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SUMMARY

This thesis is based on studies conducted between 1979
and 1981 at the University of Western Ontario, London, Canada.
Although considerable advance has been made in recent years in
quantitation of various aspect of the immune response in
rheumatoids, and in dissecting mechanisms by which the response
is regulated in healthy individuals, there is a relative lack
of information regarding immunoregulation in rheumatoid arthritis.
A series of comparative studies were planned to examine quanti-
tative and qualitative aspects of immunoregulation in patients

with rheumatoid arthritis and normal healthy individuals,

The introductory chapters of the thesis review certain
aspects of rheumatoid arthritis and immunology, immunoregulation
in normal individuals and the immunopathogenesis of rheumatoid
arthritis. Subsequent chapters report the collection, standardi~
zation, modification and application of study methods and discuss

the results of serial studies.

For the functional studies, a modified reverse hemolytic
plaque forming cell assay was used to measure immunoglobulin
synthesis by B lymphocytes in cultures containing combinations of
B and T lymphocytes. In this assay system responses (Studies 1-5)
were shown to be related to culture duration, concentration and
batch of pokeweed mitogen, source of foetal calf serum and the
dose of irradiation used to manipulate the T cell help/suppression

balance.



In Study 6 immunoregulation was examined by selectively
destroying T suppressor cells with optimal dose radiation prior
to coculture with B cells, and in Study 7 by selectively
removing T suppressor cells using a chicken rosette assay which
depleted T cell suspensions of cells bearing Fe receptors for
IgG (Ty cells) prior to coculture. In normal subjects, coculture
of B cells with T cells enhanced the PFC (plaque forming cell)
response, which was further increased when T cells were either

irradiated at optimal dosages (T ) or depleted of Ty cells

3200
(T nony) prior to coculture - a response consistent with an
effective reduction of suppressor T cell activity. In marked
contrast, while rheumatodd T cells were capable of enhancing the
response of rheumatoid B cells to an equivalent degree as in
controls, the additional augmentation seen when B cells were co-

cultured with T or T nony cells was absent in almost all

3200
rheumatoids. These observations were interpreted as indicating

a functional and/or numerical deficiency in one or several subsets
of mononuclear cells, but were not consistent with a pure dys-—
function or reduction in the number of suppressor T cells alone.
While abnormalities in T suppression in rheumatoid arthritis have
recently been reported, the co-existence of other immunoregula-

tory abnormalities has not been examined. It was also demonstrated

that the controversial Ty cell population had suppressor activity



and that the radiosensitive suppressor cell and the Ty cell
were related. Finally, the restricted PFC response in rheuma-
toids was not found to be related to the number of Ty cells,

which was norxmal.

Prior to undertaking additional functional studies, lympho~
cyte suspensions were examined for their content of monocytes,
Iat T cells and OKT4+, OKT5+ cells, since a numerical abnormality
would have provided a simple explanation for the differences.
Monocytes were enumerated using a non-specific esterase stain,
with methyl green counterstain for lymphocytes. (Study 8), Iat,
OKT4+ and OKT5+ cells were enumerated in microcytotoxicity assays
using monoclonal antibodies (Studies 9 and 10). The numbers of
monocytes (in unseparated, B cell and T cell preparations), Ia+
cells (in T cell preparations), and OKT4+, OKT5+ cells (in T cell
preparations) were similar in rheumatoid and normal subjects.

An increase in the number of Iat cells and an increase in the
OKT4/OKT5 ratio favouring help, was observed in patients with
active disease. A relationship between Ty and OKT5+ cells was
indicated by a marked reduction in OKT5 positivity when Ty cells

were completely removed from T cell suspensions.

Further evaluation of the functional status of rheumatoid
lymphocytes (Study 11) demonstrated, that while rheumatoid B
lymphocytes were capable of normally responding to the enhancing

effects of allogeneic normal T cells, that rheumatoid T

3200

cells were incapable of normally enhancing PFC responses from

3200



allogeneic normal B cells. These observations suggested, that
RA B cells were normally responsive to helper signals but'that
RA T cell help was deficient. While monocyte function was not
directly studied and required further evaluation, since RA mono~
cytes predominated in the B cell fraction, it was inferred that

RA monocyte function was likely normal.

In order to gain some appreciation of another aspect of
cell communication, soluble factors were raised in 48 hour cultures
(Study 12). Rheumatoid lymphocytes were shown capable of genera-
ting potent helper factors, which could effectively substitute
for the presence of T lymphocytes in cultures, and which could
cross allogeneic boundaries. While no significant difference could
be detected between rheumatoids and normal controls, a more elab-
orate method was required before concluding that factor potency
was normal. Alternatively communication by factors may have been
normal but direct cell-cell communication may have been abnormal
in rheumatoids, either as a consequence o0f an intrinsic abnormality

of the cell or in its mechanism of direct communication.

Having observed normal RA B and inferred normal RA monocyte
function, a final study was planned to confirm the impression that
helper T cell function was abnormal. In Study 13, increasing
numbers of T cells (non irradiated, T1250 and T3200) were cocultured
with B cells. Dose response curves differed between rheumatoids

and controls. However, when a four fold excess of irradiated



T cells were cocultured with B cells, normal PFC responses
were obtained in rheumatoids, suggesting that the restriction
previously observed could be overcome by the addition of an
excess of help. TFinally, in normal subjects at low T/B ratios,
low dose irradiation of T cells was noted to have a suppressor
effect on the PFC response, confirming the presence of a radio-
sensitive population of helper T cells —-as reported by other

researchers.

The studies reported in this thesis indicate that the
dysfunction of suppressor T cells described by other investigators
is not the only immunoregulatory abnormality present in rheumatoid
arthritis, but that helper T cell function is also abmormal. The
functional potential of B cells and monocytes has been considered
normal although the latter requires further evaluation. Apart
from an increase in the T4/T5 ratio in active rheumatoids, no
quantitative abnormalities were noted in the numbers of immuno-
competent cells involved in the abnormal responses observed. An
association was confirmed between Ty, OKT5+ and radiosensitive
suppressor cells. In the final chapter, the relationship between
these in vitro observations and the disease state are discussed

and avenues for further investigation suggested.

B T,

GLASGOW |
l UNIVERSITY s

LIBRARY




IN VITRO STUDIES ON IMMUNORECULATION

WITH SPECYAL REFERENCE TO RUEUMATOLD ARTHRITIS

By
WICHOLAS BELLAMY
MeBo CheB (Glasgow) M.R.C.F.(UK) FRCP(C)

Thesis submltted for the degree of

Doector of Medicine

to
The University of Glasgow

From

The Rheumatic Disease Unit
Uaiversity Hospital,
Univorsity of Weatern Ontario

London, Ontario, Canada

Submitted December 1931




Thes:s
63406

Copy 2

| GLASGOW
UNIVLRSITY
LIBRARY.

B = R TR e b




- i -

To
My wife, Helen and
wy two children, Peter

and Gatherine.




= Aid -

fefore taling up the post of Research Fellow in
theunatology at iicMasier Unfversity, Hemilton, Ontarie in July,
1981, ay clinfenl tralning had been in internal medicine and
vhewmatology. My initial dnterest fn the latter speclalty
daveloped during a junior house officer appointment with Professor
B. HeGirr at the Glasgow Royal Infirmary, part of which I gpent
with Professor W. W. Buchanan at The Centre for Rheumatic Diseases
(1974) . Having some appreciation of the e¢linical complexity of
the specinlty, I later went on to compliment this experience
with appointments at Harmessmith Hospitel, London under
Dr. G.R.V. Hughes (1976) and in the University of Western Ontario
Speeialty Training Programme under Drs, larth, Bell, MeCain,
Thompson, Disney and Coulter (1979-80). While these clinical
oncounters directed my interest towards the study of patients with
theunatic disecases, it was (in keeping with the history of iumun~
ology), i, Peter McKenzie who first ralsed my curlosity regording
the exact mechaniam of the imuune response and its regulation
during my appointment as Senior House Officer in Infectious
Diseasens at Belvddere Hospital, Glasgow (1975). As an under-
graduate, I had appreciated the diiferences which apparently
existed between the humoral and cellular immune responses and

committed Gell and Coombs classification to memory. However,
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in between graduation fromGlasgow University in 1974 and undexr-
taking the reseaxch to be reported in this thesis, wajor advances
in the field of imnunoiogy had defined the existence of gubpopu-
lations of immunocoupetent celle and gencrated several theories
of how the immune response was regulated. Whille dmmune phencuens
have been recoguized for several decadas in patlents with rhouma-
toid arthritis and the conseguances of chronwle Inflamnation ia
this comzon disorder familiar to all practiecing clinicisna, the
origin of such lmmune abnornalities has not been defined. A
revicy of tha literature revealed that while seversl lumune
atmormallitics had been veported in rheunatold arthritis, there
exloted new techndgues which had not been applied in the study &6F
the digease and which allowed emaninotion of lymphocyte subpopula-
tions and thelr regulation of the ivmme response, It was with

enthusiasn thai I accepted the opportundty to study immunoregula-~

tion in rheumatodd avthritds in colleboration with Dr. David A. Bell

amnd Mrs. Lua Catzns.
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SUMMARY

This thesis is based on studles conducted between 1979
and 1981 at the University of Western Ontario, London, Canada.
Although considerable advance has been made in recent years in
quantitation of various aspect of the immune response in
rheunatoids, and in dissecting mechanisms by which the response
1s regulated in healthy individuzls, there 1s a relative lack
of Informatlon regarding lumunorapgulation in rheumatoid arthritis,
A series of comparative studies were planned to examine quanti-
tatlve and qualitative aspects of fmmunoregulation in patients

with rheunmatold arthritis and normal healthy individuals.

The introductory chaptera of thie thesis veview certain
aspacts of rheumatodd arthritis and immunology, immunoregulation
in nornal individuals and the Ilmmunopathogenesis of rheumatoid
arthritis. GSubsequeat chaptors report the collection, standardi-
zation, meodification and application of study methods and discuss

the resulis of serlial studies.

For the functional studies, a modified reverse hemolytic
plague forming cell assay was ugsed to meagure lmmunoegiobulin
synthesls by B lymphocytes in cultures coutainiug coubinations of
B and T lymphoeytes, In this assay asystem responses (Studies 1-~5)
wore ghoun o be related to culture duration, concentration and
batch of pokeweed mitogen, source of foetal calf serum and the
dose of irradiation used to manipulate the T cell help/suppression

balance.
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In Study 6 fununoregulation was exanined by selectively
deatroying T suppressor cells with optimal dose radiation prior
to coculture with B cells, and in Study 7 by selectively
removing T suppressor cells using a chicken rosette assay which
depleted T cell suspensiona of cells bearing Fe receptors for
IgG (ly cells) prior to coculture. In normal subjects, coculturec
of B cells with T cells enhanced the PFC (plaque forming cell)
reasponse, which was further increased when T cells were clthor
irradiated at optimael dosages (nggg) or depleted of Ty cells
(T nony) prior to coculture - a response consistent with an
effective reduction of suppressor T cell sctivity. In marked
contrast, while rheumatoid T cells were capable of enhancing the
response of rheumatold ® cells to an equivalent degree as in
controla, the additionol auvpmentation seen when 3 cells were co-
cultured with TBZGO or T neny cells was absent in almost all
rhewnatolds. Theae observations were iantarproted as indicating
a functional and/or numerical defleiency in one or several subaets
of mononueclear cells, but were not conasfstent with a pure dys-
function or reduction in the number of suppressor T cells alone.
While abnormnlities in T suppression in rheumatoid arthritis have
receatly bean reported, the co-existence of other Jfmmunoregula-
tory sbnormalities has not been exomined. It was also demonstrated

that the controversial Ty cell population had suppresser activity




and that the radiosensitive suppressor cell and the Ty cell
were rekated., Finally, the restricted PFC response in rheuma-
toids was not found to be related to the number of Ty cells,

which was normal.

Prior to undertaking additional functional studies, lympho-
cyte suspensions were examined for thelr content of monocytes,
Ia+ T cells and OKD4t+, OKISH+ cells, since a numerical abnormality
would have provided a simple explanation for the differences.
Monocytes were enumerated using a non-speclfic esterase stain,
with methyl green counterstain for lymphocytes (Study 8),Iak,
ORT4+ and OKTS5+ cells were enumerated in microcytotoxicilty assays
uaing monoclonal antibodies (Studies 2 and 10). The numbers of
monocytes (in unseparated, B cell and T cell preparations), Ia+
cells (in T cell preparations), and OKT4+, ORIS5+ cells (in T cell
preparations) were similar in rheumatoid and normal subjects.

An increase in the npumber of Iat cells and an increase in the
OKT4/0KT5 ratio favouring help, was observed in patilents with
active disease. A relationship between Ty and OKT5+ cells was
indicated by a marked reduction in OKI5 positivity when Ty cells

wvare completely removed from T cell suspensions.

Further evaluation of the functional status of rheumatoid
Lymphocytes (Study 11) demonstrated, that while rheumatoid B
lymphocytes were capable of normally responding to the enhancing

effects of allogeneic normal T cells, that rheumatoid T

3200 3200
cells were incapable of normally mmhancing PFC responses from
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allogenedc normal D cells, These obsexrvations sugeested, thet
RBA B ecella were normelly responsive to helper signals but that
RA T c@ll help was deficient. While monocyte functlon was not
directly studied and required further evaluation, since RA nono~
eytes prodominated in the B cell fraction, it was inferred that

RA wonocyte function was likely noxmal.

Ia order to gain some appreciation of another aspect of
call communileation, soluble factors ware raised in 48 hour cultures
{Study 12). Rheumatoid lymphocytes woere shown capahle of genera~-
fing potent helper factors, which could effectively substitute
for the presence of T lymphecytes in cultures, and which could
erong alloponete boundaries. While no signilficant difference could
ba dotected between rhoeumateolds and noymal controls, & mora elab-
orate method was required before coneluding that factor potency
was normal. Altemativaly communlceatlon by factors wmay have been
norioal but direet cell-cell communleation may have been abnermal
in theunatodds, elther as a consequence of an intrinsic abnoymality

af the cell or in 1ts nochanism of diveet communlcation.

Having observed noxmal RA B ond Inferred nrormal RA monocyte
funecvlon, a final giudy wae planned to conflrrm the improesilon that
helper T eell functlon was gbnormal. In Study 13, increasing
numbers of T cellp (aon ivreadlated, TlZSQ and 13200) ware cocultured
with B cellg., Dose vespouse curves differed between rheuwnstolds

and controls. However, whan a four fold excess of irradiated




T cells wore coculturved with B cells, normal PYC responses
were obtalned in rheumatoids, suggesting that thae restriction
proviously observed cownld be overcome by the addition of an
excess of help, Finally, in normal subjects at low T/B ratios,
Low dogse drradiation of T cells was noted to hove 3 suppressor
effect on the PFC response, conflrmlng the presence of a radio~
senasitdve populetion of helper T cells vas reported by other

TaSeATChers.

The studles veperted in this thesis indicate that the
dysfuncilon of suppressor ¥ cells degeribed by other fuvestigators
is wot the only immunovegulatory sbrormality prescont in rhewnatold
arthritis, but that helper T cell function is also abrnormel, The
fanctional potentiel of B cells and monocytes hoas been considered
normal although the latter requives further evaluatlion. Apart
from an increase in the T4/T5 watio in active rheumatoids, ao
quantitative abnormalitiles were noted in the nurbers of tnmuno-
competent cells involved in the abunoymol responses observed. An
asgoecliation wvas confirmed between Ty, OKTS5+ and radiosensitive
supprossor cells. Tn the final chapter, the relationship between
thase in vitro obgervations and the discase state are discussed

and avenues for furthor iovaatipacion suggested.
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HISTORY OF RUEUMATOLD ARTHRITIS




Rheunatoid arthritis is a disorder unique to humansl
although Bywatersz descrihed a primate arthropathy with some

clinical and histological similarity to the disease.

The antiquity of osteoarthritis haa»been clearly
demonstrated in the mumnified remains of the Pharoaha3 and
in the paleopathology of dinoaaursé. Furthermore, it can
be recognized in mediaeval classical paintings and is

eluded to in Shakeﬁpearas.

Although many have attempted to identify at what time
in history rheumatold arthyitis first appeared, there is
no definite description until the 19th century. Smith and
Jonesﬁ described a prehistoric Egyptisn skeleton showing
fusion of one elbow joint suggestive of the disease, in a
mumny found in a cemetery of the 5th Dynasty of Deshasheh
in Egypt. The ancient Indian Sanskrit writings of Caraka
Samhita (circa 10D A.D.)8 way have alluded to the disease.
Cnugheyg has provided good evidence that Emperor Constantine
IX Monomachus (circa 980~1055) may have suffered from
rheumatoid arthritis. It is not described in The Bible,

the writings of Hippocrates and other anclent Greek medical
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writerale, Shakeapearels or any other text prior to the
baginning of the last century. A review of nediaeval
paintingsll posaibly provides some evidence for the
presence of the disease In the Late Middle Ages. The
metacarpophalangeal and proximal interphalangeal joint
gwelling of the right hand of the maidservant in Jacob
Jorden's (1593-1678) The Painter's Family (Figure 1),
and the swan-neck and buttonhole deformities seen in
Jan vanfyck's (1441) Jan IV, Duke of Brabant bear

striking similarity to those seen ia rheumatold arthritis.

