Figure 13 would suggest that a low lymphocyte RNAP/
DNAP ratio is associated with lymphopenia while a high lymphocyte

RNAP/DNAP ratio may be associated with a normal or low lymphocyte

count,



Figure 13

Blood lymphocyte RNAP/DNAP ratio and lymphocyte count in patients

with a renal transplant, all results.
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These results were obtained by serial anslyses of the blood
lymphocytes from nineteen patients with a renal allograft studied over
a period of three years. The broken lines indicate limits set for the
recognition of lymphopenia (less than 1,000 lymphocytes per mm3) and an

abnormsal lymphocyte RNAP/DNAP ratio (outwith the range 0.20 to 0.40).
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4.5 The relationship between the results of the analyses of blood

lymphocyte count and RNAP/DNAP ratio and the clinical state

in patients with a renal allograft

In order to arrive at a range of values for the lymphocyte
analyses in immunosuppressed patients with good graft function and
to show possible differences in the lymphocyte fesponse to infection,
rejection or excessive immunosuppression, four clinical states were

defined,

(A) No infection or rejection.

To qualify for this group, patients had to be free of clinical
or laboratory evidence of generalised or local infection or graft
rejection at the time of or within ten days of analysis. In
addition, the creatinine clearance had to be at least 50 ml/min,

If the patient had more than one rejection episode in the past they

were not included in this group.

(B) Unequivocal infection,

To be included in this group the patient had to exhibit
clinical and laboratory evidence of viral, fungal or bacterial
infection. The possibility of the presence of rejection excluded

patients from this group,.
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(C) Unequivocal rejection,

Inclusion in the group required that clinical suspicion of
graft rejection, acute or chronic, should be confirmed by a
substantial elevation of the plasma creatinine maintained for
twenty—~four hours, A substantial rise of plasma creatinine was
defined as an increase of 0.5 mg per 100 ml when the plasma
creatinine was under 2.0 mg per 100 ml, and a rise of 1,0 mg when
the initial plasma creatinine was greater than 2 mg per 100 ml,
The presence of infection excluded patients'! results from this

group.

(D) Excessive immunosuppression.

Patients were included in this group if they had had a blood
3

leucocyte count of lesg than 4000 cells per mm~, and no evidence
of rejection or significant infection, A leucocyte count of less

3. . . .
than 4000 cells per mm~ is recognised as an early sign of excessive

immunosuppressive therapy, especially of azathioprine,

The blood lymphocyte counts and the lymphocyte RNAP/DNAP
ratios for these groups are summarised in Table 22, Thirty-seven
results from six patients comprised Group A, Nineteen results
from seven patients comprised Group B. Jeventeen results from

ten patients comprised Group C and nine results from three patients



Table 22

The results of blood lymphocyte counts and the lymphocyte RNAP/
DNAP ratio in four categoriesy; A) no infection or rejection,
B) unequivocal infection, C) unequivocal rejection, D) excessive

immunosuppression, all in patients with a renal allograft.

t
!

'Blood Lymphocytg count Lymphocyte RNAP/ |

Category Numbex cells per mm : DNAP ratio
A Mean 2224 : Mean 0,300
No infection, 31 SD 1056 , 8D 0.047
no rejection !
i
B Mean 1792 . Mean 0.354
Unequivocal infection 19 sD 1028 8D 0.066
C Mean 888 Mean 0.422
Unequivocal rejection 11 SD 536 SD 0,063
D Mean 632 Mean 0.253
Excessive ? 3D 403 SD 0.071
immunosuppression

The categowieg Ay By C and D are defined in Section 4.5 of the

text.
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Table 22 (contt'd)

Analysis by F-test

Degreecs of
freedon

Blood lymphocyte count

A

" =

v

v
v
v

Q U o u

36, 18
36, 16
36, 8
18, 16

Lymphocyte RNAP/DNAP

" o= e

v

v
v
v

O Q o &

B

C
D
C

]

il

36, 18
36, 16
36, 8
18, 16

1.05
3.88
6.86
3.68

1.97
1.80
2.29
1.09

No infection, no rejection

Unequivocal infection

Unequivocal rejection

Excessive immunosuppression

Probability

N.3.
<0.001
< 0,001
< 0,01

N.s.
N.S.
N.S.
N.S.



Table 22A

Analysis of the mean values of the results from Table 22.

Where there is significant difference in variance the d-test

hag been used in place of the t-test.

Comparison

Blood lymphocyte count

A

W = e

v

v
v
v

Q O a o

54
36, 16
36, 8
18, 16

Lymphocyte RNAP/DNAP

e

v

v
'
v

B

C
D
C

54
52
44
34

Degrees of
freedom

1.13

3.76
3.80
3.52

3.54
8.15
2.42
3.23

d

6.15,0.6
6.16,0.6
3.36,0.6

*
Differences are significant.

"Probability

<Oo30 470020
*
< 0.01
*
<0.01
%
<0.01

*<0.001

¥ 0.001
20,02 0,01
£0.01 »0.001

Probability values are calculated from the statistic d where

differences in variance have required this to be used.

U Q w P

]

H

Ii

No infection, no rejection

Unequivocal infection

Uneguivocal rejection

Excessive immunosuppression
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were included in Group D.

Results from patients with neither rejection nor infection are
taken as the normal group in this study of renal allografts, The
results are very similar to published values for the blood
lymphocyte count and the observed lymphocyte RNAP/DNAP ratio in
normal untreated individuals, although a tendency to slight
lymphopenia is noted in patients with treated allografts. Serial
analyses from individual patients show a striking stability of the
RNAP/DNAP ratio in patients included in this group., This is
illustrated by the results obtained in patient BL displayed in

Figure 15.

Blood lymphocyte counts in the four clinical states.

A useful intercomparison may be made between the four clinical
states defined above, applying Student's t-test to the mean value
for each group (Table 22), In the presence of infection the mean
blood lymphocyte count is lower than when there is no infection,
but this has not been shown to have statistical significance.

When unequivocal rejection is present there is a statistically
significant lymphopenia (p = =« 0.001), Not unexpectedly since
leucopenia defines the group, lymphopenia was present in the

Group D patients (excessive immunosuppression),
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Blood lymphocyte RNAP/DNAP ratio in the four clinical gTroups.,

The lymphocyte RNAP/DNAP ratioc results for the patients are
listed in Table 22, Group B (infection group) and Group C
(rejeotion group) each showed a significantly greater mean value
for the lymphocyte RNAP/DNAP ratio than Group A (no infection or
rejection), p = « 0.00L in each case, Although the degree of
elevation of the mean lymphocyte RNAP/DNAP ratio was significantly
greater in the presence of rejection than in the infection group
(p = < 0.01), there is considerable overlap of observed values for
the ratio in these two groups. The findings of a reduction in
the lymphocyte RNAP/DNAP ratio in the presence of over-immuno-
suppression (Group D) is of relevance later in differentiation of
the causes of lymphopenia.