It 18 controversial whether the English Physician,
Thomas Sydenhamlz (Figure 2) was referring to rheumatoid

arthritis when in 1685 he wrote -

"Indeed it may happen that
where the said pains will
have harassed over many
days and very often they
nay at length desist
spontaneously, and mean-
while the sufferer may be
deprived of all movements
of his members until death,
with the Jjoints of the
fingers as though reversed,
amd with swellings as in
arthritis, knotted and
protruding on the inside
rather than on the dorsal
part of the fingera: never-
theleags he may have a good
stomach and tolerate other
aspects of life well",

Sydenham 1685.




Figure 1 - THE MAIDSERVANT from JACOB JORDEN'S (1593-1678)

TUB PAINTER'S FAMILY - possibly an ssrly
illustration of rhsumatoid arthritis.



FIGURE 2 - THOMAS SYDENHAM (1624-1689)
"The Eaglleh Hippocrates". From a portrait
in the Royal College of Fhyslcians, London,
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The first classical description of rheumatoid
arthritis ia commonliy attributed to Augustine Jacob Landre-
Benuvaisls (1772-1840). On August 3rd, 1800 at the
University of Paris he presented a thesis entitled 'Doit
on adnettre une nouvelle espece de goutte sous la denomin-

ation de goutte asthenique primitive'.

s type of gout, leas frequent indeed,
but which depende on a condition of
prinary weakness. Thia 1s the
dlgeagse of the indigent and has been
rarely observed. One finds the
common gout only smong those who are
able to live on a vrich diet, then a
condition of weakness follows a condi-
tion of atrength and vigour. The
'primery aesthenic gout' has ita
seat in the houses of the poox".

Landre Beauvais 1800
(English Translation)

B3ir Alfred Baring CGarrod (1819~1907)14 (Figure 3)
uged the name “rheumatoid arthritis” in 1859, although
the terms rheumatism and arthritis have much older origin.
Galen (131~201 A.D.)(Figure 4) introduced the term
rheumatism from the Latin rheuma «~ a flux., The word flux
was based on the humoral concept and signified that the
disease arone from a flow of peceant humours. Of interest
the Latin word gutta ~ a drop (origin of the word gout)

similarly indicated a basis for discase arising from drops




Figure 3 - SIR ALFRED BARING GARROD (1819-1907)

First to use the term "rheumetoid arthritis'
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of poisonous humours entering the joints and tissues.
The term arthritis was used in the great writings of

Hippocrates (Figure 5) to describe joint disorders.

There are a numher of possible explanations for
the apparently recent emergence of rheumatold arthritis.
(A) The divease was pouaibly mild or rare and escaped
desceription by early authors and artists. (B) It could
have been present for a long time bhut clossified under
a different name e.g. gout. (0) It may have been
fenuinely rare because in formar centuries age expect-
ation vas lower and potential sufferers died of other
causea before contracting the disease, The low prevalence
of rheumatold arthritis in Xeaya has provided evidence of
this explanation in under-developed countrieslﬁ. (M) It
could be, that it is indeed a relatively new disease to
affect wmankind. It has been postulated that zheumatold
arthritls is a viral disease. WNew viral diseases continue
to appear e.g. Inglish sweata of Fudor Ingland, encepha-
litis lethargica, Bornholm disease, aéute haemoryhagic
conjunativitis (Apollo disease), Marburg fever and Ebola
viral hacmorrhagic fever 16,17,13,19' Could it be, that an

as yet unrecopnized virus, arising in the early 19th Century

and persisting to the present time, ls responsible for the




»

Figure 5 - HIPPOCRATES (460-370 B.C.)

In the 5th Century B.C. the lengthy
development of Greek medicine wee
capped by and epitomiaed in Hippocreti
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disense? Or s the aetfologic agent non-viral, but sinilar
in its evolution to that of Leglonnaire's diseaae20’21’22 -
another appavently new condition? At present there ave no

answers to these queations.

The development of the nomenclature of rheumatoid
arthritis spans several aenturiasza. Iventually recognized
as a different disease to gout, ankylosing spondylitis,
ostecarthritis and rheumatic fever, it was called by varying
nanes -~ St. Gervasius' disease (collective terr: for any
arthritis), rheumstick gout, priwary asthenle gout and
atrophic arthritis were some of them. The British Ministry
of Health adopted the term rhewmatoid arthritis in 1922,

the American theumatism Association followlag suit dan 1941,

Rheunatold arthritis is a very common disorder
affecting between 1 and 27 of the adult population of
developad cauntriwazﬁ. Apart from the islanders of Tristan
da (‘,‘unhazS no other community studied, has heen found free
of the disease. The relationship between cold dacp climates
and zheumatoid arthritis has attracted considerahle attention.
However, epideniologic studles conducted on Black Feet
Indians (from the cold semi-axid regions of Montana) and Pima

Indians (from the hot, arid deserts of Arizona) have shown a
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sinilar prevalence of rheumatoid arthritis in the two
populationaze. No relationship to lntitudezé has heen
digcovered inspite of asurveying Eaktmoa27, Eurapeanzs.

4
Amerindiauzﬁ, Jamaieanz* gl nanuuzg populations,
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AETIOLOGY OF RHEUMATOID ARTHRITIS.
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The actiology of rheumatoid arthritis is unknown but
three hypothes«s have attracted serious consideration -~

infection, heredity and auto iluomunity.

Before the technology needed to study auto-immunity
was developed an infective aetlology was attractive. For
aeveral decades infective agents have been sought in the
joints of gufferers from rheumatoid arthritis, but none
has been demonstratedao’al. The varying enthusiasm for
implicating particular classes of microbes has been
generated principally by the available methodology: thus

the sequence from bacteria to mycoplasmata and during the

last decade to viruses.

Once favoured, diphtheroids have now been discredited
as aetoldgic agentsaz. Serum levels of antibodies to
enteric bacteria have not been found elevated in juvenile
rheunatoid arthritisgs. Although mycoplasma can be used
to induce arthritis in lahoratory animals, slow growing
wycoplasma have only been found occasionally in patients
with rheumatoid arthricis, the majority of patients showing
no evidence of such an 1nfection34. While a number of

bacterial infections have on occasion arthritic manifesta-

tions, e.g. syphilias, tuberculosis, gonorrhea, and many




infections may stimuiate the production of rheunatold factox
{although penerally in lower titres than gseen in rheuwmatold
arthyitis) e.g. syphilis, leprosy, tuberculosis, schistosomfasis
and pubacute bactevinl endocarditis, no agent hos proven to be

a consilstent or likely condidate for an aetiological rola.

Becantly, fanterest in a vival agent has intenaifled. A

variety of cellular incluglons have been wnoted but none convine-
ingly vival 1a appnarancazz. Attempts at virus isolation have
produced predominantly negoative resulis. Innuno~-fluorescent

and rcadio-twmunologic tachnigques have falled to identify virus
particlea34’35. Studies of virus antibody titres in rheumatold
arthritls have noi ddentified a consistent abncrmglitya but have
not usually dncluded a control population., In the last few years
the Epstoln Havy vivus (HBV) and two transfomnation antigens BONA

(Epstoin Bary Buclear Antigen) and RANA (Rhewmatoid Arthritis

Huclear Antigen) have attracted considerable attention.

Iin 1973 Reedwmen and Kleinjﬁ demonatrated that EBNA developad
in B lymphocytes infected with EBV. Hrbarg et a137 then showved a
correlation between Lhe pregence of EBEA in infected cells and the amount

of BV DUA 1o the same cells. In precipitin and ilmmunofluorescent studies



gera from patients with rheumatold arthritis recognized

this antigen. In vitro studies have shown that once EBV

PHA 18 incorporated into B cell nuclel, it can persist for
multiple penerations and reproduce with each cell diviaeion,
but does not usually progress to syntheasis of the complete
virionga. EBV stimulates the mitogenic activity of 3 celis
and may lead to development of transformed cell lines that

can in vitro be carried in perpetuit 39. EBV is a potent

polyclonal B cell activator of antibody production&o. In

one &tuﬁyal, thirty per cent of the IgM antibody produced from
infected rheumatold B cells had high avidity rheumatoid factor
activity, while from contyol cells oniy 2% had rheumatold
factor activity and it was of low avidity. Furthermore,
rheumatoid cells produced much more rheumatoid factor. One
possible interpretation of these differences was that
rheumatoid lywphocytes were already maximally activated to
rheumatoid factor production by the disease. B cell trans-
formation was higher in rheumatoids than in normals and could
be variably inhibited in vitro by the patient's T cells, This
observation raised a question as to whether the problem was one

of abnormally responsive EBV Infected B cells, or of a reduced

ability of T cells to suppress infected B cells,




Alspaugh et a142 deseribed the second transformation
antigen, RANA which they felt differed antigenically from
EBNA. Again in precipitin and immunofluorescent studies
sera from patilents with rheumatold arthritis recognized the
antigen. In one study of normal subjects43 titres of EBNA
and RANA in the same individuals were similar, indicating

that they may co-exist.

In ascribing an aetiologic role to EBV there are a
nuwber of further considerations. (1) EBNA has been found
in 75% of normalshsh (2) EBV infects ¥39% of Americans by
age 30 year538, while the prevalence of R.A. is in the order
of 1-2%2. (3) There are & number of other microbial polyclonal
B cell activatorsss‘ (4) T cell helper substances, macrophage
stimulatory products, anti Ig antibodies, antibody to lympho-
cyte membrahe antigens, and immune complexes reactive with Fec
or complement receptors are all capable of provoking B cell
mitogenéaisé4'4s’46’47. While only EBV has been shown capable
of provoking B lymphocytes to fully transform, these other
factors may play a facllitatory role. 1In the light of this

relatively new knowledge it is evident that EBV requires serious

and further consideration as a major aetiologilc agent.
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1f viral infection is Important in rhewmatoid arthritis,
it likely results from the incorporation of the viral genome
into the nucleic acid of host cells. There are a number of
ways in which chronic synovitis could subsequently occur.
(1) Neoantigens (either virus coded or virus~induced host-
coded) might appear in or on the cell membrane of synovial cells
and be susceptible to attack by the host immune system. (2)
Virus coded membrane proteins may serve as antigens for lmmune
complex formation. (3) Virus infection of lymphocytes and mono-
cytes may impair immunologic functions and alter normal lympho--
cyte recirculation. (4) Virus transformed synovial cells may
lose their normal control mechanisms, leading to chronic cellular

dysfunction.

Heredity has long been consildered an important factor
in the aetlology of rheumatoid arthritis, but there is no evidence
of a single dominant oy recessive trait. O'Brien48 invoked a
mathematical model for estimating the probability of wvariable
penetrance in chronlc disease but failed to show any evidence

49 the genetic

for 1t in rheumatoid arthritis. In twin studies
component could only account for 30% of responsible aetiologic

factors. However, seropositive erosive R.A. iz 38 times more
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likely to develop in an identical twin of a patient with
thia ayndrome. The likaelihood of zaropositive erosivae R.A.
in a fraternal twio 13 that of 2 sibling of such & patient ~

alxfold increase.

More recently interest has centred on D locus genes
of the HLA system located on the short arm of chromosome 6,
and 1n particuler on HLA W4, IUW4 occurs three to four
tines more frequently in adelts with rheumatoid arthritis
thon in non-rheumstoid controlu50’51’$2. It 1= believed
that ¥ locus gones exert an influence on the lumune response,
and 4t 1z postulated therefore that genetic makeup may
predispose some individuals to the development of rhewnatoid

arthrivise. Yowever, 39 to 457 of patiente with R.A.Sl’s2

do
not have DA, Mothods for accounting for these individusle
28D to sugpest thot genes prosently recognized sre 1in linkage
dyaequilibrium with those which really congrol the response,
or that susceptihility 1s conferred at more than one gene

locuzs. This nay ba true, but evidence is incomplete, and

the aetlologic role of D locus genes cannot he estimated.

Immunologie tolerance - the mechanisi that prevents
auto~immune response, is poorly understood., Haintcenance of

tolerance appesars to be the result of the combination of
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(1) deletion or paralysis of autoreactive lymphocytes,

(2) amctive inhibition of immune responses to self components
by wegulatory lymphocytes known as suppressor celis and (3)
Iyophocytes directed apainst speciflc antigen recognition
units on the surface of lymphocytez, which inhibit antibody

production and cellular immunity. It appears that auto-

Iwmaune phenomena can ba inltlated by exposuxe of the fmmune
systen to host components that sre normally inaccesslble, or
by alteration of selfl components evoking cross reactivity,
or from malfuoction of the normal regulation of the immune
systeite The dnteraction of viruses or chemicals with self
conponents in plaoswa wembranes, particularly those coded for
in the major histeocowpatability complex, may be ceritical in

indciating certain divease statos.

The concept of auteimmwunity in rheunntold arthritis
oviginated from the observation that the serun of rheumatoids
would agglutinate many organisus, and even inert particlausa’SQ’ss.
It wag scon ghovm that this phenomenon was due to the presence
of vhoumatold factor which acted as an antibody to gamme

56. Different

slobuling, and thus was congidered an auto-antibody
classes of rheumatold factox are now rvecognized, producing some
diffleulty with the temminology, seropositive and seronegative.
Patients who are geronegative for Ig¥ rheumatold factor may be

positive for IgG rheumatold factor.



The pathogenetic significance of rheumatoid factor
has to be viewed in the light of several observations. It
is evident that IgM rheumatoid factor is not essentlal for
the existence of the disorder since approximately 207 of
patients have no detectable ITgi EﬂS?. Furthervaore,
rheunatold factor moy be found in healthy noxmal aubjectnss
does not hare normal volunteers when administered iutra-

venonslysg, and one third of children with agamwaplobulin-

anaemia develop n discase which has all the fLeatures of

rheumatold arthritic without demomstrable rheunatold factox

being prasent in thedr hloadﬁo.

Yvidence implicating rheumatoid factor in a pathogenic
role will be discussed in the section on immunopathogenesis
of rheumatold arthritis. The demonstration of antibodies to
Tgs, nuclooprotein and ecollagen in aserum and synovial fluids
of patients with rheumatold arihritis suggests an impalrment
of diserimination between self and non~self. How many of
thove phenonena are primary and refleet causation, and how
many ore sacondary and are a consequence of the diseage is

not known.



The pathology of rheumatoid arthritis is primarily
that of severe chronic inflammation. Although this ocauxrs
mainly in the synovial lining of diarthrodial joints, neo
tissue 1z exempt from the ravages of the dlsease¢. There is
ovidence implicating both cellular and humoral Immmune
reapanses. Large punbera of T lymphoeyies in synovial
tdooue and lymphokines in synovial fiuvid, sugzest o role
for cell medlated imsmnit:y%. Thoumntold aynoviam in vitro
produces matibody, and this together with the fdentification
of immme conplexes In synovial Fludd assert the importance

of humoral fomune mechonisms.

Phus, it is probable that rheumatoid arthyitis is of
multdfactorial aetfclogy rathar than due to a single cause.
Genetic offects ave likely mediated through an influence on
the dmmune response, resulting in increased host puscentd-
biilgy, while the dnitiating event for the disense may be a
slow virus. To date no relationship has been eatablished
between DWA and antl-PANA and anct‘-m)}?m[’a. tHlowever, there
are wndoubtedly other D locus sntigens which will be defined
in the future, and there sre in addition gaveval naturally
oeccurring polyclonal B cell stimulators other than Tpsteln

Bowr vimﬂw.
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HISTORY OF TMMUNOLOGY
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Thucydides at the helght of a plague in ancient
Athens recoxded that the sick and dying would have received
no nuraing at all, had it not been for the devotion of those
who had already had the plague and recovered from it, since
it was known that no one ever caught it a second timaﬁl.
From at least 1500, the Chinese and Turks had both practised
prophylactic induction of smallpox in their children. In
China ‘this was achieved by taking dried powders of smallpox
crusts in the form of snuff -~ a practice not without accasional
misfortune., Lady Vortley Montague (in the refign of George I)
was the firast Briton to report the benefits of this form of
treatment, vhich inspite of religious objectione she allowed
to be successfully administered to her child in Constantinople.
The germ of immunology grew out of the common knowledge that
thoge who survived an infectious illness seldom contracted
the disease again during their lifetime. Anthony von Leeuwenhoek
(1632~1723) (Figure 6) made monumental contributions to medical
sclence by introducing (but not inventing) the microscope,
by the description of his "little animals” and by his recognition
of the corpuscular elements of human blood. With the availability
of the microscope and the knowledge of the existence of micro-

oxrganisms Edward Jenner (1749-1823) ensured the future of




Figura 6 - ANTHONY von LEEUWENHOEK (1623-1723)

Introducar of tha miercoeopa to aadlcina
and daaeribar of "llctla animal#".



inmunobiology when, as a medical student, he discovered
that innoculation with cowpox crusts, protected humans

from smallpox. He made this observation in milkmaids

who had contracted cowpox and were subsequently resistant
to smallpox. Louls Pasteur (1822-1895) first used the
word vaccine (vaccdia cow ~ in honour of Jemner)., IHe
developed the germ theory of disease, refined preventative
inmunization, and waas able to use living attenuated
cultures of cholera organisms to actively immunize fowl.
Pari passu with the development of knowledge of the
important part that bacteria played in the causation of
human disease, interest increased in the process by which |
the body resisted invasion by micro-organisms and by which
inmunity was achieved following 1nfection62. Pasteur
hinself was well aware of many of the problems and thought
vaguely in terms of a struggle between host cells and
invading organisms. Robert Xoch (1843-1910) discovered the
tubercle bacillus, and in his attempts to davelop a vaccine
for tuberculosis, observed the phenomenon of delaved hyper-

sensitivity (cell medlated 1mmun1ty)63.

It was not until 1883 that the Russian Zoologist Elie
Metchnikoff (1845-1916) (Figure 7) realized the potential

importance of a cell which fought Infection.




Figure 7 - ELIE METCHNIKOFF (1845-1916)

Leader of the cellular school
of texmmology.



"One day I remained alone with my
wicrascope, ohgerving the life in
the mobile cells of a transparent
starfish larva, when a new thought
suddenly flashed across my brain. It
gtruck me that gimilar cells might
serve in the defence of the organiem
ageinst Intruders ..... 1f my susplcion
was true, ¢ splinter introduced into
the body of the starfish larve, deveid
of blood vessels or a nervous system,
should soon be surrounded by mobile cells
aa is to he observed in a man who runs 2
splinter into his finger .... that experi-
ment formed the basis of phagooyte theory,
tuathe development of which I devoted the
next twenty-five vears of my life."

F. Metchnikoff 1883.

Although Nelsser, Koch and Ogstan had recognized that
bhacteria were often found within blood leucocytes, they had
failed to appreclate the significance of thelry observation
and assumed that leucocytes had been invaded by bocteria.

In fact Panum, Hwart and Shafer had also reeogniicd phago~
cytosis but did not attribute to it, its due importance and
therefore failed to pursue the idea. By 1891 Maechnikeoff had
traced the evolution of the reaction of living organiﬁms to
parvasitic {nvasion or injury, and in so doing put his finger
on the gignificance of inflammation ~ 1t was a resction for
the defence and repair of damaged tissue carriled out Ly

phagoeytic cells. For geveral years he worked with the
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transparent waterflea (Daphnia), an ldeal model in which

to microscopically observe in vivo the activity of blood
corpuscles. 1In his later life he recognized two main
phagocytic blood cells, polymorpho-nuclear leucocytes and
monocytes, and also recognized tissue macrophages.
Metchnikoff's theory of phagoeytosis was not generally
accepted at the time, although Pasteur found it plausible
{a fact which resulted in Metchnlkoff moving to the Pasteur
Institute in Paris).

The next majoxr advance was the development of the
theory of humoral immunityﬁz. It was Huttall who first
recognized that defibrinated blood was capable of reducing
the number of viable organisms on culture plates. Two of
Koch's aesistants, Behring and Nissen, extended this work
and demonstrated that blood was only bacterioccidal against
some organisms., Then Buchner in 1889 showed that this
bacteriocidal property was present in "cell-free blood sera",
a fact which provided the dmpetus for a school of thought
differing greatly in its philosophy from that of Metchnikoff's.

Four years later Buchner discovered complement {alexine).




Roux and Yesin (1885) working with diphtheria bLacilli
demonstrated that the organisn claborated a potent goluble
exotoxin, an obssrvation now known to be of lumense
pathogenic importonce. Bebhring's major contribution (for
which he became the firat Rokel Lauriate in medlcine and
physiology) was the recopnition of anti~toxnin. It was
discovered that guinea~pips could be imunized agalust
diphtheria toxin and that sublethal deses of diphtheria
resulted in the production of an animal fumune to the
disease, Rehring conducted similar experiments on teranus
with Kitasato, and 1t was not long before antitoxins were

produced commercially.

At the Conpreas of lHygeine in London in 1891 the
hunioral theory was favoureéﬁz. Rollowing heated debate
at this Congreso Hehring and his colleagues in Hoch's
laboratory went on to further disgovery., While Lister
kept an open scilentific mind about the two philosophies
(though favouring the cellular school), Metchnikoff sensed
that his credibility was being challenged, snd rather than
attempting to reconclle the two, pereisted in attempts Lo
demongtrate the superiority of the cellular school and
made no further contribution of any significance to the

sclence of immunology.
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The closing vears of the 19th Century saw intensive
work on varlous hacterisz and the recognition that appropriate
fmmune sexa could dnmmobilise vibrio ¢cholera and agglutinate
typhoid bacteria. Pleiffer, Gruber, Widal and Vright made
thelr individusl contributiouns around this time, However,
Border made the nost fmportant observation, that serum from
oue specles would agelutinate thoe erythrocytes of anocherﬁz.

Ttalian workers showed that the gerum of a horse injected

with rabbit exythrocytes, acquired toxic properties for the

rsbbit., Furthorwovae, immunlization of animals with bacteria,
enhanced the power of their sexum to azglutinate the same
bactexla. It was therefore considered and subsequently proven
thet the same process would increase the agslutination powar
of serun against foreilgn arythrocytes. Tordet demonatrated
that agglutination and lysis required both heat ciable anti-

hody and heat stable complement.

At the turn of the Century Metchnikoff led the c¢ellular
school and Bhrlich had risen to prominence as the leader of
the humoral school. Paul Fhrlich (1854-1915) (Figure 8)
has been conridered one of the sreatest scientific workers
in basic science. In three years he founded morphological

haematology (normal and pathological) and recognized subsets



Figure 8 - PAUL EHRLICH (1854-1915)
Leader of the humoral school
of immunology.
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of white bleod cella by their staining characteristics.

Ehriich nade remarkable discoveries in several areas of

basic science., Dis contribution to frmunology coan be

divided into five periods .

18901393z

1894--2.008:

1899-1901:

1901--19032

1904-1906G:

62

Studies on lnmumity to vegetable poisons
rigdn and abyin and connectad studles on
tha inheritance of tmounilty.

Worlk on production and asesay of potential
diphtheria ontitoxin.

Studico on fmmune haemolysils (prompied
by Bordet’s obsoyvations).

Ywvolution of a general theory of immuno-
logy, attompting to explain and reconcile
pravious obscrvations.

Attempts to fit new facts into the theory

aad encourasing the activitiee of hix pupils,

Trom his work on tetanus antitorin Thrlich developed

the so called sidechain theory

635 in which 1t was concep~

tualized that sidechains anchored large moleecules o cell

surfaces (bacteria or red cellws), while at the same tine
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coupling the complement necessary for cell lysie.
Furthormore, excess sldechains were released to circulate
free pg an antitoxin in the blood. The next few years
sow intensive work on haemolysins, antitoxins and the
nature of complement and red cell receptors. FBhrlich
vecognized the possihility of horrow autotnxicusﬁé
(suto~dmmunity) but failed to recognize it clinically

in humans or In andwals. Thriich'’s sidechain theory was

not universally accepted and was seriously challenged by
Bordet, Arrhenius and Gruber. Amongst his other discoveries
wore the lag time between antigen injection and antihody
production, the anamnestic response, the central transfer

of immunity, and the renewing of Bordet's alexine, complement,
It was fitting that in 1908 he shared the Tobel Prize with

Metehnikoff.,

In 1303 Almoth Wright and Stewart Douglas recognized
that neither the cellular theory nor the humoral theory was
wrong and that both were correctﬁs. By coining and defining
the term “opsonin” the differences between the two schools
of lmmmelogy were resolved. ‘Iwo French scientists Portler
and Hichet (1902}, working with sea anemone toxin in dogs

degeribed anaphylaxin and for the first time the detrimental
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effect of antibodies was recognizedes. Since this was
the era of antiserum injection it had a profound impact
on the practice of medicine. In the years between 1900
and 1930 Schick and vonPirquet described the serum
sickness reaction (1905), Prausnitz and Kustner recognized
reagin (IgE) (1921), Landsteiner discovered the ABO blood
group system (1903) and coined the term hapten (1917),

while Wasserman developed a test for syphilis (1906).

The modern era of 1mmunology65 began in 1930 when Haurowitz
formulated the template theory of antibody formation, which
suggesfed that antibody forming cells retained the antigen,
and uged it as a template for antibody production. As a
consequence antigen and antibody had physical compatibility.
Burnet's theories of antibody formation evolved slowly and
in 1954 he conceived the clonal selection theory67. His
theory differed from that of Haurowitz, in that it stated that
clones of cells were genetically capable of making a certain
antibody and that antigen recognition caused these cells to
proliferate and produce specific antibody. Burnet also
suggested that self recognition occurred in neonatal life by
contact of antibody forming cells and a newly formed foetal
antigen. This resulted in telerance by suppression of
forbldden clones. TFor this work on immunologic tolerance in

conjunction with Medawar he received the Nobel Prize in

Medicine and Physilology in 1960.
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In the last thirty years groups of research workers have
developed new methods for studying the immune responaaﬁg.
Ouchterlony, Oudin and Elek (1946~1948) developed gel diffusion
teats, Cruber and Williams (1953) inmumo-electrophoresis and
Berson and Yalow daveloped radio-lumune assay procedures (1959).
Rabat and Tiselins recognized that antibodies were globulins
(1938) and Porter (1958) and Hdelman (1959) elucidated their
structure. In 1957 Alick Isaacs (1957) discovered Interferon,
an antimicrobial agent lacking the specificity of antibody.

In 1956 Brnest Witebsky demonstrated the aut-lmmune nature of
Hashimoto's thyroiditis and opened a new era of mediecine.

In the last twenty years the undexrstanding of the complexity
of the ivmune response has progressively advancedﬁﬁ. Gell and
Coowbs clasgified the irmune response into four typea68. Type 1
reaction (anaphylactie, ragin dependent, release of vascoactive
hormones): Type II reaction (cytotoxic): Type III reaction
(Arthus-type, damage by toxic complexes) and Type IV reaction
(delayed, cell-mediated). The hetevogenelty of circulating
lymphocytes and thelr reciveulation characterlstics were described
by Gowamaﬁ9 (1966). Since then the study of cells and tissues
of the lymphoid system has been prolifie. Although Glick70
accidentally discovered the importance of the bursa of Fabricius

in antibody production, it was MillerYl in 1961 who notdd the




role of the thymus in immunologic development. In the 70's

it was discovered that B and T lymphocytes could be differentiated
by suxrface ch&racteriaticsyz. A role for the monoeyte, separate
from that of pure phagocytosis, was recognized and an intensive
inveatigation begun into the interaction which occurred between
differvent subsets of mononuclear cells in the immme response73.
In the last ten years the fuportance of the immune response genes
of the HLA system has been realized?é, In the 1980's it can be
anticipated that gubstantial progress will be made in immuno~-

genetice, our comprehension of the ragulation of the immune response

and in the development of new methods for studying both,
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TAMUNOREGULATION

AND

THE IMMUNE RESPONSE




The lymphold system has three componeuta75: (1) stem
cell pool, (2) the priwmary lymphoid organs (thymus and bursa
of Fabricius) and (3) the secondary lymphoid corgans (lymph
nodes, spleen lymphold aggrepgates). Within this systen there
are at least four importaat cell populations: B lywphocytes,
T lymphocytes, null cells and monocyte-macrophages. %The
expression of the immune response relies not only om these cells
but also on accessory cells (e.g. granulocytes), and blologically

active proteins (e.g. complement).

Stem cells ave pluripotentlal cells having the capacity
to replicate, self renew and differentiate into more mature forms.
Originating in the yolk sae and iiver prior to birth they reside
in the bone marrow in the adult. These cells are eventually
released into the blood stream and further differentiate, depen~

ding on the nicro-environmental factors,

The thymus and bursa-equivalent lymphold organs are importe
ant in this further differentiation, and confer on these immature
cells those features which result in the production of T (thynus-
dependent) or B (bursa dependent) lymphocytes, Once released
from these organs it is believed that both T and B cells recir-
culate from the blood through lymphoid tissue, enter lymph nodes

and return to the blood via lymphatic ducts. Moreover, it is
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thought that I cells and T cells populate different areas

of lyiph organas. Thus, removal of primary lymphold organs

prior to the differeatiation of T aud B cells, iunpairs the
capacity of an individual to undertake cortein immune ragpnﬂsea76.
Thymectorny impaivs cellular innmunity and willst not influencing
the generation of immunoglobulin producing cells, docs impairx
some types of immune response dependent on T/B cell intevazcison.
Removel of primary lywphold orgens in the adult does not affect
the response uniess the poel of immunocompetent cells is also

depleted.,

mffering biological properties and functions of B and T
lynphoeytes, null cells and monocytes have been recognived in

recent yeers.

8 Lymphocytesn:

Precursors of antibody secreting cells are recognized by
the presgence of intrinsic fwmunoglobulin on their cell nembrane
(nIg). Ho other immunocompetent cells bear lmmgwslobulin, It
is pot detectable on T cells, while the passively acquired Ig
on monocytes and null cells can be readily disscclated from the
cell merbrane. These cells can thus be fdentified using an anti-

imunoglobulin bearing a detectable marker o.g. fluorescein or
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rhodanine. 7Two sources of error raguire identificatilon.
Firstly, wmany eclls (including B cells) have receptors for

Fo reglonn of aggregated immunn@lohulin77 and therefore cells
may bind aggregates of labeled anti~immunoglobulin antibodies
through reaction of thelr Fo receptors with Te portions of

the antibody, and be ddentified as becring mlg, wvhen in fact
they laak nIpg but poscesns Te receptors, This way be elimincted
by removal of aggregates from a preparation of lubelled anti-~
Tg 1mmediately prior to use. Secondly, Fe receptors (on non-B
cells) may already have bound imrunoglobulin in vivo and thus
appear to poasess ng78. This effect can be reduced by
incubating the cells at 37%¢ and washing them prior to examin~
ation - a procedure which dissoclates passively acquired immuno-~

globulin,

As well as possessing nlg and Fe receptors, B cells
display cytoplasmic fmmunoglobulin (elg), receptors for 03b and

C,d and Iz antigens.

Rnowledze of the ontopeny of human B cells is incomplete.
It appears that the fivst human mlg* cells are detected at
10 weekns of gestation. These cells have Izl on thelr surface
but lack complement receptorxs for Ya antigens. With maturation,

additional membrane markers appear i.e. IgD, Ia antigens and
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complement receptors. Finally, the class of immunoglobulin
which that cell is programmed to secrete is expressed. The
switch in immunoglobulin class expressed is not accompanied
by a change in the specificity of the immunoglobulin of that
cell. Siunce IgD is found only in low serum concentrations
in humans, it seems likely that its principle role is as a

membrane receptor and not that of a secreted antibody.

The initial event in cell activation is that of antigen
binding to a membrane receptor. These receptors have been

demonstrated to he mlg molecules79. It has been estimated

that 5x107 to 1x10°

mnig molecules (of IgD or monomeric Igh)
exist on the B cell surface. Membrane {mmunoglobulin is
orientated such that its F¢ receptor portion and its antigen
binding site are exteriorized. mlIg 13 mobile within the plane
of the menbrane snd can migrate to form micro-aggregates
{patches) or clumps (caps) in response to multivalent antigens
and anti-Ig antihodygo. Furthermore, it has heen noted that
following cap formation there is endocytosis, which results

in an initial loss of membrane receptors followed by syathesis
of new mig. This relationship between mlg and cytoskeletal
structures may relate to the signal generation necessary for

lymphocyte activational.
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Burnets cloual selection theory suggested the exiatence
of & heterogenous group of lymphocytes each capable of synthes-
1zing antibody to only one type of antigen. An antigen was
visualized as coupling to one of these cells, causing prolifer-
ation and differentiation to produce a clone of cells with the
same speeif;city as the parent cell. Subsequent studies using
radiolabelled antigens have gupported this theory, in that only
a very small percentage of B cells bind the antigen. Furthermore,
anti~immunoglobulin prevents binding of the antigen to the mlg
racaptoraz. The second requirement of Burnets theory was that
the specificity of the cell receptor nust be the same ag that
of the secreted product ¢f the deacendants of that cell.

Evidence to date supports Burnets original theonyaa'sa.

Antigen binding does not necessarily result in activation
and therefore other factors must be involved. The mechanics by
wvhich B cells are activated are poorly underatood at preaentaﬁ.
There are two favoured mechanisms (a) antigen initiated chanpes
in membyrane associated adenyl cyclase, producing changes in
the levels of cyclic mucleotides; (b) local aggregation of
receptor molacules resulting in a f£lux of Ga++ ‘ions through
the formation of membrene channels. It should be noted, however,

that results have not beern reproducable between laboratories and




the use of polyclonal activators may not equate with the
node of activation encountered in vivo to speclfic antigens.
Nevertheleas, pokeweed mitogen has proven a particularly

valuable tool in the study of human B cell function.

I-lymphocytes:

The thymus-dependent (T) lymphocytes have two types of

activity -~ regulatory and effector.

Regulatoxry: (1) Helper function - T cells help B cells
respond to T dependent antigen.

(2) Amplifier function - T cells amplify
certain Tlmediated effector functions,

(3) Suppressor -~ T cells suppress antibody
synthesls and some T effector functions.

Effector: (1) Cell mediated cytotoxiclty -~ these cells
specifically kill antigen bearing eells.

(2) Lymphokine production -~ activated lympho-
cytes release potent nonspecific biologi~
cally active substances having effects on
(a) macrophage activation (b) chemotaxis
(c) target cell lysis (d) resistance to
viruses.