When the value of the lymphocyte RNAP/DNAP ratio and the blood
lymphocyte count are considered together in the same four clinical
groups a clearer pattern emerges as may be seen from examination of
Migure 14. This shows the individual values for the relationship
between the blood lymphocyte count and the lymphocyte RNAP/DNAP
ratio separately plotted for each of the four groups. These
results are now summarised.

When neither infection or rejection are present (Group A) the
blood lymphocyte count is variable, only occasionally low. The
lymphocyte RNAP/DN&P ratio is not elevated above 0,40 in these

patients, rather it may be occasionally low and then usually in
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Blood lymphocyte RNAP/DNAP ratio and iymphocyte couns in patirents
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association with a low blood lymphocyte count, When infection is
present (Group B) a low blood lymphocyte count tends to be
asgociated with a low lymphocyte RNAP/DNAP ratio and a high
lymphocyte count with a normal or high lymphocyte RNAP/DNAP ratio,
In contrast with this are the results from patients with unequivocal
rejection (Group C). Here the usuval values are a low blood
lymphocyte count, less than 1000 per mm3, and an elevated
lymphocyte RNAP/DNAP ratio usually greater than 0,40, In the
presence of excessive immunosuppression as evidenced by a general
leucopenia (Group D), it appears that a very low lymphocyte RNAP/
DNAP ratio may be present when the blood lymphocyte count is also

very lowa

The value of the lymphocyte analyses in the diagnosis of rejection

In the previous section it was shown that a low blood
lymphocyte count and an elevated lymphocyte RNAP/DNAP ratio are
common features of rejection, If the changes in the blood
lymphocytes found in unequivocal rejection are to have diagnostic
value, the incidence of misleading results must be shown to be low.
Possible false negative results are considered first, There were
two normal results from the same patient for both the blood

lymphocyte count and the lymphocyte RNAP/DNAP ratio in the seventeen
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analyses during unequivocal rejection (Figure 14), During a
further three rejection episodes each involving different patients
there was a lymphopenia but with a lymphocyte RNA/DNA ratio within
the upper normal limit of 0,40, These last results were however
one, three and fourteen days after treatment of rejection with 1 g
of prednisclone, so there remained only two results with a
lymphocyte count of more than 1000 per mm3 and a lymphocyte RNAP/
DNAP ratio of less than 0.40 during untreated unequivocal rejection
out of a total of fourteen. Thus, & low incidence, i.e. 14 per
cent of false negative results in untreated unequivocal rejection
has been found in the three year study period. Special features
of the rejection in the patient who had these normal results will
be discussed later together with results of an additional patient,
obtained after the three year study was complete but included since
this patient also showed normal lymphocyte chemistry at a time of
unequivocal rejection,

Table 23 details all the instances when results were obtained
for the lymphocyte analyses which suggested rejection, Over the
period of study, such results, i.e, those which showed a low blood
lymphocyte count less than 1000 cells per mm3 and a lymphocyte
RNAP/DNAP ratio of more than 0.40, were found during thirteen
distinet periods in ten patients. Nine of these patients did have
a clinical rejection episode, Of the individual nineteen abnormal
results, rejection followed in fourteen with an average interval of

twenty-three dayse. The interval between finding the abnormal



The relation in time of results for the lymphocyte analyses which

suggested rejection, i.e. a blood lymphocyte count of 1000 cells per

mm3 or less and a RNAP/DNAP ratio greater than 0.40, and previous or

subsequent rejection in patients with a renal allograft.

1

| ; !

; ‘ | _ Days since Days to
: . iDays since Blood lymphocyte ! ;
-Patient transplant ' cells per mmgi RNAP/DNAPi E:g:ﬁ:zin %rejgiizon
AP 7 560 . 0.50 1 1
AP (20 410 ' 0.44 12 0
AP (23 864 0.43 15 : 0
HB (21 900 : 0.60 8 1
s (30 | 570 : 0.42 2 0
ce 27 | 950  0.42 12 4
CM (68 ' 860 0.43 64 44
CM (96 ‘ 1000 0.43 . 92 16
CM 170 : . T00 0.45 68 28
CM 240 980 0.50 41 0
M 426 ‘ 940 0.41 0 26
MS 125 660 0.44 12 29
RM 188 ‘ 658 0.52 184 1
IM 70 ' 860 0.42 0 0
JO 243 900 0.44 0 3
MC ( 96 860 0.49 67 129
MC (195 864 0.45 166 30
MC (218 708 0.51 189 7
MC (225 114 0.46 196 1

Results bracketed together are regarded as belonging to a single

episode.
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result and the clinical rejection episode (listed in Table 23) was
variable, in one case the lymphocyte abnormality appeared one
hundred and twenty-nine days in advance of rejection and was shown
still to be present thirty, seven and one day before gradual
function impairment of the graft was apparent and treatment
initiated. Serial results from this patient who was latterly
considered to be suffering from chronic rejection are shown in
Figure 16, The remaining five abnormal results were not followed
by a recognisable rejection episode. Two of those may be
discounted since the results were obtained one and two days after
treatment of a previous rejection with 1 g prednisolone. The
incidence of false positive results in the diagnosis of rejeciion
was thus three in nineteen, or 16 per cent,

It is appropriate to present now the results of serial analyses
of the lymphocyte in patients with a renal allograft in order to
illustrate the different lymphocyte responses encountered,

Although many measurements were made in these patients only the
lymphocyte count, the lymphocyte RNAP/DNAP and the plasma creatinine
together with the immunosuppressive therapy are included in the
figures,

Figure 15 shows the results from a patient (BL) who had an
excellent result from transplantation with no major rejection
episodes, The limits of variation of the lymphocyte RNAP/DNAP are
small, This is in contrast to Figure 16 which‘has been referred

to earlier, illustrating chronic rejection. Here the lymphocyte



Figure 15

Serial analyses in renal transplantationy studies on a patient

with an excellent clinical result.
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patient (BL) had one early rejection episode marked by

the administration ot 1 g prednisolone and thereatter no evidence of

rejection, A herpes zoster infection was present trom day 60 to day 80.