El

Histologically indistinguishable from B cells with the
light microscope, T cells are recognized by theilr ability to form
rosettes with sheep erythrocyteasﬁ. That 18 for sheep red cells
to cluster around a central human T lymphocyte. These cells also

possess Fc receptoxrs, some having receptors for aggregated IgM




(An cells) and some for agpregated IxG (Ty cells). Available
evidence suggests that these receptors may be markers for
distinctive functional subsets of ca11387. The recent devel~
opment of monoclonal anti~T cell antibodies produced by the
hybridoma technique afforde a mathod for identifying and enum~
erating T cells by a different methodsa. The ontogeny and
developient of T lymphocytes has attracted considerable attention.
Immature 1 cells migrate to the thymus where they further differ-
entiate and acquire specificity. (Much of this early work was
conducted in mice and the principles extrapolated to humans).
Entering at the periphery of the thymic cortex, lymphocytes
(thymocytes) vigorously proliferate and begin their wmigration
towards the medulla. It appears likely that thymopoeitin exerts

a siguificant effect on maturation. Immune competency is conferred
within the thymus poasibly through the interaction of thymocytes
with self antigens expressed on thymic epilthelial cells and/or
thymic macrophagessg. Tha high denaity of macrophages at the
thymic corticomedullary junction has yet to he adequately explained,
but may be an {mportant factor in the production of immune
corpetence. The mature lymphocyte possessing surface receptors

and immunologic competence migrates to the circulation and then

te peripheral lymphoid tissue.




- 53 -

T-helper function:

Helper function was first recognized by the study of
antibody responses to sheep erythrocytesgﬂ. When irradiated
mice were reconstituted with bone marrow cells only,or thymo-
cytes only, they failed to produce antibody on immunization
with sheep red blood cells. However, if they received both
marrow and thymic cells they made an ‘excedlent response. It
has been demonstyvated in a mouse model that the helper
T lymphocyte is antigen-specific and exerts its helper function
only 1f stimulated by the antigen to which it is tasponaivegl.
S8ince the helper effect is most efficient when collaborating
B and T cells are brought into iantimate contact (as it is when
each reacts with distinct determinants), it suggests that help
ig mediated elther by direct cell-cell contact or via 8 soluble
factor with a short raage of action. In the last few years it
has been recognized that culuring primed T lymphocytes with
antigen leads to the secration into the medium of a factor which
specifically helps the response of B lymphocytes to antipgens on
the same wolecule for which the T cell was specifiegz. Ic

appears that these factors are not conventional fmmnunoglobulin

molecules, although they poasess an autigen binding site,
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T~suppresaor function:

Becognition of the modulating cffect of T colls on
antibody production has beon nost impmrtancgs. Suppresaion
has heen demoustrated to be antlgen specific aud can be medlated
by solubla factors in micegé. Thus helper and euppressor factors
are gimllar in that they are both T cell producta, specific for
antigen, lack antigenile determinants for immunoglobulin but
posaess antigonice determinants coded in the MHC, They differx,
i=n that (1) helper factor in secroted inte the culture mediun,
while suppressor factor fs obtained by dierupting cells and

(2) T antigens sre coded for by difforent I subregions of the

MHC (help Y-A, suppresslon 1-Y mice).

The gite of action of the T suppressor cell io unkneown.
it could set divectly on the £ cell and suppress actlvation,
or it could act on the T helpexr cell and indlvectly decrease
B eell getivation. Evidence presently favouvs the latter,
Supprespor cellz which exort potent nonspecific effects on
antibody formation have been described and may be importunt in
the normal regulation of the loumunce response. Concansavallin A
treated 1 cells and the soluble factor SIRS (soluble Immune
rYesponge suppressor), have been shown to suppress a wide range

of lmnune responses in a nonspecific faahion95.




T-amnldficr functions

Kiiller T lymphocytes may be primed in vitro by culturing
them with potential tarpet celis. Priming is8 nuch morve efficlent
howvever, in the presence of a gecond population of T lynphocytes
(anmplifier cclls) which ave also gpecific for antigenic detor-

minants on the target cell,

Cytotoxle T cells:

The killer T c2ll is fwportant in cell mediated destruction
of allogeneic cells and of cells bearing virus and tumour
nntigensgﬁ. It appears that o single 1 ¢ell can destyoy multiple
targets and that the Intersction time neceasary for cytotoxicity
is short. Killer T cells can act In isolation of other cell
types, although the latter have a profound effect on the devel-

~gpmant of K cells as notod above.

Lywphokine production:

Lymphokines are a group of blelogleally asective substances
amongst which are -

Macrophage Migration Inhibition Factor (MMIF)

Mocrophage Activating Factox (MAF)

Chemotactle Factors for monocytes, granulocytes
and eosinophils,

Interferon

Products toxie to tumour cells.




In general lymphokine productlon depemds on T cell
activation, although B cells may initlate 1t or cven secrete
lymphokines themselves (ae way monocytes). These products
hove o profound effect on the lonflammatory response, tumour

¢ells and viruses.

Bvidence suggests that T cells utilize a different antigen
recognition system from B cells. Although knowledge 1s still
incomplete it appeavs that T cell activation requires the
recognition of both a foreign antigen (non-self) and of an I
region antigen common to the antigen presounting call and the
primed T cell (self)g?’ga. This requlrament has bheen termed
the "MIC restriction of T lymphocyte activation” and sugpgests
a major function for the I reglon of the MIC, ‘ihis point has
baeen further highlighted by the observation that antisera
directed againat I region gene products inhibits T lymphocyte
aetivatiangg¢ Although the nature of the veceptor is unknown,
MHC gene products and Ig Vﬁ gene pool products (genes qoding
for idiotypes on the variable region of the heavy chains of

antibodies) are strong contendexs.
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Monocytes and Macrophages:

The monocyte-macrophage system has gained increasing
importance in the inftiation and mediation of the immune
responaeloo. Monocytes derived from the haemopoietic system
migrate into peripheral tissues where they are identifiable
as macrophages. These cells hgve some gimilarity to both
polymorphonuclearleucocytes and lymphocytes, in that while
being phagocytic cells they also bear receptors for xgabang C3
and in some cases Ia antiger®. The functions of monocytes
are many and varled -~

(1) Phagocytosis

(2) Antigen processing and presentation

(3) Release of biologically active products,

(4) Tumour surveillance.

(5) Angilogenesis
(6) T Lymphocyte differentiation.

In the present context, antigen recognition and subsequent
presentation are the most Important functions since they initiate
the immsno response. Antigen binding may occur through several
mechanismg which may be either specific or nonspecific. Thus it
has been observed that when antigen 1s incubated with monocytes

it tends to stick to the cell membrane. The molecular basis of
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this process 1s unknown. However, Fe¢ receptors on the
monocyte call mombrane sct in a more specific fashion and
may bind indiractly to antigen, eithor by prior attachment
of cytophilic antibody (which then binde antigen) or by
binding antigen/antibody complexes, Cytophilic antibody
bindiné to antigen 1z likely important at low concentrations
of antizen since at high conmaﬁcrations its avidity 1s
enceaded by nonspeeific biading., TTinally, monocytes can bind

complexas through thelr 03 receptors,

As previously deascribed antigen presentation by & oyngeneic
adherant cell is critical to activation of most T cell functions.
Whether the monogyte i8 invariably the cell which presents the
antigen is not known. While there is evidence to auggest that
the act of presentatlon is pasaive, In that antigen is simply
displayed on the surface of an Ia+ mnuoayte; it has also been
demonstrated that an active process requiring antigen processing

results in the creation of an inunogenic molety 101,102

« Thus

the nature of entigen presentation 1s unclear. However, Rosenthal's
guinea pig enperiuents have illustrated the key role that monocytes
play in directing the innune reaponsalgs. The way in which the
monocyte activates the T cell has not been identified, it may be

by cell~cell interaction at the time of antigen presentation,

although a lymphocyte activating factor (LAF) has been described.
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LAF potentiates the response of both B and T lymphocytes and
may act on a ¢cell which has bound antigen on a monocyte
surface.

The elegent work with YListeria monocytogenes infection
in mice by Mackanass and Blundenloa drew attention to the
eritical role played by these cells in the effector sequence.
It was deternined that Listeria jumune T lymphocytes cocultured
with macrophapes from a nonimmune donor could heighten the
in vitro bacteriocidal actions of the macrophages when Listeria
were added to the cultures. This enhancement was dependant
on T cell lymphokines, particularly macrophage activating factor,
a process which can be mimicked by adding suitsble lymphocyte

culture gupernatants to macrophage cultures.
Wull Cellas

These cells caonot he characterized as B cells, T cells
oy monoeytes and heoee arve termed null cells. It s mot kanown
whather these cells are honwgenous or whethor thoey are precursors
or unrecognizable forvms (by current techniques) of T or B cells.
Sdnca they ave found in humaﬁs with agamaeglobulinacaia and

with T cell deficlency it is likely that thoy are a diastinct cell




line. Two dmportant functions have boen ascribed to these

cells which constitute ten per cent of the human perinheral
blood lymphocyte population. (1) Antibody dependent cell
mediated cytotoxicity (ADCC) (2) latural killer (WK) activity.
In the ADCC response null cells are capable of destruction of
antibody coated nucleated target cella ~ a process independent
of that produced by complement or killer cells. (The null cell
binds antibody by its ¥e receptor) ~atural killer actlvity
vefors to the abllity of null cells to destroy targets not
sengitized by antibody. This area 1s one of significant contro~

versy and intense interest at the present time.

An appreclation of the complexity of fmrumoregulation
requires intepgration of the principle elements of the lwmune
response which have already been eluded to. Thua In & normal
inmine response evidence indicates that antigen is hound to the
surface of & wonocyte and then presented to a T lymphocyte.
Interaction requires the recognition of I region gena productse
and antigen on the eell surface of the monocyte by the syngeneic
T cell. This interaction results in T cell activation and the
release of lymphokines and helper factors. (It has been suggested
that free antigen may activate T suppressor celles ~ a process

independent of the monocyte). T helper cells and/or soluble
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foetors then act on B cells o produce antibody with

speelficity for the criginal antigen.

T suppressor cells may act by cellular interaction to
diminish thymus dependent antibody synthesis and by limiting
(in vitzro) the generation of cells responsible for cell
medinted cybotoxicity., These functions are nediated eithor
by cell~caell contact or by the production of soluble factoxs
vhich inhibit positive T cell function. T cells apponr to
Influence the class of entibedy produced and also ite «£Xlindty.
Thug clones of B colls may switeh from the production of IgM
antibody to the production of Igh or IgA antibody with the
eama specificity or, distinct subpets of T lwyophocytes mey
iateract gxclusively with precursors of cells secreting a
particular subelass of antibody e.g. Igﬁg or Igi. Furthermore,
in experiments with thymectomized irradiated wmice reconstid~
tutad with bouve marvow cells, it has been obsexrved that the
greater the number of thymocytes used in reconstitution the

greater the affinity of the antibody produeadlos.

A more extensive form of imauneregulation was engendered
in Jé:n:nesl06 network hypethaesis. Instead of a suppressor cell
or factox modulating the response, a regulatory system which

cauld operste in thae absence as well ag the presence of an
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antigen was envisioned, In Jernes hypothesis regulation

is madidated by anti-idiotype antibodies directed apsainst
unique antigenic determinants cxpreased by antibodies
specific for the inmunizing antigen. That 1s, antibodies
{or in a broadar sense suppressor cells or suppreasor
factora) are specifle for effector call receptors rather
than for antigens themselves ~ a concept vhich allows dmmuno-
pegulation to coutdnue in the gbsence of an antigen. The
potential usefulness of regulating immune responses through
intervaction with the idfotype of the receptor was accented
by Binz and Wiaaelllg7. They iniectad rats with molecules
bearing reseptors speciiic for a given set of vat MHC
antipgens which resulted in the elimination (by development
of a form of fumunity) of those lymphocytes capable of
mounting an alloreaction against cells bearing thosc MHC
antigens for which the receptors used for ivmunipation were
ppecific. These ldiotype immunized rats were oble to retain
skin grafts from rate of the MIC type for which the idiotype

bearing wolecules were specifilc.

While 1t can be expected that antigen exposure will
result in a primed state characterized by the appearance of

spacific T lymphogytes aad nemory B cells there are situations
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in which tolerance develops, l.e. a state In which there
15 diminutlon of the dwwune vesponse with a pubmequent
challen€e with the same antigen. At least four different

mechanisms may result in immune tolerauca:

1. Clonal abortion - the specific elimination
of clonea of B and T cells eaxly in thalr
developmont.

2. Clonal deletion = the removal of clones of
mature I and T cells following exposura
to tolerogenic forms of aatigen.

3. Reversible dnactivation of lymphoeytes hy
saturation of receptors with frec entigen
or antigen antibody complexes.

4 Gpeclfic inhibition by the action of primed
suppressor cella.

From the foregoing discussion it can be aeen that in
response Lo matigen challenge, o nunber of immuncreguvlatory

avents may otcurs

Le 7 cells may promote or suppress the function
of © cells ox othar T cells,

2. B colls may promote or suppress function of
T cells.

3. DMacrophages moy activate T cells and B cells
directly,

4, T colls may activate nmacrophages,

3. T suppressor cells may activate wpacrophages to
produce & nenspecific dnhdbiter of B cell function.

6. Macrophages may suppress the response of other
fomaneoeconpetent cells.
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Ix 418 apparent that the present atnte of knowlndge
is the product of several decades of research and while
substantial progress has beon made in that time, there is
new na even greater opportunity to make further advances.
New methodologices are rapldly appearing and it 4s to be
anticipated that together with the definition of addltional

subgets of B and T Iyonphocytes, the role of the pull cnll

and monoryte wlll bhae further evaluanted., ¥videnco in the

last fow yoears has suggested the exlstence of modulatoxy
loops, similary to thoase recognlzed in endocrine syotema,.
Mechandstde aspacts of this delfcate balance which maintains
the lategrity of the immone systenm and 1to responses are

the subject of this theais. In particular a series of

studies have been designed to investigate in vitro differences
vidch may exist in Innunoregulation between norwmal individuals

and patlents with rheumatoid arthritis.
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CHAPTER 2

BACKGROUND TO RESEARCH (2)

~ IMMUROPATHOGENESIS OF RHEUMATOID ARTHRITIS.

~ ILLUSTRATION OF CLINICAL CONSEQUENCE OF
RHEUMATOID ARTHRITIS.

-~ THE RESEARCH QUESTION.
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“to study the phenomena of
disease without books is to sail
an unchartered sea, while to study
books without patients is not to
50 to sea at all.”

Sir William Osler 1849-1919,
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DMUNOPATHOGENESIS OF REEUMATOID ARTHRITIS




The fumunopathogenesis of rheumatoid arthritis can

be conveniently diﬁided into three stages:

1. The initiating event which probably results
in the conveyance of an etiologic agent to the
joint. Several potential etiologilc factors -
infection, autoimmunity and genetic pradis—

position were considered In the last chapter.
2. Immunologic events perpetuating synovitis.

3. The development of pannus from inflawed synovium

resulting in Joint destruction.

In this chapter the current state of knowledge regar~
ding the immunopathogenesis of rhewwmatoid arthritis is
reviewed and the consequences briefly fllustrated. An lsmuno-
pathogenic mechanism 18 constructed following an evaluation
of observations made on individual components of the immune

response.

Immunosenetica:

As alluded to in the previous chapter studies of fmmuno-
genetic aspects of rheumatoid arthritis have revealed several
intereating facts which may relate to how gene products are
involved in the development of rheumatoid arthritis. While

no differences generally exist between rheumatoids and normals
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in ULA~A, B or C antigens, an increase of HLA pigt08»109

and a decrease of HLA DEW2 have been obaervedlﬂg. Furthermore,
a corrclation has been noted between DRW3 and high titres

of rheunntoid factor, and a questionable asgocliation between
DEWZ2 and DRW3 and adverse reactions to remittive drugs (zold
and Penicillamine). TFinally, patients with IILA B8 and

DRY3 (2 genes in linkage dysequilibrium), appear to be
particularly liable to the nephrotoxic complicatious of these

drugs.

Enumeration of Lymphocyte Populations and Subpopulations:

Lymphoecyte populations have been studied in the
peripheral blood, synovial fluld and synovial tissue of
patients with rheumatoid arthritis, surface markers proving
useful in the identification of asubpopulations of these cells.
In spite of the imprecision of present methodologies some
degree of functional purity has been observed in the defined
subsets and several important observations made. Several
authors have reported that the proportion (9”182)110,111
and shsolute numberllz of B lymphocytes in the peripheral
blood of patients with rheunatoid arthritis show no deviation

from the normal. Problems of correctly identifying cells as

B eclls or T cells were alluded to in Chapter 1. Even




accouncing for thase prablems it is evident that rheunatoids
and normals do not differ quantitatively. Studies of T lympho-

cyteallu’lll

uoing F-rosetting and anti~T cell antisera have
gshown siniiar counts in the blood of rheuwwatoids and normals.
Theye 1o no convinclag evidence of a conslatent fluctuation
of T cell levels with disoase activity. In reapact of the
non~B non~T cell populaticon of lynphocytes there hiave been
fow reporis, although nuunbers appear Lo be nnrmalll3. Thus,
® esils, T cells aud non~B non~-T cells are present in normal
numbers in patients with rheumatold arthritis. Inconsistency
regarding che_idantificaticn of T gauma lymphocytes 1s likely
due to technical factors such as immune complexes, antilympho-
cyte antibodies and rheumatoid factors, interfering with Fe
gamma receptor assays.

The T lymphocyte population in synovial fluid is
increasedlll, while the B cell proportion is decreased110’114
when referenced to peripheral blood values. Information
regarding the proportion of non~T non-3 or null cells is more
varied. The explanation for this change in B and T cell
proportions is unclear. While the high percentage of T cells
may reflect the large number of T cells present in synovium
it 48 also true that T cells are the predominant lymphocyte

115

type in other non~infectious extra vascular fluids (1lyomph,

c.8.£, ascites and pleural exudates). The scarcity of B cells
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may be due to rapid differentiation into plasma cells,
selective destruction or poor migration capability from

synovium into synovial fluid.

The lymphocyte has long been recognized as the
characteristic cell type of the rheumatoid inflammatory
infiltrate, even at times forming lymphoid follicle-like
structures. Although cell suspensions have been success—-
fully prepared from synovium, identification of composite
cell types has not been as satigfactory. While proportions
have varied using immunofliuorescent antisera, cyto—-adherence
techniques and elution and characterization procedures, a
trend has emerged indicating that the T cell 1is the predom-

inant lymphocyte (54-837%)116»%%7

116,118

while the B ecell is present
in a proportion of 1-18% (using the last mentioned
technique). There are objections to each of the three

methods. The major ocbjection to the immunofluorescent method

is that there is interference by stailning of Fec gamma receptors
in the surrounding tissue which cannot be controlled for. Fe
gamna and €3 receptors on different lymphocyte populations

and subpopulations, as well as on other types of leukocytes,
reduce the speclficity of results obtalned using cyto-adherence.

Elution methods have the disadvantage that only certain cells

are elutable and therefore the subsequent characterization
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gtudiea are conducted on only a subset of the true

eyaovial population of lymphocytes. While enumeration

studies are valuable they say nothing regarding the functional
status of composite cells. These considerations have required

the application of different methodologien,

Additional observations have indicated that cutanecus

delayad hyperxsensitivity to various antigens is impaired in

some patients with rheumatoid arthritisllg. Rheumatoid lympho-

cytes in autologous serun have been shown to perform poorly in
the mixed lymphoeyte reaction (Mhn)lza’lzl. Spontanecus cyto-
toxlecity to Chaung liver cells is incressed, while ADCC and
nitogen induced cytotoxicity are normal in periphexal blood

of patients with 3“5.122,123,124.

Lymphoeyte Function:

Saveral researchers have observed hyporesponsiveness of

rheunatold lyaphocytes to phytomitogens and to specific antigenslzs’

126”12?. In particular it has baen difficult to stimulate R.A.
lymphocytes with either aggregated IgG orx ifmmune complexes.
The mechanlsms by which this hyporesponsive state arises is
unknown. However, it has been postulated that iymphocytes are
already stimulated by an undefined antigen and so cammot be

further stimulated. 0Of interest in this respect, are the

regults of experiments conducted on synovial lymphocytes which '
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show Increasad 3i~thyoddine incorporation. The highest
ragponsg o phytomitogens oceurs in lymphoeytes with

the hlghaest lavels of spontaneous incoxporation of 3k~
thynldine, suggesting the possibility of two diatinct
subsets of lymphooytes, one incapable and one capable of
further atimulation. The probability that hyporesponsive~
ness 1z dua to extrineic factors has been dindinished by
the obrervetion that prolonged fncubation at 379C (even
overnight), or enzymatic renoval of adsorbed naterial
uaing tyypsin, neuraninidase or hyaluronidase does not
enhance reapansiv&neaalza. It appears therefore that

this functionnl deficit in vitro is dve to an intrinsic
abnornality of R.A, lymphocyies or in the way in which
they commmunicate with one another, rather than the result
of Llymphocyte coating by serum factors. Studies on the
number and function of lymphecyte subsets in theumatold
arthritis have been liunited. Work on the Con A suppressor
cell and the short lived suppressor cell indicate that
nelther are active in R.A. Enhancenent of PHA induced
lymphoeyte trangfornation by Indomethacin has recently
been uvsed as evidence for the axistence of a prostaglandin
producing supprassor cell in normal as well as rheumatold

it
aubjaacsl“). Llthough this obaervation is of interest in
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view of the important role prostaglandins play in the

130

regulation of the frmune response  , considerable work

is required to evaluate its true aignificance.
Lymphokines:

Lymphokines as proviously described are biologlcally-
active lynphocyte-derived soluble factors which play a
vital rxolo in the fwmune rvospousae., 1I£ R.A. is viewed ar
a disoxder in which tissue lesions result from the direct
participation of persistently cctivated immune cells and
their produets, then the place of lymphokines in this
sclieme requires definition. Althouph thoracic duct drain-
agalgl necessitates the repoval of £luid as well as lynphoe
cytes, the beneficial effects of this form of therspy have
been used as evidence that lymphocytes are dirvectly involved
in the rheumatoid process. Furthermore, lymphokinea have
been found in rheumatoid synovial fluid and cell superpa-

:antalaz, and when injected into rabbit joints have produced

chronie synovitislgS. Lymphokines in varjous situations
have been ghown to produce cell migration inhlbition,
mitogenesis, monocyte and osteoclast activation, cell cyto-
toxicity and vascular changes. While the extent to which
iymphokines contribute to the Immumopathology of rhoumatold
arthritis is speculative, there is reasonable evidence to

support their presenca in the rheumatoid inflammatory process

and the importance of their bioclogical activity.




Rheumatold Factors:

Rheumatoid factor (R.F.) 1s an antibody directed
against the ¥c region of IgG. While this 1s usually an
Igi antibody, other classes have been recognized. Even
IgM RF 1s not a homogenous entity, several fractions with
separate antibody specificities being racognizedlaé.

The mechanisnm by which self tolerance to IgG is lost in
R.A. is not known, although there are several postulates.
There may be direct stimulation of non tolerant B cells
or loss of suppressor cell activity. Polyclonal B cell
activation may result in the activation of auto antibody
classes or alternatively immunogenic determinants on
conplexed, fragmented or altered monomeric IgG may be
exposed. One area that has been of significant interest
is the possibility that rheumatoid £actor is the product
of an immune responge against an antigenic determinant
which crossreacts with IgGlBS’lsﬁ. Although no antigen
has been defined it has been observed that purified IgM
rheunatoid factor will react with the nucleosomes of
nornal cells, a phenomenon requiring the presence of DNA
and core histone. This cross reactivity has not been
noted by several researchers and may relate to the inhibi-

tory effect that excessive quantities of IgG have on this

"anti-nucleax" activity of R.F. Therefore it is possible
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that the aetiologic event results in the generation

of an intracellular antipen to which an antibody (IghM)
response is mounted. Then because of crossreactivity

the antibody reacts with the Fe regilon of IgG. Since

the antigen is not irradicated and IgG is in constant supply,

the fmmune response ig perpetuated.

Tonune Complaxes:

Studies of immune complexes present in rheumatodd
synovial fluids have demonstrated that a large proportion
contain anti~IpG antibodies, particularly of 1gG claaal37’138.
Howevey, rheumatoid factors have been demonstrated in the
aynovial fluids of patients with several non-rheumatoid
chronic inflammatory disease stetes. It is possible that
differences in clinical manifeatation are due to sone
characteristic of the rheumatoid factor such as asite of
production, immunoglobulin subclass, the antigenic deter~
minants concerned, antibody specificities and various
other blological properties. Evidence suggests that most
individuals have the capacity to produce anti IgG anti-
bodies following immunization by IgG-containing immune
complexes, or by naturally occurring polyclonal B cell
activators. The structural similarity of anti IgG from

unrelated individuals has suggpested a genetic influence on
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anti~XgG productionlag. Anti IgG antibodies have two

important properties. TFirstly, they react with an antigen
present in Qerum (IgG) and secondly, the auto antigens
reside on the antibody molecule itself. The observation
that most IgG in rheumatoid synovium 1s produced in situ140
can be related to the finding of IgG anti™IpG complexes,
the formation of which are likely facilitated by the
presence of high local concentrations of auto antibody and
low congentrations of noymal IgG. YPurthermore, some IgG

anti~IgGs preferentially self aasuciatela

1 forming IpG
anti~igG ~ IgG antld IgG complexes. The generation of

inmune conplexes is of more than just casual concern since
it 18 the antil IgG containing complexes which can activate
conplement: and initlate the sequence which ultimately leads
to joint damape., Further evidence for the pathogenetic
importance of anti IgG comes from the observation that IgC-
antl IgC complexes can cause mesenteric arte¥itis in rat3142
and also are found in arteric lesions in patients with
fheumatnid arthritis., Furthermore, patients with severe
disease tend te have higher titres of rheumatoid factors in
their blood and show evidence of complement conaumptionlé3.
One final point to be made regarding rheumatold factor is
that while it hes been incriminated in the pathopenesis of

rheunatold arthritis, protective effects for the presence




- 78 -

of rheumatoid factor have been shown in other settings.
R.A. anti~IgG can attentuate serum sicknesalhé, reduce
complement mediated cell 1y513145 or cell mediated cyto-
toxicityléﬁ, or inhibit heterologous anti-human IgG
antibody production147. How these in vitro observations

relate to the immunologic events which produce this

clinical entity is speculative.

Auto antibody production in rheumatold arthxritis dis
not confined to rheumatold factoxr. Several auto-antibodies
of different classes to collagen of varying types have been
detected Iin R.A. synovial fluld and to a lesser extent in
serumlas’lag. The finding of these antibodies is not
peculiar to R.A., belng found in S.L.E.,, P.S.5., psoriatic
arthritis and several other arthropathies., It is unlikely
that these auto antibodies initiate the synovitis but more
likely that they arise as a result of stimulation of immuno-
competent cells by antigens derived from breakdown products
of autologous denatured collagen. Ip this respect they
play a role in perpetuating the synovitis which was initiated

by a different antigen. Antinuclear antibodies are found

in a high percentage of patients with rheumatoild arthritis.

Immune complexes have been studied in synovial membrane
and fluid, collagenous tissues as well as in blood. Although

complexes are detectable in the circulation they are more




- 79 -

readily apprecilable in extravamcular aress, and in
particular within joints, Identification of complexes
has been achioved by & number of different methods (Clq
binding, precipitation with polyclonal IgM~RF, radial
diffusion etec.). lowever, the specificities of IgC
rheunatold factors have still not been fully invaestigated,
and the mechanism whereby aynthesis of rheumatoid factor
in perpetuated not evaluated. Evidence suggests that a
local ipnune vesponse occurs in rheumatold synowvial
nenbrane, either because of the presence of self replie-
ating foreign antigens (e.g. virus) or of auto antigens
responsible for the maintenance of a local autonomous
antibody response, resulting in the formation of various
types of immune compleses, mainly IgG anti-XgG but also

including IgH complexes and self associating anti~-IgG.

From elegant studles conducted in rabbits, Jasin has
observed the deposition of fmmune complexes in collagenous
tissues. FEarly experimantelso indicated that local anti-~
body production continued for two months after the intra
articular injection of moluble antigen and moreover, the
majority of the antigen wams sequested, not within the
aynovial mewbrane but rather in avascular collagenous
structures such as articular cartilage, menisci and tendons,

where it was irreversibly trapped. Furthermore, the aatigen




was complexed with complement and IgG, complexes bheing

most frequent in the superficial area of tissues close

to the articular surface. These findings have subseq~
uently been confirmed by an independent group of worker3151.
A search for immune-complexes In rheumatoid collagen

has revealed their presence in 927 of patients with

clagslcal diseasalbz. However, coumplexes have also been

found 1In other Inflammatoyy and non—-inflammatory joints,:
although less frequently. Using different techniques,

the presence of complexes in rheumatoid collagenous
tissues has been confirﬁedlss’lsa. Thege trapped immune
complexes have been shown to be capable of generating
mediators of acute inflammation when incubated with
complementlss’lss. The presence of an inaccessible antigen
trapped in an inmune complex has major implications in the
possible pathogenesis of rheumatoid arthritis. Frustrated
phagocytosis will result in the continuous release of
nediators of inflammation in a nonspeecific manner, while
the continued presence of antigen may lead to the accummu~
lation of sensitized lymphocytes. Finally, the presence
of acute inflammatory cells within damaged collagenous

joint tissues may result ian the release of factors which

are chemotactic for other cells and possibly, for pannus.
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There is also evidence of a pathogenetic role for immune
complexes in the development of rheumatold vasculitis

157

where they have baen found in dermal. vessels and the

74
vaga nervorum of vasculitic 1esionalaa.

Tumune comnslexes have heen demonstrated in the
circulation of some patients with rheumatold arthritialsg’lﬁo
and it lo deposition of these complexeslﬁs which 18 thought
to account for some of the extra~articular features of the
disease a.ge aodulos, nall fold hacmorrhages, peripheral
neuropathy, shkin necrosis, eplseleritis and luag lesions.
There ave soveral nethods of lwmune complen detection, each
recopnizing comploxes with different physical and innuno~
chemlcal composltion. While difforent cowplexes sy be
deptacted Dy cach method it is possible that different methods
at loost In part ddentdfy diiferent facats of the sane
compleses, while also falling to detect other complexes
pinllar 4n other raspeets. The relotionship between eireu~

lating dvmune coaplexes and disease geverlity, activity and

prognoagds continues to be evaluated.

Conplewent Activation:

The classical and alternate pathways of actiwvation of
complement and the control proteins C1 INKH, C3ILINA and BIN
have been studled in rheumatoid synovial fluld and peripheral

blood. Apart from asccasfonal episodes of hypocomplementemia
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during discase exacerbation, the total hemolytic complenent

(quﬂ) of theuwatold perfipharal blood is usually normal or

2]
ﬁlavatadlﬁl’lé“. This 18 In coutrast Lo the devreased

cowplement activity (counpsred with osteoarthritic joints)
noted in aynovial fluld of sexvopositive rheumatoiéalﬁg,

towaver, the defianition of a normal vange for svnovial Lluid

cempiloment hes been unsatlsfactory. Studies have indicated

& hypercatabolien of ca. G4 and factor ¥ indicating clasaical
but also slternate pathway activationiéa"lés. Irmune complex
induced activation of the classical pathway way represent

the main and early pathogenoctic avent with secondary acti-
vatdon of the alternate pathway. The control proteins G3bINA
and RPIH have heen reoported as being depressed in the synovial
fluid of geropositive rheumatoids, while only C3bINA 1s depressed
in geronegative. In contrast, in rheunatoid serum (in associa-
ation with normal cnso lavels) supranormal levels of C3bINA
and DIH suggest that excesslve systemic complement activation

is prevented by circulating control proteinaluﬁ.



Phagocytic Cells.

Inmunohistochenical studies have revealed the presence
of ifmmunoglobulin and complement inside phagocytic cells, within
synovial membrane and in the synovial fluidl40. Since mono-~
cyteslﬁ7 and polymorphonuclear leucocytes (PMN) are common in
rheumatoid synovial fluid,ﬁheir role in enzyme mediated joint

damage vequires considerationlﬁa. Studies on PMi's in R.A.

have usually demonstrated decreased adhercncelﬁg, chemotaxisuD
and phagocytoais”1 in vitro. Not all studies have been
conducted on drug free patients and therefore it has been
questioned whether in some cases defective PMN function is a
consequence of treatment rather than disease. Two possibilities
have been railsed to account for this functional deficiency,

(a) the prior ingestion of {mmune complexes and (b) C3b

receptor blockade on the gurface of the PMN., At least in
aynovial fluld the latter hypothesis is favoured. Whiie certain
functional defécts have been shown, PMN3 are nevertheless
capable of releasing enzymes such as liposomal proteases,
elagtase, collegenase, cathepsin &, cathepsin D and superoxide
radicals, all of which are able to inflict tissue injury172.

In spite of in vitro studies demonstrating hypofunction, the
observation of phagocytosed material in PMHe shows that phago-
cytosis can be achieved in vivo. Research into the functional

capabilities of rheumatoid monocytes promises to provide

valuable information about this cell which 1s not only an
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immunocompetent regulator but also an effector cell capable
of phagocytosis, and the release of enzymes some of which

can degrade articular cartilage.

Pertinent to the present discussion are obsexvations
regarding elements within the joint capsule which may result
in the observable pathologic endpoints of proliferation and
destruction, Fibrin is extensively deposited in rheumatoid
joints being found free in synoviel fluid, on synovial pannus
and cartilage, as well as within phagosomes. While fibrin
deposition occurs in other inflammatory arthritides it is
persistent in rheumatoid arthritis. Peraistence appears to
be due to continued overproduction of fibrin, rather than
inhibition of fibrivolyasis. The stimulation for this over-
production moey be activation of the coagulation process by
immune complexes or lymphocytes. A pathogenetic role for
£ibrin has been suggested, siwilar to that postulated for the
Masugl nephritis modellys. By analogy in rheumatoid arthritis
fibyrin may result directly or indirectly in paonus formation,
fibrous thickening of the synovium, swelling and proliferation
of synovial lining cells and vascular endothelium, induration
of the synovium, emigration and degeneration of PMNm, PMN

mediated cartilage destruction and lymphoedema causing synovial




swalliog and jolat etfusion173“176. It is evident that

further research 1s required to define the problem as It

exinte in rheswmatold arthritis.