Figure 16

Serial analyses in renal transplantationy studies on a patient

with chronic rejection.
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] Figure 17

Serial analyses in renal transplantationy studies on a patient

with acute rejection,
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Figure 18

Serial analyses in renal transplantation; studies on a patient

with normal iymphocytes during rejection.

PR U

4
wr
z
z
g =
x g 2 REJECTION
o
a €
F 2
22
-t
o 0
RATIO
6000 66
"
~”~
Z 4000 RNA/ONA RATIO 04
@x
w
e -
« k—x
% 2000 NS 0.2
¥ / \
\/x iy X X
X LYMPHOCYTE COUNT T
R
x \\;
0 0
h.ffﬁn
ig PREDNISOLONE 1y PREDNISOLONE
PREDNISONE
/ i AZATHIDPRINE
° [T} 20 30 40 50 80
i DAYS SINCE TRANSPLANTATION

i

The blood lymphocyte analyses, plasma creatinine and details ot the
immunosﬁppressive therapy are plotted for a patient (CD) who developed
renal graft rejection on day 32 and failed to respond to the usual
measures to reverse the rejection, The tymphocyte RNAP/DNAP resuits

remained normal during thig period. ‘Phese were atypilcal tindings.



159

abnormality was apparent early in the life of the graft and when
the transplanted kidney was finally removed after just over one
year in the recipient there were almost no recognisable tubules or
glomeruli present on microscopic examination of the allograft tissue.
An example of the results of serial monitoring of the blood
lymphocytes during a period of acute reversible rejection is shown
in Figure 17, In this illustration lymphopenie with a markedly
elevated lymphocyte RNAP/DNAP ratio was present at least seven days
in advance of the decision to treat for acute rejection, The
normal lymphocyte RNAP/DNAP ratio just at the time of rejection was
the only atypical feature of the results illustrated and was not
found in other studies, The earliest rise in the plasma creatinine
on which the decision to increase the immunosuppression was based,
cccurred five days after the changes in the lymphocytes were
established., Four such examples, in different patients, of prior
abnormality of the blood lymphocytes, have been adequately
documented, thus in patients HB, CMcN, RMcK and MMcC the lymphocyte
abnormality was present seven, forty-four, one, and one hundred and
twenty-nine days in advance of the change in renal function, The
last illustration of serial analyses shows a sequence of events
which was much less common than events illustrated in Figures 15 and
17, and was seen in two patients only. In both these patients
there was early reduction of immunosuppression because of
sensitivity of the patient to azathioprine or to the agathioprine

and prednisone combination, About two weeks after the reduction
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of azathioprine therapy to a low level there was evidence of
rejection which was not resolved by the usual measures, The
lymphocyte RNAP/DNAP remained below 0.40 throughout the period.
In one of the two patients the donor kidney had to be removed on
day forty-six and in the second (illustration in Figure 18) the
creatinine clearance fell to 10 ml per minute with a plasma

creatinine of greater than 4 mg per 100 ml,

Lymphopenia in patients with a renal transplant and on immuno-

suppressive therapy and its importance in the differentiation

of over—suppression and rejection

Iymphopenia was a more freguent observation than leucopenia
in this study. Of the eighty-four samples with a lymphocyte count
of less than 1000 cells per mm3 twenty-one had a severe
lymphopenia with a count of less than 500 lymphocytes per mm3,
Leucopenia, defined as a blood white cell count of less than 4000
cells per mm3, in contradistinction to lymphopenia, was present in
only eleven samples in the study and only three times was severe
lymphopenia and leucopenia present together, This dissociation of
a low lymphocyte count and a low total leucocyte count is
illustrated by white cell counts in the samples with severe
lymphopenia, The mean white cell count of these lymphopenic

bloods was 6516 cells per mm3.
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The mean blood lymphocyte RNAP/DNAP value from patients
showing excessive immunosuppression recognised by a leucopenia
is listed in Table 22, and the individual results displayed in
Figure 14, When lymphocytes specifically are reduced in number,
and there is no rejection, the mean lymphocylte RNAP/DNAP is very
low at 0.197 (SD 0.054.)9 indeed lower than the value of 0,253
found in a general leucopenia, This difference of the means is
just significant (p = <« 0.05). The observed range of values for
the RNAP/DNAP ratio in severe lymphopenia without rejection is
0,12 to 0.27, and when patients with less severe lymphopenia are
considered, i.e. those with a blood lymphocyte count up to

1000 cells per mm3

, the range of observed values for the
lymphocyte RNAP/DNAP ratio extends upwards to 0.37. This value
for the lymphocyte RNAP/DNAP ratio is lower than that considered
appropriate for the diagnosis of graft rejection and it appears
therefore that a lymphocyte RNAP/DNAP ratio of less than 0.40
distinguishes the lymphopenia which may be the result of immuno-~

suppressive drug action from the lymphopenia associated with

rejection,
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4.8 The nature of the blood lymphocyte in patients with a renal

allograflt

The nature of the blood lymphocytes in patients with a renal
allograft was investigated by examination of their morphology on a
stained slide, Three observers were asked to classify the
lymphocytes as either large, medium, or small allocating as few
cells as possible to the intermediate grading. Small lymphocytes
were defined as mononuclear cells which approximated to the size of
the red cells, and had a nucleus which occupied more than half of
the cell diameter. The observers carried out their examination
independent of each other and of the chemical measurements.

I'ifteen blood samples were examined in this way and Pigure 19 shows
the results of the correlation between the lymphocyte RNAP/DNAP
ratio and the percentage of blood lymphocytes classified as small
lymphocytes, determined as the mean value for the three observers,
The coefficient of linear correlation for the comparison was 0.69,
and this was significant at the one per cent level (%t = 3.44).

When the observed values of percentage of small lymphocytes for
each individual observer was correlated with the cell chemistry,
the correlation coefficients, 0.68, 0.66 and 0.43, were poorer than
that derived from mean observations, The t values were respectively
3.34, 3.19, 1,72 and only the first two were significant, p =<0,01

in both cases, Figure 19 shows the considerable observer



Figure 19

Correlation ot the blood lympnocyte RNAP/DNAP ratio and the

percentage ot small lymphocytes determined on a stained blood film.
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variation in the individual values. As was anticipated, a high
lymphocyte RNAP/DNAP ratio was associated with a low percentage of
small lymphocytes. An attempted correlation of the lymphocyte
chemistry and the percentage of large lymphocytes was less

successful than that reported above.

The relationship between the donor kidney match and the RNAP/

DNAP ratio of the blood lymphocytes

Botha (1969) has examined methods of classifying the degree
of tissue match between donor and recipient in human allografts
and listed six main categories. These categories are best listed
in a table (Table 24). It can be seen from the table that Grade A
is perfect matching by present techniques and Grades B, C, D, E and
I' are in order of decreasing compatibility judged mainly by the
presence of antigens in the donor leucocytes, not present in cells
of the recipient.

The grade of mateh of the allograft for each of the patients
according to the Botha system are included in Appendix 10. These
data allowed comparison of the blood lymphocytes RNAP/DNAP ratio
for patients of differing grades of tissue match, Certain
precautions were required in the preparation of the data, The

average of the values recorded for the lymphocyte RNAP/DNAP in



Table 2

Grades of tissue match in human allografts (Botha, 1969).

Number of leucocyte antigens

Grade of
Match Donor + Donor -
Recipient -~ Recipient +

A 0 0
B 0 1 or more
C + 1 0
C 1 1l or 2
C - 1 3 or more
D 2 0 or more
E 3 O or more
F recipient has preformed antibodies

to donor leucocytes.



Table 25

The relation between the donor kidney match, rejection and the
lymphocyte RNAP/DNAP ratio.

Duration Creatinine !Mean monthly lymphocyte

. N Rejection : .
Tissue. . of graft clearance @ RNAP/DNAP ratio
match TOVCRY  pontng  CPESOUeS 4,171 ‘
ml/min individual group
A MC 14 0 86 0.36 0.36
MS 9 2u 60 0.35
B BL 1y : 0 93  0.30 0.30
HB 3 luilp 60  0.34
CcG 3 3u o4 0.33 :
c Jn 13 0 37 ~ 0.28 0.33
Jo 11 2p 111 v 0637
AP 3 lu 8 0.34
RIP 8 1p 96 0432
D MM 8 2u 1rrevergible§ 0.43 0«37
rejection {
JL 1 1u Irreversibie% 0.36
rejection .
B SM < 1 1u Intection  0.25 0.33
RM 13 1u 26 o 0.34

Tigsue mateh is according to Botha (1970). The rejection episodes
are classed as unequivocal (u) and probablie (p) as detfined in the text.
The mean lymphocyte RNAP/DNAP ratios for each patient are calculated as
tfollows. Individual analyses are grouped monthly and the average
monthly ratio calculated. The mean ratio tabulated is the average of

these monthly ratios.

REE S
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each patient was calculated month by month and the mean of these
monthly ratios included as part of Table 25, This method of
calculation reduced the bias which might arise when analyses were
repeated frequently at times of possible rejection. Uneguivocal
rejection recorded in the table is defined in Section 4.5 and
probable rejection when the rise in plasma creatinine although
sustained, does not meet the criteria of a substantial rise laid
down,

There is no simple relationship between the tissue match and
the mean lymphocyte RNAP/DNAP ratio and it appears likely that the
lymphocyte RNAP/DNAP ratio has been influenced by factors other
than the tissue match, The highest mean ratio occurred in a
patient with & D match who developed an irreversible rejection, the
lowest ratio 0.25 was in a patient with a D match who died of over-~
immunosuppression and infection, Three patients, one from each of
Group A, B and C had no rejection episodes during the period of
study, but their mean lymphocyte RNAP/DNAP ratio values were 0,36,
0.30 and 0,28 respectively. The first of these patients had

repeated surgery for recurrent ureteric fistulae.

4.10 The nucleic acid content of human thoracic duct lymphocyles

Table 26 shows the nucleic acid content of lymphocytes obtained



Table 26
The nucleic acid content of human thoracic duet lymphocytes obtained

from the initial drainage of a thoraciec duct fistuiase prior to renal

transplantation.
e Number of  pg DNAP per pg RNAP per  RNAP/DNAP

Patient samples 102 cells 106 cells ratio

1 2 0.91 0.20 0.22

2 2 0,65 0.18 0.28

3 2 0.63 0.11 0.17

4 2 0.64 0.14 0.22

Mean value 10 0.72 0.16 *0.22
SD 0.045

*Comparison of the mean value for the thoracic duct lymphocyte RNAP/DNAP
ratlio with the values for geventy-four estimations of bleod lymphocyte
RNAP/DNAP ratio in normal individuals show a significantly lower ratio
in thoracic duct lymphocytes (4 = 3.14 p = <0.01). The variance of

these two groups was not significantly different (F = 1.49, p = >0.05).
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early in the thoracic duct drainage of four patients before immuno-
suppressant drugs were administered, The mean DNA content, 0.72 pg
DNAP per 106 cells, was similar to that found in normal blood
lymphocytes by the same chemical methodology (Section 3.4). The
mean value for the RNA content, 0,16 pg RNAP per 106 cells and the
RNAP/DNAP rétio 0.22, was lower than that found in blood lymphocytes
and was significaently lower when compared by t-—test with the seventy-

four results for normal individuals by all methods (p = «0,01),

The effect of immunosuppressant drugs, azathioprine and prednisone

on the RIAP/DNAP ratio of human thoracic duct lymphocytes

In this study serial measurements were made in four patients
of the RNAP/DNAP ratio of lymphocytes isolated from the thoracic
duct at a time of institution of immunosuppressive therapy and also
for a period after renal transplantation, Table 27 summarises the
results of these determinations and serial results in one patient,
typical of all four, are illusirated in Figure 20. The figure
shows an unmistakable rise in the RNAP/DNAP ratio of the thoracic
duct lymphocytes as azathioprine and then prednisone therapy are
commenced, The tendency for the lymphocyte chemistry to return to
normal on continual therapy is also illustrated. Statistical

analysis of the results for all four patients (Table 27) shows that



Tablae 217

Effect of immunosuppressive therapy on thoracic-duct lymphocyte
RNAP/DNAP ratio.

The tabulated results are the RNAP/DNAP ratios of samples of
lymphooytes from the thoracic duct obtained — a) prior to renal trans-
plant and immunosuppressive treatment; b) during thé 24 hours which
followéd initiation of azathioprine treatment; o) during the 24 hours
which followed initiation of prednisone treatment, azathioprine continued;

d) after the trensplant operation, with continued immunosuppression.