Sysovium.

Rheumatoid synovium has several characteristics. It is
a maltilayer structure easily distinguishable from normal
synoviun, in which there is a proliferation of small blood
vessels and collagen, together with a heavy infiltrate of
plasma cells and lymphocytes. The invasive nature of pannus

has been demonstrated in rheumatoid synovial explantsl77.

Furthermore, inflamed synovium can itself produce collagenaael78.
The intracellular regulator of collagenase production is
unknown although ?-macroglobulin is one of its extracellular

inhibitors.

The destruction of cartilage appears to he the consequence
of primary depradation of proteoglycsn by proteinases, followed
by breakdown of exposed collagea hy collagenaaesl79. Protelnases
arise from three sources: synovial fluid cells, the synovium
and chondrocytes, Proteinasc released from PMNs has heen the
most extensively studied. Elastase and cathepsin G are contained
in the azurophilic pranules of the PMY. thether release is due

to activation on attempted phagocytosis (regurgitation during

feeding and frustrated phagocytosis) or due to the death of
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many PMNs entering the joint and dying, is8 not known. These
sevine proteinases readily hydrolyse proteoglycan and may

degrade insoluble collagenlaﬂ. Knowledge regarding synovial
and chondrocyte proteinases is much more limited. Although

both have been shown capable of producing proteinases, their

quality and functional activity are unknown.

Prosteslanding and Superoxide Radicals.

Two relatively new areas of intense interest are thosoe

182.' Prosta-~

of proataglandinlgl and superoxide radicsl releasa
glonding have been shown to have profound in vitro effects on
the inflommatory responge, bui several studics have heen
eritisized on the basis of using supraphysiologleal dosea of
theon compounda. Furthermorae, differant classos of prosta-
slandius ond/or different concentrations appear to produce
difforing reaponges, Of interest vhon considering R.A.
synovitis are the obaervations that PGEl injested intra—
articularly into rabhit joints couses cartilage destructionlag,
while prostaglandin synthetnse Ainhibitors are capable of
roducing boue resorption by R.A, synovium in the mouse calvarium
assay systemlaé, While this suggests a role for prostaglandins

in bone resorption, it ia neverthoeless indirvect evidence. The

piresently held view by wmany rtheumatologists that nonsteroidal
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anti~inflammatory drugs often fall to prevent progression

of bone and cartilage changes suggests that direct comparison
cannot be drawn between the animal model and humans. Since
prostaglandins are ubiquitous and thelr effects on the
inflammatory response so varied, significant advances can be
anticipated in this area of reaearch.- The destructive
capability of free oxygen radicals released from phagocytic
cells provides dnsight into another wode of tissue Iinjury.
Phagocytes are capable of generating a number of active
molecules by the partial reduction of oxygen. Oxygen 1s
initially reduced to guperoxide (02") by a membrane
assoclated flavoprotein that is dormant in the resting cell
but is activated when a cell encounters an appropriate’
stimulus, The reducing agent for this reactlon is NADPH.

A large part of the 02- produced is converted to H,0, in a

272
subsequent dismutation reaction. Much of the H,0, is

272
delivered into phagosomes or into the surrvounding mediun,
a portion diffusing into the cytoplasm where it is detoxified
by the glutathione-peroxidase-~glutathlione-reductase systen,
The 02" forming reactlion and glutathione reductase hoth
generate NADP+ in the course of thelr activity; thus Nﬁﬁﬁk
iz converted back to NADPH by the hexose monophosphate shunt.

02 ’ HZOZ and other oxygen derivatives are considered part
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of the antimicrobilal system of phagocytes but alss thought
capable of dnflicting injury on host tissuen. Thus superoxide
radicale ave belleved to play at least some part in the

pathopenesis of rheumatoid axthritis,

Pogstulated mechonine of tisgsue iniurvy.

Having veviewed present knowledge regarding components
of the iumme vesponse in R.A. it 19 convenlent to atteupt
to inteprate 1t into g conntruct vhich wmey approximate cvents
oecurzing within joints of patients with the disease. It
can be conceptualized that an antigen (possibly & virus) gains
acceso to the joint 4n o susceptible host by failure of the
povmal noechavisng of inmune surveillance. Onee dn the joint
the sntigen becomes distributed in synoviun and cartilage and
1% a viras,nelf-rveplicates. An fmmune response is moupted by
monocytes processing the antigen and presenting 4t to T cells,
which In turn activate B ¢cells, Transformation into plasma
cells occurs and antibody lg produced., Lymphokine rvalease
from actlvated lymphonytes aupments the inflomratory vesponse.
Becauae of crongervonctivity., the antibodies produced have
thounntoid factor activity, Iwmune complexes of several
different types are formed and complenent I8 activated,
resulting du vascular ehanges and the accummulation of poly-
morphonuclear leukoeytes. These, togethar wilth activated

macrophages attempt to phagocytose the complexes. Some are
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engulfed. In any event collagenases, elastases, cathepsine D
and G, prostaglandins, superoxide radicals and several other
blologleally active agents are released by a combination of
reverse endoeytosis, frustrated phagoeytoals and cell death.
These suhatances produce depradation of protcoglycan and
collagen which iIn turm results in the production of anti-
bodies directed ageinat eollagen fragments. Fibrin and other
active compounds enhance vascularlty, synovial hypexplasia,
pannua formation and the production of joint offusions.
Parhaps hecause the foreign antigen complexes ara sequested
or becausg antigen self replicates, or hacause antibodies
arise against zelf satigen (immunogiobulins) or Lecause there
is a fatllure of imnmunoregulation, imflavmation 13 perpetuated.
As & resul: pannus 18 formed which invades the paripheral

articular cartilage causing prograssive joint destruction.

fron the foregoing dilscusslon it ie avideat,that while
a plauvsible soquence of eventa to account for several observa-
tiong can ba comstructed, there remain wany areas in which
knowlaedge of the exact process 1s incomplekbe., It 1s particul-
arly difficult to dissect avents of primary lumunopatho-~
genatice fwportance from those which cecur as a consequence of
an established fmmune response, furthermore, it is not cleax
which, 4f any, of the aevents 13 of greatest iwportance,
i.e. B cell hyperactivity, T cell infiltration, fibrin

deponpition, complement congumption, lumne complex formation,




octivity of phagocytic celis otec. Nevertheless, tha
congtruct described is the most likely sequence of evenis

in the light of curxvent knowledge.
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Since the next chapter describes the development of
experimental methods and their standardisatilon in patients
with rheunatoid arcthritis and noxwal subjects, it is
neceasary to define those features Ly which the discase is
identificd. In the classical case the condition is unwls-
takable., There exists in a patient, normally female, a
widespread, predouminsatly peripheral, symmeirical poly-~
agrthritis with prolouged and distressing early morning
stiffness, subcutansous nodules, erosive joint changes on
x~ray, elevated erythrocyte sedimentaricn rate and other
laborvatory evidence of chronic inflammation; positive tests
for 'rheumatodld factor” in the blood and characteristic
(but not unigue) histological appearances in the synovium
and subcutaneous nodules. Howaver, many cases exist with
incomplete or atypical features, as well ag other non-
rheunatodd arthropathiles miwicking the dlsease, Although
diagnoatic criteria are not ideal the Awmerican Bheumation
Association185 has drawn up inclugion (Table I) and axciuaion
(Table 1X) criteria for the diagnogis of the disease, No
one of the cleven criteria can completely define the digeass,
it being necessary to recognise the preseance of several
eriteria 4n combination to identify the disease. The
probability of an individual having theumatold arthritis

varies with the nuwber of erxiceria present (Table 3), The
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TARLE 1.

1.
2.

3.

G

7.

8.

9.

10.

11,

American Rheumatism Association

Diagnestic Criteria for Rheumatoid Axthritis,

Horning Stiffness.

Pain on movement of tendernass in at least one
joint (observed by a physician).

Swalling due to soft tissue or fluid in at least
one joint (ohserved by a physician).

Swalling of at leaat one other joint within
three months,

Symmetrical joint swelling with the same joints
affected on hoth sides of the body at the mame
time .

Subcutaneous nodulea over hony prominences on
extensor surfaces.

X-ray changes typical of rheumatoid arthritis,

Positive agglutination test (i.e. demonstration
of rheumatoid factor by any method which in two
laboratories has been positive in not more than
5 per cent of normal controls.

A poor mucin precipitate from synovial fluid
with shreds and a cloudy sclution,

Characteristic histological changes in synovial
memnbrane: villous hypertrophy; proliferation
of synovial cella; chronic inflammatory
infiltrate with a tendency to form lymphoid
nodules; deposition of compact fibrin and foct
of cell necrosis.

Characteristic histological changes in nodules;
i.e. granulomatous foci with central zones of
necrosis and peripheral fibrosis and chronic
inflammatory cell infiltrate.
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TABLE XI.

1.
2.
3.
4.
5.
6.

7.
8.
9.

10.

11.
12.

13.

14,
15.
16.

17.
13.
19.

20.

Exclusions from classification of rheumatoid arthritis.

A typical rash of systemlc lupus erythematosus.
High concentrations of L.E. cells.
Histological evidence of periarteritis nodosa,
Dexrmatomyositis or muscle weakness.

Definite scleroderma.

A characteristic clinlcal picture of acute
rheunatic fever,

A characteristic clinical plcture of gouty arthritis.
Tophi.

A characteristic clinical picture of acute
infective arthritis.

Histological or bacteriological eWidence of
Joint tuberculosis,

A characteristic clinical picture of Reiter's syndrome.

A characteristic clinical picture of the shoulder
hand syndrome.

A characteristic clinical picture of hypertrophic
pulmonary osteoarthropathy.

A clinical picture characteristic of neuro-arthropathy.
Homogentisic acid Iin the urine.

Histological evlidence of sarcoid or a positive
Kveim test.

Multiple myeloma.
Charactexistic skin lesions of erythema nodosum.
Leukaemia or lymphoma.

Agammaglobulinaemia.
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TABLE IX3. CHARACTERISATION BY DIAGNOSTIC CRITERIA.
Categories Humber of Criteria Minimum Duration of

Required

Continuous Symptoms

Clanapgic Rhaumatoid
Arthritis

Definite Rheunatoid
Arthritins

Probable Rheunatoid
Arthritis

7 of 11

5 of 11

3 0of 11

6 wecks (1-5)

6 weeks (1-5)

6 waeks {one of numbers
1-5)




diagaocsia of ciassical rheuratoid arthriiils requirxes the
presence of 7 or more criteria and yepresents the highest
probahility of the presence of the disease. Definite (3),
Probable (3) and Posaible (2) represent progreassively lower
probabilities. Tn tha studies to he described only patients
with classic or definite rheumatoid arthritis have been
galected. This enlaction reprosents 2 coumpromice between

2 nead toe be certain of the diasgnosis and reluctance to
study only a subset of the disense., Nevertheless the ARA
criteria are the cerrent “gold atandard” of dispnosls and
are used asg entry cexiteria for the mejority of studies

reported ia the llterature.

iz Willlem Osler's (figure %) often quoted statement
(aoted st the begluaing of this chapter), illustrateas the
importence of diacased individuals in focusing educational
end research sctivities. The ubiquity and relative frequency
of vheumatold avtbritis previously cluded te, in themselves
Justify 2 nscessity independent from intallectusl curiosity
for studying the discase rhoumatold arthritis. While the
diseace complately cripples or completely vemits in < 10% of
affected Individuals, 1u the mejority it follows a persistent
relapalng and remitiing ccursce showlang a tepdency to progres-
slon. The clinical features of the diseass have been

thoroughly studied, are described in standaxd texts and are



FIGURE 9 - SIR WILLIAM OSLKR (1849-19109)
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not the principle focum of this thesiso, Although infrequent

the deforming arthropathy {(Figure 10), necrotising scleritis
(Figuza 11) and dipital gangrene (Figure 12) serve to illustrate
some of the wmost severe clinieal consequences and the systemic

nature of this common disorder.

The cont: of providing health core fov patients with
avthritis and the cost in tecms of leost productivity as a
conzaquoence of restricted activity has been cousiderablelﬁﬁ’ 18?.
These conts continuad to inerease on an annual hasls and thus
provide a2 significant atimulus o define ways in wideh the
discane and lts conscauences wmay be reduced, and sufferers of
tha discoae vetvraed to full or part-time employment through
rescarch activities divected at comprelhiending the mature of the

diaease and development of new and more effective mothods of

tragtment.
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FIGURE 11 - RHEUMAIOID VASCULITIS FRODPCniG
DIGITAL GAMGinE IN A MIDDLE AGED MALE,
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THE RESEARCH QUESTION
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Following this literature review it was apparent that
while iwmunoresponsiveness in rheumatoid arthritis had
received considerable attention, there was a paucity of
information regarding regulation of the observed responses.
Turthermore several available methodologies had not been
applied in patients with this disease and promised to
pro#ide valuable information possibly of aetiologic and/orx
pathogenetic importance. Therefore the following research

question was formulated:

"Since the manifestations of rheumatoid arthritis
result from chronic activation of the fimmune response, can
a defect in immunorepgulation be identified in vitro with
available methodologles, and if present what is the nature

of auch a defect."

In view of the sayastenic characteristics of rheumatodd
arthritis and the clrculation of lwmunocompetent cells
between intra and extra-vascular areag, the peripheral blood
provided a convenient site of sampling to obtain mononuclear
cell populations for in vitro studies. A series of controlled
gtudies was planned to examine both quantitative and quali-
tative aspects of ilmmunoregulation (Figure 13). Studies 1~5
described in Chapter 3 are pilot studies directed at
standavrdising the adopted system, The effects of radiation

(Study 6) on immunoglobulin synthesis by B lyuphocytes
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and phvsical removal (Study 7) of subpopulations of

T lymphoeytes arve cexamined in Chapters & and 5 respectively.
The enumeration of Ty cells (Study 7), monocytes (Study 8),

1a’ T colls (Study 9) and oxr&*]oxms* T celln (Study 10)

1s described in Chapters 5, 6, 7, and &, cChapter 9 describes
the results of experiments using both autologous and allogenedc
culture systems (Study 11), while in Chaptexr 10 the effects

of agoluble helper factor in rheumatoid and normal cultures

are compared (Study 12). In the final study (Study 13),
described in Chapter 11, comparison is made between cultures

containing different ratioa of B and T lymphocytes.




FIGURE 13 - STUDY DESIGN.

8.

1.

2.

6o

7.

MONOCYTE

CULTURE DURATION/PFC RESPONMSE (1)

CULTURE DURATION/PFC RESPONSE (11)

P DOSE/RESPONSE

¥CS COMPARISON

RADIATION DOSL/RESPONSH

PFC REGPONSE AND

RADXATION LNHANCEMENT

Ty ENUMERATION AND DEPLETION ENHANCEMENT

EHULERATIOﬂ

o
9. Ia T CFLL ENUMERATION

10.

l

OK14, OKI5 ENUMERATION

(EMUMERATION STUDIES)

1l. PFC RESPONSES IN AUTO-
LOGOUS AND ALLOGENEILC
CULTURES

12, P¥FC RESPONSES TO SOLUBLE
HELPER FACTORS

13. P¥C RESPONSES AT VARYING
T:B RATIOS

(¥YUNCTIONAL STUDIES)
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CHAPTER 3

DEVELOPMENT OF A STANDARDISED SYSTEM
- BACKGROUND TO STUDY METHODS

~ STANDARDISATION EXPERIMENTS
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Ymeasure what is measurable
and what {2 not maagurable
make measurable'.

Lord Kelvin 1824-1907




1

3

i
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BACKGROUND TO STUDY METHODS

Separation of wononuclear cells,
Separation of subsets of lymphocytes.
Measurement of lymphocyte activation.
Polyclonal B cell activators (PBA).
Manipulation of subpopulations.

Plaque assays.
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In the first peart of this chapter the literasture
partaining to methods usad in studles 1-5 will be roviewed,
pince Lt was necessary o select and nwdify techmliquoes frem
several different labovatories in owder to produce the f£inal
study deslgn. In the second part studles 1-5 are described,
and che optimal conditions fox subsequent experimente defined,
The method finally selected involved cepavating wononuclaar
cells (Lymphocytes and monocytes) from £resh heparanized blood,
cbiaining preparvations of B and T Lywphoeytes Lrom the resulting
call fraction, culturing cells and introducing thewm inte an
indicator systom that measured imaunoglobulin syuthesis. By
mandpulating eubpopulations of lyuphocytes the effect 6f T helper

and ¥ suppresscr celly on the B cell response could he observed.

Separation of mononuclear cella:

Yollowing vecopnivion that the lymphoeyte wasz o potentially
Lomunceconpatent cell, attempts at study werve hindeved by lack
of an adequate method to obtain pure lymphoeytes fyxon whole bilood.
Albumin density gradients, gelatin sedimentation, wagnetic
techulques relying on the phagoecytonis of iron particles by
sranuloevtes and monocytes, and adhesion of pranulocyies and

wonweykes o glass wool or glase beads vere gome of the eaviier
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methods used., ?ichteliualag was probably the f£irst to use

cotton wool f£iltration -~ a technique which Lamvik;sg

refined.
The procedure had three stages. (1) Sedimentation of erythro-
eytes with Dextran. (2) Removal of platelets from plasma by
low speed ceantrifugation and (3) Sepavation of granulocytes

on cotton wool columns, With thia method separation was
conplete although 107 of the calls were damaged and the yield
vas variable. This method wag utilized in several laboratories

prior to the developuent of movre sophisticatad centrifugation

techniques.