24~hour period?24—hour period
following | following

Patient Pre;iiggtment initiation of| initiation ot P°St?:§§§gpla“t
p azathioprine azathioprine p
therapy therapy
(2) (b) (e) (a)
1 0.22 0.29 ‘0637 0.27
‘ (mean of 2) (1 analysis) (1 analysis) (mean of 2)
2 0.28 0.28 0.33 0.27
(mean of 2) (mean of 8) (mean of 3) (mean of 6)
3 0.20 0.23 0.30 0.33
(mean of 5) (mean of 6)  (mean of 4)  (mean of 3)
4 0.24 0.30 0.29 Spontaneous early
(mean of 4) (mean of 3) (mean of 2) closure of
thoracic duct
figtula
Mean result
for four 0.235 0.275 0.323 0.290
patients 5. p, 0,033  SD 0.030 . SD 0.035 SD 0.035
Comparison with pre~— Significant i9ignificant Significant
treatment values by difference difference difference
Student's t-test P =<0,01 P = <0,001L P =<4 0.05

Variances were not significantly different by T~test.



figure 20
Serial analyses on human thoracic duct Lymphocytes.
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The figure shows the daily output of thoracic duct Lymphocytes trom
a thoracic duct fistula established as an immunosuppressive measure nine
days betore renal transplantation. Seriai determinations otf the
thoracic duct Lymphocyte RNAP/DNAP ratio were made berore immuno-
suppression, as azathiéprine was commenced and then prednisone therapy

was instituted. Measurements are a.lso shown nineteen days after the

transplant operation.
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immunosuppressive therapy was associated with a significant
increase in the RNAP/DNAP of the thoracic duct lymphocytes over the
pre-treatment levels. The increase averaged 17 per cent with
azathioprine and 37 ver cent with combined prednisone and
azathioprine therapy in the twenty-four hour period following the
start of treatment, Some individual measurements of RNAP/DNAP
were considerably higher than this, as much as 105 per cent over
the pre-treatment level when patient 3 was first given prednisone
(0.20 to 0.41). A constant finding illustrated in Figure 20 was
the progressive fall in the output of thoracic duct lymphocytes
with continued drainage. However, there was no consistent change
in RNAP/DNAP when early and late stages of the pre-treatment period
were studied. Following transplantation the RNAP/DNAP was
followed in two of the four subjects, In patient 2, the RNAP/
DNAP value had fallen to the pre—treatment level sixteen days after
transplantation, while in patient 3 the value was still elevated
thirty days after the transplant. The latter patient showed signs

of rejecting the graf+t,

The nature of lymphocyte RNA

The ribonucleic acid of whole lymphocytes,

Lymphocytes obtained from the thoracic duct of a patient on
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intermittent haemodialysis were set up in culture using Medium 199
at a concentration of twenty million lymphocytes per ml. After
addition of phytohaemagglutinin (PHA) to one half of the cells and
saline to the other as control, the suspensions were immediately
distributed among ten culture tubes, five PHA and five control, each
containing 250 x 106 lymphocytes. The tubes were closed and
incubated for eighty minutes at 37C. For the final two, five, ten,
twenty and thirty minutes of the incubation labelled Uridine was
added to each tube as Uridine H3, 4 pc per ml. At the end of the
eighty minutes incubation all culitures were harvested and the RNA
extracted from whole 1ymphocytes. The extracted RNA was analysed
by sucrose gradient centrifugation as described,measuring optical
density and radioactivity of the fractions separated by the gradient,

The results of the analysis of whole lymphocyte RNA are
presented in Figure 21. Optical density measurements for control
and phytohaemagglutinin stimulated culture were very similar and
for simplicity only one line is plotted in the figures, Previous
experience with this type of gradient allows recognition of the
three optical density peaks in the positions anticipated for 4s,
18s and 28s RNA, This would indicate that the usual mammalian
cell RNA components are present in human thoracic duct lymphocytes,
namely transfer RNA and the two components of ribosomal RNA,

The kinetics of Uridine labelling in RNA is illustrated by the
radioactivity measurements in Figure 21, Within two minutes of

exposure of lymphocytes to the labelled RNA precursor, radioactive
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Labeling kinetics of whole lymphocyte RNA with and without phyto-

haemagglutinin (PHA). Continued as Figure 21A overieaf.
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Figure 214

Labeling kinetics of whole lymphocyte RNA continued.
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Legend as for Figure 21. Optical density denoted by continuous
line is calibrated on the left and radioactivity, the broken lines, is

calibrated in counts per minute on the right. ‘'he heavy molecular

weight RNA species appear in the fractions to the right in the diagrams.
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RNA of low sedimentation coefficient (4s to 6s) was present and
phytohaemagglutinin had stimulated its synthesis by more than one
hundred per cent over the control. Labelling in the 4s to 6s
fraction increased, and by five minutes after addition of the
igotope was almost twice the two minute value, No further increase
in labelling of this fraction occurred during the remaining twenty-
five minutes exposure to isotope. Until ten minutes after the
addition of Uridine H3 no significant 1abelliné occurred in the
40s to 50g RNA region, i.e. the part of the gradient occupied by
newly synthesised ribosomal RNA in the form of heavy molecular
weight ribosomal precursor RNA, The peaks of radiocactivity in the
40s to 50s region thereafter increased at all intervals up to
thirty minutes, and the extent of labelling of RNA was always
greater in the phytohaemagglutinin tubes than in the control tubes.
This 50s RNA was not however present in sufficient quantity to
give an optical density peaks

In a separate experiment two lymphocyte cultures were set up
as before and incubated for a total of one hundred and thirty-five
minutes with and without phytohaemagglutinin, After an incubation
period of one hundred and five minutes Uridine H3 was added, 4 juc
per ml, and incubation continued up to the one hundred and thirty-
five minutes total incubation time, The cultures were then
harvested, this time the lymphocyte nuclei were isolated and the
nuclear RNA extracted, fractionated and counted. The results

showing the optical density pattern and the radiocactive counts for



ifigure 22.

Density gradient separation ot RNA from iymphocyte nuciel with and

without PHA,
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nuclear RNA from phytohaemagglutinin and control cultures appear
in Figure 22,

It may be seen that although the three major RNA species
are represented in the optical density pesks the low molecular
weight 4s component is less abundant in the extract of nuclei than
in the previous whole cell RNA extract, High molecular weight
RNA is present in nuclei, recognisable by the incorporation of
Uridine I-I3 in the area of high molecular weight material to the
right of the 28s optical density peak. This radiocactivity was
again more marked in the phytohaemagglutinin stimulated cultures.

In further experiments reported elsewhere (Jacob, Cooper,
Glen and Munro, 1969) the high molecular weight and rapidly
synthesised RNA is seen to be precursor to ribosomal RNA since on
exposure of a culture to excess of unlabelled Uridine and to
Actinomyecin D which inhibits RNA synthesis, with continuation of
the incubation for one hour, label is lost from the high molecular

weight region and appears mainly in the 28s region, i.e. the

region of ribosomal RNA,
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4,13 Discussion

Blood lymphocyte analyses in renal transplantation,

Lymphocyte DNA content,

The evidence that the mean DNA content (DNAP content) of the
lymphocyte is slightly greater in patients who have a renal allo-
graft than in normal individualsg does not affect comparisons of
the lymphocyte RNAP/DNAP ratios reported since there were no
differences in the mean DNAP content of the lymphocytes between
the various clinical groups. This observation does however
support the view that in the presence of a substantial immuno-—
logical stimulus the proportion of lymphocytes which have
synthesised or are synthesising DNA prior to cell division is

increased., This has been discussed earlier in Section 3.26.

Lymphocyte RNAP/DNAP ratio,

Certain types of grafted tissue, for example skin allografts
in rabbits, appear to be rejected principally by a cell mediated
reaction, that is an infiltration of large lymphoid cells which
results in damage and destruction of the cells of the graft, The

proliferation of lymph node cells in areas later identified as
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paracortical areas of the nodes (Scothorneand MacGregor, 1955)
suggests that T-lymphocytes respond to the stimulus of the graft,
but other cells are also involved, Detailed studies of the lymph
nodes in rabbits with skin grafts show an increase in a variety of
cells including lymphoblasts, plasma cells, plasma cell precursors
as well as lymphocytes (André, Schwartz, Mitus and Damashek, 1962A).
The presence of plasma cells would indicate that antibody as well

as cell mediated processes are involved in rejection.

Some evidence that there are abnormal mononuclear cells
present in the blood at times of graft rejection has been introduced
and the Wofk reported in this thesis has confirmed in man that a
significant abnormality in the circulating mononuclear cells is
frequently present when a renal graft is being rejected. Previous
studies of skin allografts have shown that the lymphoid cells
which invade the graft are metabolically active with prominent
nucleoli, and abundant free ribosomes in their cytoplasm (Wiener,
Spiro and Russell, 1964). Histochemically they have a high RNA
content (Scothorne and Tough, 1952)., The levels of RNAP/DNAP
ratio observed in the blood lymphocytes during allograft rejection
were sometimes greater than 0,50, equalling the highest levels
reached in any condition. Only in neoplastic disease with
secondary metastases were similar levels reached, notable since

graft rejection and the response to neoplastic disease have common
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features, both involving cellular immune reactions (Meuwissen,
Stutman and Good, 1969).

It is evident from reviews of renal allograft rejection in
man that the rejection process in patients on standard immuno~
suppression can take several forms, and Porter (1967) has defined

these as follows:

1. Acute and immediate

This occurs when there is a major blood group incompatibility
between host and donor or when the donor is presensitized.
Rejection usually takes place within minutes of transplantation

and there is red cell sludging in the glomeruli.

2e Acute and early

Rejection occurs two to ten days after transplantation and is
characterised by dense cellular infiltration and rupture of the
peritubular capillaries, This is largely cell mediated and renal

shutdown follows tubular necrosis.

3. Acute and later

In the period from eleven days onward rejection occurs and is
characterised by coating of arteries, arterioles and glomerular
capillaries with immunoglobulins and complement. Platelet
aggregates are seen in glomerular capillaries with thrombi in
larger vessels. Cellular infiltrate may or may not be a feature,

Acute renal shutdown seems to be due to the glomerular platelet

aggregates,
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4, Insidious and late
This type of rejection is characterised by subendothelial
accumulations of IgM and complement on the glomerular capillary

basement membranes with slow impairment of renal function.

The information on the timing of rejection recorded in Table 23
reveals that the majority of rejection episodes included in the
present study would qualify as Porter's class 3 rejections,

There is a single episode occuring on day seven and falling within
the time schedule for an acute early cell mediated rejection.

The possibility that some rejections were 'insidious and late!
cannot be ruled out on the basis of day of onset alone,.

If, as seems likely, the majority of the rejection episodes
were of the type three variety a difficulty arises in determining
the degree of cell mediated reaction to the graft and the extent
that platelet aggregation and vascular damage has contributed to
the rejection. This is important since platelet aggregation is
thought to be initiated by antigen-—antibody complexing in the
glomeruli and small vessels of the graft and therefore results from
an antibody response, It is appropriate here to consider the
evidence already introduced that the 'acute and later' rejection
episodes in treated human renal allografts are triggered either by
a cellular or an anltibody response,

Extensive studies with many species of animal reviewed for
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example by Moller and Moller (1967),have shown that humoral
antibodies can by themselves be responsible for rejection of
grafts which have a high sensitivity to antibodies, mainly cells
belonging to the lymphatic system, 193 antibodies are more potent
than 7s antibodies in this respect, On the other hand repeated
experiments baged on transfer of sensitized lymphoid cells have
shown that cells can evoke rejection of transplanted tissues in
situations where serum antibodies are ineffective (Mitchison,
19543 Billingham, Brent and Medawar, 1954),

Mowbray (1966) considers that the dose levels of azathioprine
which can be used in human renal transplant patients are
insufficient to prevent an antibody response to graft antigens and
he believes that antigen-antibody complexing initiates platelet
aggregation in small vessels of the graft and hence the rejection
episode, Rejection episodes are treated with prednisone (or
prednisolone) and this may be effective since both steroids and
6-mercaptopurine have been shown to prevent immune complex induced
platelet aggregation (Mowbray, 1966). @Gell mediated graft
rejection in Mowbray's view is rare in treated human renal allo-
grafts, Biopsy of the renal graft in patients on immunosuppression
during acute rejection occuring more than eleven days after trans-—
plantation frequently shows changes in the vasculature with
platelet thrombi and the later consequence?fibrinoid necrosis in
arteriolar walls, but a cellular infiltrate of lymphoid cells is
also nearly always present despite the suppressing action of

azathioprine (Porter, 1967).
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Hurd and Ziff (1968) have shown in animal work that the effect
of 6-mercaptopurine, the active metabolite of azathioprine, is to
decrease the number of monocytes and large proliferating lymphocytes
in the blood concurrently with the decrease in mononuclear cells in
inflammatory sites. In an independent study of the in wvivo
action of arathioprine it was shown that rejection of skin grafts
in rabbits occurs when the drug fails to prevent the proliferation
of large mononuclear cells in the lymphoid tissue (André, Schwartz,
Mitus and Damashek, 1962B). One obvious interpretation of the
elevation in lymphocyte RNAP/DNAP ratio observed frequently in the
patients rejecting their grafts is that immunocytes or immunoblasts
on route for the allograft are present in peripheral blood and are
contributing to the mean RNA content of the isolated cells, This
would imply that the cell medizated reaction is important in the
majority of the rejection episodes.