When fresh heparanized blood is centrifuged in at least a
ilg gravity field, the cellular content sediments out as dictated
by the physical propertiey (density) of dififering cell components.
Red cells and granulocytes, then lymphocytes and platelets are
packed into distinct layers at the bottom of the tube, the plasma
lying above. If a substance, with a density intermediate between
any twe layers is present under the whole blood layer prior to
centrifugation, particles with a greater density will pass through
while those with a lesser density will not. It can be seen that
the density of this intermediate substance 4s critical for

190

effective sepsration. In a detailed study, Boyum evaluated a

separation technique with Isopaque~Ficoll (density 1.077) as the
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internediate. He pade several obhservations. (1) The yield

of mononuclear cells was almost one hundred per cent when
bleod was diluted with saline prior to ceutrifugation over
Tp-Fieoll. {Agsregates of granulocytesia undiluted blood
pullad down some lymphocytes and decreased the yield).

(2) ileparanization at 10 I.U/ul of Dlood was adequate,

{3) Some nixing and dliffusion at the fanterface between plasma
and Ip~Ficoll occurred and mononuclear colls often sedimsnted
a few millimetres down into the Tp~Picoll miuture. (4) Plate-
lets sedimented with mononuclear cells and did not penctrate
the Ip~Ticoll, (5) Commtrifuge temporature poasibly by
affecting Ip-Filcoll viscoeity altersd the efficieney of aepar-
ation and che yield of lymphocytas. {(6) Ip~Flcoll density
greater than L.077 cnsured a high ydeld of mononuclear cells,
while low denaity paradoxically inereased the RBC contamina-
tion poasibly by reducing Ficoll induced cell clumping at the
intorface. (7) In a comparison of antfcoagulents Heparin
gave a higher lymphoeyte yield than EDTA, although REC contam-
ination was higher, (8) When Ip-Ficoll osmolarity was increased
lymphocytes tended to sediment with RBC's and grapulocytes,
leaving a monocyte enriched layer above the Ip~Ficoll - an

obgervation which could not be used successfully te obtain a
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a pure monocyte preparation. (9) Viability of the resulting
cell populations was evaluated using several methods (Trypan
blue staining, incubation with L.E. serum, phagocytosis of

L.E. bodies by granulocytes and phagocytosis of black and
yellow ink particles). Mononuclear cell viability was greater
than 99% indicating that this method of separation did not

have a detrimental effect on cell viability. (10) When the
systen was standardized for centrifugal force, temperature,
dilution of blood and for properties of Ip~Ficoll the results
were not apprecilably affected bg change in the volume of ceil
suspension or tube diameter., (11) With this method the mono-~
nuclear cell fraction contained leass than 0.2% granulocytes

and less than 104 erythrocytea, Four years later Jondal et allgl
reported thelr experience with ¥Ficoll-Isopague gradients but
chose 4°C as the centrifuge temperature of chodce and did not
dilute blood prior to overlaying. In 12 normal subjects they
recovered relatively pure (less than 5% contanmination with
granulocytes ond monocytes) preparations of Lymphocytes,
52-817 of which were idontified by rosetting as T cells. Their
cell yield per ml of blood was not defined by the resultant
population of cells were described aa healthy and little

clunping wan ohserved.
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From these experluents 1t was evident that the necsasery

waethodology existad to obtalv relatively pure propavations

of wviable lymphocytes from whole blood. The technique of

Jondal ot allgl

wvas zdopted after prelirinary studies in
London indicated a high yield of viable {greatexr than 929%)

iymphoeytas with minimal contamiuation.

Sepurvation of subsets of lywmphocytes,

In order to gstudy interactions occurring between subseta
of immunocompetent cells it was necessary to obtain relatively
pure preparations of B and T lymphocytes whose viability and
surface characteristica hiad not been knowingly alteved.
Eisealgg described a nylon wool method of isolating pure (greater
than 992) T cells from human peripheral blood, while Greavealgg
obtained purified preparations of B and T iymphocytes from toneil
cell sguspensions. Triziolgé evaluated the efficacy of this
aysten using mouse spleen cells, introduced the concept of

detaching adherent cells from the column by mechanical aglta-

tion and determined the functional capability of derived popul-

atlons 1n a murine model., All these separation methods rely
on the physical property of B lymphocytes (and monocytes) to
adhexe to nylon fibres in the column, while T lymphocytes form

no such adherance and are easily washed off. B cells (and
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monocytea) on the other hand require to he mechanically
eluted by a combination of agitation of the nylon weol and
fluid flow, a process which does not traumatize the cells

193

or alter their viability. Werner et al described a method

using 5 ml syringes packed with 0.5 grams of nylon wool, which
could separate up to 1001:106 lymphocytes. Their technique
involved three incubations. (1) Prior to loading lymphocytes
on to the primed columm. (2) Post loading. (3) Poet elution
of T cells. They used phoaphate buffered saline and/or AB
gerun to prime and run the column., With this method the yield
wag approximately 50X of the flltered load. (B cell yleld

30% of original B load, T cell wield 60% of original T load,)
50-80% of the adherent fraction had surface immuncglobulin

as identified by anti~Igz (immunofluorescence), while the
average B cell contamination of the nonadherent T cell prepar;
ation was 3,64, Cell viability was assessed by Trypan blue
staining was approximately 95%. This method has the advantage
of simplicity, does not expose cells to any antigens, enzymes
or antisera and does not compromise cell viability to a signi~
ficant extent, With some modification of the type of column
and serum used, and of the incubation procedure this method-
ology was applied In the sapatatién of lymphocyte populations

obtained by Iicoll~Hypaque centrifugation in the studies to be

described later.
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Heasurenent of Lymphocyte Activation:

Having obtained preparations of T and B lymphocytes 1t
is necessary to review how the activation or suppression of
B cells may be induced, and how this response may be measured.

Three distinct levels of B cell maturation may be considered.

(1) Precursor B cells -~ cells which will eventually
differentiate into mature B cells but early on
are devoid of gurface Ig, although they contain

IgM in thelr eytoplasm}gﬁ.

(2) Resting B cells ~ small diameter lymphocytes
haviang Ig on their surface, capable of synthesizing
I molecules and displaying them as antigen binding

receptors on the plasnma membranelg7.

(3) Activated B cells ~ large lymphoblastas or plasma
cells that develop after activation of (2).
Increased protein synthesis indicated electron-
microscoplcally by well developed rough endoplasmic
reticulum, polyribosomes and Golgl apparatus leading
to the production and transport of large quantities

of immunoglobulinlgs.
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It is the activation of resting B lymphocytes which
has recelved most attention in the last few years. Activation

may result in end points (cell division, Ig synthesis or bothlgg’

200’201) which ca2n be measured by saveral available techniques.
It has been noted that proliferation does not necessarily
result in increased Iz synthesis, and conversely that immuno~
globulin synthesis is not always preceded by cell divisionZOI.
The incorporation of Sﬁ—thymiéiue into DNA has been widely used

as a measure of cell proliferation.

Inmunoglobhulin syntheais may be neasured in one of three

ways?

(1) Inumeration of Xg secreting cells,
(2) Immunochenical measurement of secreted Ig.

(3) Asspays for antigen specific antibody.

(1) Hnumeration of Ig secreting cells ~ Inmunofluorescent
staining has been the moat widely used methed of lntracytoplaamic
measurenent of the number of differentiated B celis. It has a

high specificity and snnsitivityzoz’ 203

and can be perfommed
with relative ease, The reverse hemolytic plague assay (RHPA)
which will be described in detaill later, while bhelng technically
more difficult and expensive in time and reagents, is also very
sensitive and falls into this category. Finally, electron-

microscopy has been used (as already noted) as an Iindicator of

B cell activation. These tests measure the number of activated
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B cells and not the rate or total amount of immunoglobulin

produced.

(2} TIsmunechemicel measurement of secreted Immuno-
globulin - These assays have been developed to messurvre Ig
which hao heen secreted. They are of two types:

{a) Using a competitive radio-immuno-aspay,

1g secreted during the course of culturing
is messured (at the end of the culture
partad)gﬂa. These assays are sensitive but
uge significant amounts of radio-isotope,
require frequent calibration and significant

levels of polyclonal B cell activationzoS’QOG.

(b) 1Ig synthesized de nove can be measured using
radio—~labelled amino acid precursors. The
resulting radio labelled Ig is then elther

207 208

precipitated oxr adsorbed” .,

(3) Assays for antigen specific antibody -~ Recently a
nﬁmber of assays have been developed which measure antigen
specific antibody on B cells or in culture supernatants.

Plaque forming assays measuring cells secreting antibody against
aheep red blood cells following polyclonal activation of B cells

209

by pokeweed mitogen™ ~, allogeneic interact10n21g and helper
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factor5211 have been easler to develop than those neasuring

regponsas to specific protein antigens such as ovalbuminzlz

or THP-modificd red cellszla. Soluble phase and solid phase

gandwich radio~Insnune-nssays have heen used to measure antigen

gpecific antibody In suparnat&ntazlﬁ.

Polyclonal B Cell Activators (VBA):

Huwan B lymphocytes may be activated using a number of
different methods. Three plant lectins phytohemogglutinin
(PHA), conconavalin A (Con A) and pokeweed mitogen (PWM)
whilst binding to the surface of 0 lymphocytes do not directly
produce polyclonal B cell activation. Although these lectins
bind to the surface of B cells they require the presence of
T celle to produce activation, i.e. simple binding to B cells
does not rasult ir activation. This dependapee on T cells has
been demonstrated in D cell cultures conpletely depleted of
T c6113215; licvever, it should be noted that as little as

17 contamination with T cells is aufficient to allow the

response to proceed in an otherwise pure B cell culture.

Several baeterial products have been recognieed to dbe
polyclonal B aell sctivatora (PBA) ~ killled staphylococcus
aureus, staphylococcal A protein, lipopolyssccharide, nocardic

water-scluble antigen and purlfied protein derivative. Sope
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fetal calf sera (TO2) produce a high background aetivation
noige piresumably becawse of thely content of unidentified
B oecll mitogeumzxe. It is inportant therefore vhen using
FCS 4n actdvation ctudles to use heat-incctivated sheap red
blood cell absorbed YO8, to standardize procedure and

establish normal controls,

Antigera to human £2 microglohulin (raised in rabbits),
anti~ULA allo-anticera and antisera to surface IgH have been
variably reported as mitogenic for B cells, but reports from

difforent laborateries have been conflicting.

T lymphocytes may respond in a apecific or non specific
manner. Non antigen specific and antipen specific helper
factors have been harvested from supernatants of both murine
and human cell cultures. Lymphocyte mitogenic factor (ILMF),
an antigen~induced T helper factor has been recognized in
human culture systems. Tt hes been reported that while the
release of LMF is antigen apecific (i.e. relecsed only from
"aducated' T ecella), ito action Is nonspecific, and further-

216. The nature of human

more can cyracs allogonedc boundavias
IMF and ite site of action on the B lymphocyte are not

entirely clear. While it has the physiochenical properties
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of o protein, fomunosorbent column work (uaing columne
containing antitodies to IpC and IzM heavy chatine) suggmsts
that LMF deas not contaln fmunogleobulin chain determinants.
IMF hae beon observed to incrszase proliforation of, oral

Iz aynthesia from, human ¥ lymphoeytes,

In contrast to nonspacific T cell helper factors,
antigen-gpecific helpar factors (ASF) induce B cells to
praduce antidbody that 4s excluglvely directed azalnst the
antigen used to elicit the T cell helper setivity. The
role of seluble helper factors in polyelonpal B cell activ-

ation will be discussed further in a later chapter.

Manipulatlon of Suhrpopulationa:

4 review of the literaturc ao far, has identified
mathods for (a) separating moncnuclear cells from whole
blood (Fiecoll-Bypague centrifugation), (b) for separating
B and T lymphoaytes (aylon wool columm), (¢) for activating
‘lymphonyﬁas (@) and {d) for measuring ismunoglobulin
syntheasis (reversae henelytie plague assay). Prior o
discussing plaque assavs, zoversl methoda of manipulating
lymphocytes 4n order to exanine mechanisms which regulate

the immune rasponsze will ba reviewed.
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Since B cell remponses are an expreasion of the
balance which extists between helper and suppressor
influences, it 1s clear that changes in this balance nmay
be effected by alteration in the number or sctivity of
cells, having 9pposing actions. IHowever, while FWM
triggers T helper cells it also simultancously trigpers
BUPPressor cellszla. Therefore, it is necessary to
selectively dnhibit either help or suppression in order
to measure the magnitude and direction of the other.
Several methods of manipulation are avallable:

1. Radiation

2. Corticosteroids

3. Azothiaprine

4o cAMP

5. Mitomycin C.
6. Conconavalin A.

1. Radiation: -~ Previous studies have demonstrated that
different lymphocyte subsets have differing radio-sensitivities.
B cells are exquisitely sensitive and are functionally
destroyed at very low radiation doses (200-300 rads).

T helper cells are resistant to doses as hizh as 5,000-6,000

rads, while T suppressor cells have an intermediate sensitivity

(1500~2000 vads). However, reports of the level of radio-
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sengitivity have varied somewhat between laboratories
doubtless reflecting differences in technlques and
materialazlg’zze’zzz. Hevertheless, relative radio-
sensitivities of subpopulations have been retained.

The relative radiosensitivity of T suppressor cells
allows a convenient method of adding functionally pure

T helper cells to coculture of autologous or allogeneic
B cells, merely by irraditing (at some optimal dose)

the T cell suspensiomgprior to coculture. With this
technique helper cell function of different T cell
suspengions and the ability of B cells to respond
appropriately to T helper cell influences can be assessed.
(A further use for irradiation of T cell asuspensions,

is to eliminate by low dose radiation, B cells that have

been carried over when T cells have been fractionated by

L rosette enrilchment).

2. Corticosteroids: -~ It has been noted that the addition

of corticosteroids directly to lymphocyte cultures,
gelectively inhibits T suppressor cell function while
relatively sparing T helper function, and thereby enhances
the P driven anti~SRBC PFC reaponaezzg. In contrast an
effect has not beeq noted, with the acute in vivo admini~

stration of corticosteroids prior to venepuncture, although
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Sazon et u1223 {(using a different syaton) demonstrated
a guppressor affect on I cells and T suppreasor colls,

with no offect on T helper cells.

3. Azothiaprine: — The effect of Axothiaprine is similar

to that of irradiation 1l.e. B cells are very sensitive,

T suppressor cella less sensitive, and T helper cells
relatively resistantzzh. Thus when T cells are treated
with Azothiaprine prior to culture they enhance the B cell

response,

4. cAfP: - Limited studies have been conducted with
cyclic AMP and cyclic AMP inducing agents, but it would
appear that cells are relatively resistant in vitro to
cyclic AMP, T suppressor cells being less resistant than

T helper cellazzs.

5. Mitomyein C: - A net helper effect has been noted on

-----

treating T cells with this agent using a PPC asaay.

6. GConconavalin A: (Con A) -~ ¥hen T cells are activated

by optimal mitogenic concentrations of Con A they are

capable of suppressing PUM induced B cell antivationzzﬁ’

227’223”229. Reinherz and Schloauman230 have fdentified
the Con A suppressor cella an belonging to 2 distinct subset
of T cells comprising 207 of the total circulating T cell

population.




Plongue Assays:

The hemolytic plaque technique was introduced by
Jerne and Nordin23l in 1963, and allowed visualisation
of the presence of a minutée amount of blological masterial
by a magnification process restricted to a local area,
They developed a technique for scorinpg individual antibody
forming cells 4n o rabbit lymph node medel. A rabblt was
injected three times with sheep red cell stromata, a cell
auspension being prepared three weeks later from a popliteal
lymph node. When a proporticn of these lymphold cells
were incubated in an agar solution with sheep red cells and
then conplement was added, clear circular areas of haemolysis
(plaques) appeared in a fleld of closely scattered red cells.
Thus Llymphold cells releaged lytic antibody and caused
conplenment dependent lysls of adjacent sheep ved cells. In
the centre of each plaque a lymphoid cell (presumably that
which released the synthasised antibody) could be recognized.

232

In 1974 the methodology and theory of this technique

uging wmurine lymphoid cells were reported in detail, although

several variations had been developed in the interim. Some

233

researchers experimented with uonagar gelils while others

exanined cells producing classes of antibody other than

t{q
gﬂ23»,u35

Igd . Tadicator red cells were coated to detect
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responsaes to more complex antigens and methods of

236

performing the plaque assay on microscope slides ™™~ rather

than in Petri dishes developed. Some features of the

plaque assay require partieular attention:

(1)

(2)

(3)

Lymphocyte preparations must be relatively
free of autologous red cells or else the lysis
of test red cells will be masked and plaque
forming cells difficult to detect, Jerne
ueing a murine aystem noted the importance of
using indicator cells (sheep erythrocytes)
that were neither too young (resistant to lysis)
aor too old {too fragile).

ince red cell lysis is conplement dependent
the cholce of a grl, such as agarose, which 1s
not anti-complimentary is important. When gel
concentration in the murine model was raised
above 1ﬁ there was a decrease in plaque size
and plaque diameter.