Parker and Mowbray (1971) have published a detailed
investigation of the uptake of labelled Uridine in tissue culture
by peripheral blood mononuclear cells from patients with renal
allografts. They used the same type of gelatin sedimentation
method for isolation of the blood mononuclear cells as the present
study (Coulson and Chalmers, 1967) and their finding of increased
intensity of RNA synthesis in the blood mononuclear cells prior to
and following rejection would appear to corroborate the lymphocyte
RNAP/DNAP ratio results. However, Parker and Mowbray attribute

the increase RNA synthesis to the contribution from large atypical
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cells present in the blood at the time of rejection, These cells
on the basis of histochemistry, light and electron microscopy are
considered to be myeloid rather than lymphoid cells and have been
tentatively identified as promyelocytes.

The data on the absolute count and histochemistry of the
atypical cells in the blood have been further detailed by Parker
(1969), the maximum count observed was 60 per ml of defibrinated
blood, that is on an estimated lymphocyte count of 1000 per mm3,
six per cent of the blood mononuclear cells, A simple calculation
shows that a tenfold increase in the RNA content of six per cent of
the cells would be reguired to raise the mean RNAP/DNAP ratio of
the mononuclear cells from the normal 0.30 to 0.46 a value
commonly found in rejection in the present study. The atypical
promyelocytes observed by Parker and Mowbray and noted in the
course of the present study do not have strikingly basophilic
cytoplasm and although the nuclei are sites of rapid RNA turnover
it is held that cells other than these are responsible for the
increased RNAP/DNAP ratio in the blood mononuclear cells at the
time of rejection, It is still of course uncertain what is
implied by an elevated lymphocyte RNAP/DNAP ratio in terms of
cellular or antibody mediated rejection, but a possible suggestion
is that an elevated ratio signifies a more intense cellular immune
response, The increase in spontaneous transformation of lymphocyte
in vitro at times of rejection documented earlier would support this

interpretation.
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The results presented here propose the simultaneous
determination of the blood lymphocyte count and the mean lymphocyte
RNAP/DNAP ratio as a method of monitoring the effectiveness of
immunosuppression in patients with a renal allograft. The method
may distinguish graft rejection from excessive immunosuppression
although both are associated with a low lymphocyte count. Lympho-
penia may be present in both infection and rejection in patients
on standard immunosuppressive therapy, but only in rejection is the
combination of lymphopenia with an elevated lymphocyte RNAP/DNAP
ratio found, In contrast, lymphopenia in the presence of
infection may be associated with a distinctly low lymphocyte RNAP/
DNAP ratio and presumably there may then be excessive immuno-—
suppression, This difference between infection and rejection
would appear to be the result of the more intense cellular response
produced by the presence of the renal graft. Comparison of the
results for infection and rejection in Figure 15B and 15C will
clarify this point and show the necessity of measuring the
lymphocyte count and RNAP/DNAP ratio together,

The conclusion that the mean lymphocyte RNAP/DNAP ratio is
significantly reduced in excessive immunosuppression has not, to
the author's knowledge, been previously reported, The belief that
these findings reflect the high proportion of small lymphocytes
circulating in the blood is bourne out by the study of the
relationship between the lymphocyte RNAP/DNAP ratio and the

percentage of small lymphocytes on a stained peripheral blood smear.
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From these findings, and since lymphopenia is usually present, it
appears that in petients suffering from excessive immunosuppression
there is a dearth of the large lymphocytes.

It is difficult to understand why lymphopenia should be a
feature of graft rejection. Although in classical acubte and early
rejection of a renal graft the donor kidney is infiltrated with a
large number of lymphocytes (Porter, 1967), these can hardly be
sufficiently numerous to deplete the entire lymphoid system of cells,
Hall (1967) and Prendergast (1964) consider that the mononuclear
cells entering a graft represent a random selection from the
mononuclear population of the blood, It is likely that immuno-—
suppressive therapy reduces the turnover of lymphoid cells and the
rate at which replacement cells reach the blood, EBxperimental
verification of this has been produced by Hurd and Ziff (1968) and
1t may be that cells leaving the blood and entering kidney tissue
during rejection are only slowly replaced and a lymphopenia
develops. When there is lymphopenia and a high mean RNAP/DNAP
ratio,the cells present must show a greater than normal proportion
of large lymphocytes and since there is a low blood lymphocyte
count it would appear that the blood is depleted of small lymphocytes
during rejection, Because of the known reactivity of the lymphoid
system during rejection it may be wrong to consider this state as
a general depletion, and perhaps the immunocompetent small lymphocytes
are instead deployed as 'graft rejection cells' to use the term of

Wiener and colleagues (1964). It would be logical to consider this
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a T-lymphocyte depletion,

The value of an elevation in the lymphocyte RNAP/DN&P ratio in
predicting graft rejection in a patient with a renal allograft is
only seen when there is an accompanying lymphopenia, When both
the high lymphocyte RNAP/DNAP ratio and low count were found a
rejection episode took place after a variable interval (averaging
twenty-three days) in nine out of the ten patients who showed these
results. In seven episocdes the interval was less than ten days,
more akin to a delayed hypersensitivity response although immuno-
suppression might be expected to influence this, All but one of
the nine rejections were reversible acute rejection, the single
exception was of the chronic irreversible type.

Rejection occurred in two patients while the lymphocytes
remained unequivocally normal and it is striking that in both of
these patients the usual measures to reverse the rejection were
ineffective. One patient improved only temporarily on heparin
therapy combined with intravenous prednisolone, In the other
patient who came to nephrectomy the donor kidney showed
considerable vascular damage with proliferation of the intima and
occlusion by thrombosis. The infiltrate of round cells, although
present, was not a striking feature of the histology. Despite
attempts to demonstrate antibody to HLA antigens in these patients
none have been demonstrated,

The results of serial analyses of the blood lymphocytes in

patients with a renal allograft, some of which are illustrated in
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Figures 15 to 18, show several interesting features., Figure 15
shows typical results from a patient who has had excellent function
in the grafted kidney for over two years at the time of writing.
After the initial few weeks of the life of the graft the ratio

has remained between 0,25 and 0.35, very different from the results
shown in the succeeding figure (Figure 16), In Figure 15 the
period from day sixty to eighty is of interest since during this
time the patient had a herpes zoster infection which ran a typical
course, A small reduction in agathioprine dosage was the only
measure taken, The figure shows a sharp increase in the blood
Jymphocyte count at first but only a minor rise in the lymphocyte
RNAP/DNAP ratio occurred,

The results illustrated in Figure 16 from a patient who
developed chronic rejection have been described earlier, They
were unique in this study. Support for the view that the early
and marked changes in the lymphocyte RNAP/DNAP ratio illustrated
represent an immunological reaction came from parallel
determinations of the immunoglobulin levels in the patient,
Exceptionally high levels of IgM, tenfold increases over normal
levels, were found from an early stage in the life of the graft,
These results are not reported because of difficulties in
obtaining satisfactory absolute values, but the levels were
undoubtedly exceptionally high, Such high levels in association
with rejection have been reported (Zuhlke, Deodhar, Nakamoto and

Kolft, 1967). Stocker and his colleagues studied cytoxic
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antibodies in patients with a renal allograft on immunosuppressive
therapy and noted a high incidence of cytoxic antibody in the IgM
fraction (Stocker, McKenzie and Morris, 1969) . But perhaps the
important point for this study is that the high immunoglobulin
levels and the abnormal lymphocyte RNAP/DNAP ratios found in the
patient were the only indication that all was not well until some
weeks later when deterioration of renal function was established,
Figure 17, an illustration of acute reversible rejection with
prior abnormality of lymphocyte chemistry was a sufficiently common
finding to make lymphocyte analyses potentially a clinically
helpful test but since patients were followed who show no
significant lymphocyte changes during rejection (Figure 18) although
less commonly in the experience to date, certain caution in
interpretation is required. Chisholm et al, (1969) have examined
the value of eight simple laboratory determinations in blood and
urine in patients after renal transplantation, Although
significant changes occurred in several of these in relation to
graft rejection, their experience was that tests based on serum and
urine creatinine determinations were the most reliable indications
of rejection, Other measurements have been made, for example
urine enzyme analyses (Ballantyne, Wood and Meffan, 1968), but it
is doubtful if they are superior to measurements of serum and
urine creatinine, their predictive value is no better than the
simpler measurements, In four individuals with adeguate

documentation in the present study the lymphocyte abnormality was



present prior to the change in renal function, while in two
patients with rejection there was no lymphocyte abnormality.

It is considered likely that the nature of the rejection process
differs in these two groups.

The comparison of measurements on stained blood films with
the chemistry of the lymphocytes isolated from the same blood
gshows an inverse relation between the percentage of small
lymphocytes and the average RNA content expressed as the ratio
RNAP/DNAP, This is useful confirmation that the method of cell
isolation has not greatly distorted the distribution of cells,
The variation of individual observers in the determination of
percentage small lymphocytes is considerable and determination
of the percentage of small lymphocytes on a blood film would
require checking by independent observers for reliability. The
measurement of cell volumes electronically, for example by the
Coulter counter, is a possible alternative,

Although earlier studies could demonstrate no evident
correlation between graft failure and the grade of tissue
match, more recently when account is taken of undetermined
loci in the HLA system the correlation of a good match and
good prognosis for the graft has been established (Hors,
Peingold, Pradelizi and Dausset, 1971). Failure to show a
relationship between the lymphocyte RNAP/DNAP ratio and the

compatibility of donor and recipient by HLA testing in groups of
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patients suggests that other factors such as immunosuppression

have been more important in determining the ratio.

Human thoracic duct lymphocytes,

The nucleic acid content of human thoracic duct lymphocytes
has not been recorded in the literature. The findings reported
in Table 26 show a mean lymphocyte DNA content of 0,73 pe DNAP per
106 cells,

The thoracic duct lymphocytes have a RNAP/DNAP ratio which is
lower than the average ratio in normal blood lymphocytes. This
is ag anticipated from the knowledge of the high proportion of
small lymphocytes in the thoracic duct lymph of various species
(BElves, 1966) ranging from seventy to ninety-five per cent in
different mammals,

Interpretation of the results shown in the section which
reports serial monitoring of the thoracic duct lymphocytes in
patients requires a knowledge of the effect of azathioprine and
prednisone on nucleic acid metabolism and on the lymphocyte
population as a whole,

Azathioprine inhibits synthesis of both DNA and RNA by the
action of its metabolite 6-mercaptopurine which forms 6-mercapto-
purine ribotide. This acts by mimi%&ng inosinic acid and

inhibiting the early reactions leading to the synthesis of
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inosinic acid, the so called end product inhibition of the synthesis
of phosphoribosylamine, 6~mercaptopurine ribotide also interferes
with inter-conversions of the purine ribonucleotides (Berenbaum,
1967). The net effect of azathioprine is to inhibit nucleic acid
synthesis, It is unclear which of the two, DNA or RNA synthesis,
is affected most but it is likely that where active cell division

is minimal the effect would be greatest on RNA synthesis. Although
the effect of azathioprine on human thoracic duct lymphocytes
reported here is a minor one, the RNAP/DNAP ratio of the lymphocytes
showed a significant increase as azathioprine was first administered.
This change is difficult to understand unless agzathioprine alters
the distribution of small and large lymphocytes perhaps by
inhibiting release of the recirculating small lymphocytes from

lymph nodes or, as in the case with steroids, small lymphocytes are
more susceptable to the effects of the drug than are large
lymphocytes.

The increase in the thoracic duct lymphocyte RNAP/DNAP ratio,
as prednisone is first given to the patients, is considered to be an
expression of changes in the cell types in the thoracic duct lymph
at this time, Dougherty, Berliner and Berliner (1960) showed that
hydrocortisone produces a preferential dissolution of the small
lymphocyte, large lymphocytes being resistant to the steroid. It
is clear from the literature that DNA as well as RNA synthesis is
inhibited in vitro by moderate levels (30 pg per 100 ml) of

prednisolone (Tormey, Fudenberg and Kamin, 1967). De