Sheap red cell concentration in the indicator
lawn also affects plaque size. With lower
concentrations, plaques tend fo be larger and
leas well defdined at the wmarzin but unchanged
in number. In Jerne's wmodel optimal sheep red

cell concentration was 2x108 SRRC per ml.
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It has been noted that incubation at 2 higher
(4500) tenpeyrature than normal {3700) does not
affect the plaque responsc. (This observation
has sone importance since agarose 18 usually
heatad wngdl it liquifies and then maintalned

in a water bath at a temperature just above

45°¢ uneil needed for plaguing. Then while still
1iagudd, small aliquots of agavose are nixed with
sheep red blood cells and lymphocytes and subse-~
quently plagued; fncubation being conducted at
37% allowing the gel to get., However, it is
avident from these incubation experiments that
the mopentary exposure of celles to "hot" agarose
durdog mixing, which night ralge concern
ragarding cell viabhility, 1s most unlikely to
adveraaly offect the plague response.) In contrast,
incubation ot lower temperatures (<37°G) results

in 2 raduction of plaque numbers.

True plaques require differentiation from back-

ground plagques and spurious plaguas.



(a)

(b)

(c)
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True plaques are those appearing only
afier the addition of complement and
containing an antibody releasing cell
at their centrve. The number of plaques
obtained from the same sample must be
proportional. to the number of cells

plated.

Spleen cell preparationg Erom animals
which have never been exposed to sheep
red cells contain a small number of
plague~forming cells agalnst such red
blood cells (baékground plagues). It
is not known whether they arise spont-
aneously or whether they wedult from
previous exposure to cross-reacting
bacterial antigens. They are morpho~
logically indistinguishable from true

plaques.

Plaques not fulfilling the criteria fox
(a) or (b) are texmed spurious plaquesz.

They may be of several types:



i,

2o

b,
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Faults or bubbles in thoe agarose which can

be identified by the depression they couse

in the agarose surface on viewing it obliquely.
Tiosue fragments or debris which are recognirzed
by a dark visible apet in the centre of the
plague after Benzidine steining.

Heaemolytic toxins produced by bacteris in
contendeated preparation may produce haspolysis
wilceh i8 independent of lymphoid cells or
conplenent. Dengidine gtaining may reveal &
bacterial colony in the cenire of the plaque.
Lote plagues are those which occur with
prolonged {greater than 24 Lours incubotion
and which are likely related to the release

of lysin £rom degenerate white cella,
Auto-hecmolytic aentibody forming cells frow
shoap. Rarcly a batch of sheep red cells
centaing plague forming elements which produce
areas of haemolyesis independent of test

lymphocytes,

The active metabelisn of plague~foxming cells hag

been demonstrated by Sﬂ«chymidine incorporation, and by the

inhibition of plague formation on lowering incubation

tenperature, or the addition of potassiun cyanide, puromycin

or cycloheximide.
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While this direct technique has been used with success
in systems using high efficlency haemolytic antibody, there
are situations in which celle produce low efficlency haemolytic
antibody and have difficulty in producing plaques. It is in
the latter situation that indivect techanlques have proven
ugeful. One in particular requires the addition of anti~Ig
(polyspecific or clags specific) priox to iwcubation with
complencni. The auti-Ig moleculos attach to those antibody
molecules which have bacome fiwed to the indicator ved cells
during the first incubation. i tho progence of these complexes
on the red cell surfacc cowplement madinted lysis is faclli-
tated., The concentration of antiserun i iwportunt since high
concentrations inhibit plague formatiom (both the direct
plaquas which may have ocourved and the indirect plagues which
should have oecurved), whilst low concentrations xesult in poor
plague devalopnent. L& these two methods (direct and indirect)
are porformed simuléaneously, the differonce between the two
provides a wmeagure of the numbaxr of facilitated plaaues.
Uadmng diffevent concentrations of antl-Ig (facilitating serum)
the maximasl responge and therefore the optimal anti~Ig concen-
tration can be found. Several nethods hove heen deviged to

2.0 L4 "
distinguish IgH and LG ylaqueﬁzsz’ 233, gs?e
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Jerne's original method was conducted on petri
dishesn, however a sinple loyer technique conducted on
nicyoscope sliden was devised by Mshell and nuttnnzaﬁ.
The method involved conting miecroacope alides with 0.1
to 0.27 agarose and allowing them to dry. Sheep red cells
and lymphold cells were added to 0.5 mls of agarose 45°¢)
and poured on to the coated alide. Incubation was conducted
on Lucite racks provided with a shallow (0.1 cm) well. For
counting, slides were first dipped in saline and then their
backs wiped dry. They were then viewed in bright indirect
light. 40-100 plaques/slide were considered optimal,
although it was possible to accurately count up to 200. The
advantage of the slide method i that it only requires small
quantities of facilitating serum, conplement and indicator
cella, and is cconomical when replicate determinations are

being performed.

So far the target described has heen & red blood cell;
procedures scoring cells making anti~red cell antibodica.
With some wodification this technique can ba applied to the
detection of cells producing antibedy against other antigens
(proteins, polypeptides, polysaccharides ond haptens). This
is achileved by coating the indicator red cells, a process
which must result in an adequate density of antigenic deter-

minants, without causing increased red cell fragility, or
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decreased gensltivity to complement mnediated lysis. The
conjugates should not by themselves lyse in the prosence
of complement. If cell suspensions are assayed on coated
cells, a duplicate series on uncoated cells should be used,

to deterwnine by subtraction the background count.

Poosibly the silmplest chemical method of coating red
calls with protein, 1z that uasing chromiun chiovide,
Several authors have rvepovied the couwpling procedure using
dlffarent types of red cells, proteins and methodszsa’ZAQ.
The procedure basically involves the addition of glven
proportions of coupling proteln to washed red cells, then
Introducling prepared chromium chloride into the nixture
and machanically agltating the resulting suspension for a
pdvon perfod of time. Cells are then washed to get tid of
encaoss chromium chloride and unbound protein. The procedure
has wsually been porformod at room temperature with a l:l
¢ell protein volume watlo. In one study chromium chloride

238 rather than to the nmixiure and in

: : re 238, 240
two studies the wixture was not agitated « There

239,241,

wag added to protein
was sone congern lu carly veports that the nuwber of
plaques detected, especielly in gel assays, (vhen celis

had been coupled with chromiun chloride) was rather low.
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4,
Godingz 2 reviewing sone aspects of the procedure, notad

that the volume, coneentyagion and age of chyomlum ehloxide,
the concentration of coaiing protein and the adeguacy of
mixing affocted the efficloncy of cowpling, A 1 nl voluwne

of 0.01% concentration of aged (greatexr than § wecks)
chromium chloride was found optimal. Ian additicon he noted
that the opuinal amount of chromiun chloride, was that which
was just halow the ancunt uecassary to cause agglutipation,
and that chroniunm chloride was best added dropwise with
constant nixing to ensuve even coupling, Furthermore, he
emphasized that chromiuvm c¢hloride should be added lagt, since
it is rapidly dnactivated by protein. With attention to these
parameteys the method iz fasi, afflcient snd wany of the
problens experienced by eariier workers overeona. Nofler and

wick2&3

drew attencion ¢o the Importance of contielling the
pHl of solutions avound 5.0 iv thelyr systen, Coupling failed
when the pi fell below J.0. The ewmact nature of the coupling
mechandsa g uwnlkwown, although it iz believed that chromtum

chloxide sotivates carboxyl residues on pretelns in the TG

membraneg, thereby providing active sites for biading antigens.

In exowdining dota from plagque asesays o oumbey of potentilal

sourcaes of yvarlation should Le considered:



- 133 =

1. Biological wariation in the blood denor.

2. Variastion in plague nunbers when plaquing
duplicate cultures from the same individual
on the same day.

3. Variation in plaque numbers when plaquing
the same cell suspension in duplicate.

4. Methodologlic variations from day to day.

While variation cannot be completely overcome it can be
reduced by replicate determinations and its effect in part
accounted for by running simultaneous controls. Jetnezaz
evaluated some of these sources of variation and incorporated
them in his plaque theory. lHowevar, his model differed from
the one chosen for the studies to be described later and
therefore cannot be directly applied. Nevertheless, this
early work in the development of plaque assay techniques and

in coupling proteins to indicator red cells formed the basis

on which more sophisticated assays were developed.

The najor limitation of the previously described plaque
assay was that 1t could only detect cells producing specific
antibody directed against a known antigen. 1In 1974 Molinaro

245

and Dray separated lymphocytes from human blood by Ficoll

Hypaque centrifugation and prepared rabbit anti~human IgG
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which they coupled (by chromlum chlorlde) to sheep red

blood cellas (Ab-E). The potential for a new type of plaque

agsay was xealized, Iun the followlng year Fby et 31246

described the raverse haemolytic plaque assay (RHPA), in
which indlcator sheep arythrocytes wexra rcoated with anti-
hunman immunoglobulis antibody. This technique allowed
detection of individual human irmunoglobulin secreting cells
irrespective of the antigen specificity of the antibody
secreted. Following incubation of human lymphocytes, Ab~U
and agarose, the resulting gel was incubated in a petri dish
in a humidified environment for one hour, then in developing
serum (anti~human Ig serum) for ome hour, and finally in

guinea ply complement for one hour. The important findings
of this atudy246 werai-

(a) At least 17 of hunan nononuclesyr cells sccreted
frmunoglobulin,

(b) 1.16 + 0.4% of plated cells formed plaques.

{e) 1 mm3 of whole blood contained 22 ¥ g Ig secreting
cells,

(d) Lymphocytes not treated with facilitating serum
and with complement failed to develop plaques.

(e) Lymphocytes plated with goat anti~rabbit Ig Ab-il
or with rabbit anti~human Ig Ab-E together with
soluble anti-human Ig antibody formed few plaques,
Indicating specificity (mediated by Ig molecules)
of plaque formation.
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(£) On the baasis of several determinationg, the
reproducability of the assay was shown to be
adequate when (1) lymphocytes were treated
with separate preparations of Ab-~E and when
(i1) different samples of reference lymphocytes
were tested on preparations of Ab-X prepared on
the same day. It was noted, however, that
dliferent preparations of anti-human Ig anti-

hodies from different rabbits produced different
numbers of plaques.

(g) The response in 10 normals was 6,100 - 17,600
?Fcllﬁs mononuclear cells.

{h) The narrow range of percentages obtained for
percent plaque~forming cells in nornala
suppested a8 homeostatic mechanism.

(1) VUsing different washing and incubation procedures
the possibility that PFC formation was due to
veleased uembrane-bound Ig monocytes, or due to
sinple release rather than active secretion from
B cells was excluded.

Thue the Reverse Haemolytic Plaque Assay depends on active
secretion of Iimmunoglobulin from viable ce119232’246 and has
several advantages over praviously described syatems. Fluore-~
scent anti~Ig antibody techniques detect e¢ells which bear or
contain Ig but do not specifically identify those cells which
secrete it, while quantitation procedures measurc total Ig in
lyaphocyte cultures but do not allow assessment of the sacretory
activity of individual lymphocytes. Ginabur3247 studiad the
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kinatics of the PFC response using a modified RHPA and

made the following ifwportant obaervations in 15 normal

individuals:

(a)

)

(e)

(d)

(=)

(£)

(%)

(h)

The plagque response was negligible when
mononuclear cells were plaqued without
culturiag.

The peak zespouse was obtainad when nono-
nuclear cells were cultured for 5 to 7 days
prior to plaquing.

Cells cultured longer for 7 days showed a
decline in their responge.

Culture of mononuclear cells with pokeweed
nmitogen prior to plaquing resulted in a
tenfold greater PFC reaponse.

WY incrassed the proportion of IgM secrating
cells dn cultures,

The dependence of the rasponge on active
gecretion of fwmunoglobulia was confirmed.
0.1% of circulating mononuclear cells actively
gecreted immunoglobulin, a value somewhat lower
than that calculated by Eby. This difference
may veflect variation in the sensitivities of
the two aystems.

incomplete washing of mononuclear cells prior
te plaguing resulted in the caxry ovexr of
sufficient dwmunoglobulin to produce pseudo
plaguos or complete lysis of red cells in the
indicator lawn, highlighting the lmportance of
adequate cell washing.
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(1) There were in most cultures a small percentage
of cells simultaneoualy secrating more than 1 Ig

igotype.

In studies 1-5, to be described in the next section,
the reverse haemolytic plaque forming eell assay was used as
the indicator technique by which the net effects of the help/
suppression balance on Ig syntheasis by B cells would be

meagured,

As is common to many biologic systems, there has been
soma variation in the results obtained when the same end-points
have been measured using different techniques, and when the same
end points have been measurad by the same techniques but in
different laboratories. For this reason it was uecessary to
validate and standardize the aforementioned techniques in London,
prior to applying them in a formal comparison of patients with

rheumatoid arthritis and normal subjects.
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STANDARDISATION EXPERIMENTS

INTRODUCTION

MATERIALS AND METHODS

STUDY 1. Lffect of culture duration on P¥C responae (1)
2. Uffect of culture duration on PVC response (i1)
3. Description of pokeweed mitogen dose/response

CUTVa

4. Comparison of three sources of foetal calf serum,
5. Dascription of radiation dose/reaponse curve

SUMMARY

for T lywphocyten.
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INTRODUCTION.

Culture duration, pokeweed mitogen (PWM) concentration,
origin of fetal calf serum (FCS) mnd radiation dose are factoxs
known to affect fmmunoglobulin synthesis by B lymphocytes in
the asystem to be described. It was the intention with these
early studles to gain ewperlence with technlques, identify
methodologic problems, describe dose response effects and choose
optimnl conditions for subsequent studies. The exparimental

method 48 outlined schematically in Figure 14,

Only ﬁatieata with ARA criteria for classic or definite
rheumatoid arthritis (Tables 1~3) were selected fur study. Normal
subjerts were chosen as controls., Patients with rhaumatoid
arthritis are identified by capital laetters and their profiles
displayed in Appendix 1, while controls are identificd by small
letters and their profiles shown in Appendix 2. Original data are
tabulated in Appendix 3., (Subject ldencification, culture number,
cell concentration and coubination, the presence oxr absence of
pokeweed nitogen, the radiation dose for T cells if radiated, the
culture duration, plaque number and response expressed as ??31106
PBL are tabulated). In some instances cell combinations were

cultured singly and plaqued once, in others they were cultured in
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duplicate and each replicate plaqued once, and in yet another
they were cultured in duplicate and each replicate plaqued twice.
The reaults expressed in the following tables are thoe means and
standard error of the mean calculated from between 1 and 4 data

points.
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MATERYALS AND METHODS.
Subjects:

Three paticnts who fulfilled ARA criteria for classic or

definite rheumatoid arthritis, and four normal subjects were

chosen for atudies 1-5,

Cell aepavation:

Although a sterile hood, zloves and mask were not used,
the following procedures were conducted at the bench in as sterile
a manner as poasible in order to avoid contamination of the
resulting cultures. The incubater was a potential source of

contamination and was regularly cleaned.

HMononucleay celle were separated from 30 mls of fresh
heparinized blood by Ficoll Hypague (Ficoll 400, Pharmacia Fine
Chemicals AB VUppsela, Sweden) (Hypaque, Witthrop Laboratories,
Aurora, Ontario) (SC 1.079-1.084) centrifugation. Centrifugation
rates are described in centrifugal force (g) rather than RPM
gince the length of rotor arm and centrifuge tube result in
different g forces for a given rotor speed. Gravitational forces
{g) quoted are measured at the bottom of the tube and can be
translated into RPM using an International Centrifuges Normograph
(International Equipment Limited, 300 Second Avenue, Needham

Heights, Massachusetts, U.S5.A. 02194). 10 ml aliquots of blood



~ 143 -

were carefully layered with a Pasteur pipette on to 3.5 mls

of ¥icoll Hypaque contalned in each of three plastic centrifuge
tubes. (by hoiding the pipette tip against the side of the
tube approximately 10 mmn above the fluid level, and allowing
blood to flow slowly downwavrds onto the surface of the Ficoll-
Hypaque) TFollowing centrifugation at 800 g for 15 minutes at
4%c five layers could be observed. The bottom layer contained
red blood cells and the thin second layer granulocytes., The
third layer contained Ficoll-lypagque and some mononuclear cells,
The fourth layer was a narrow band of mononuclear cells, and
the top layer contained malnly plasma., QCells were removed from
the monosizeiear layer by introducing a Pasteur pipette into

the fourth level and releasing the bulb while simultaneously
woving the tip in & clockwise direction within the narrow band
to collect ag many cells as possible. This procedure was
repeated until all visible cells had been removed from this
layer. Following extraction of mononuclear cells the Ficoll-
Hypaque layer was also vemoved by introducing a pipette to the
third level, tipping the tube glightly to one side and releasing
the huldb. Care was taken not to pipette red blood cells or

granulocytea. A significant proportion of the plasma layer
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was also removed at the time of extracting mononuclear cells.
Ticoll~Hypaque and the lower plasma layers were included in

the collection gince it was known that a small but significant
porcentage of wononuclear cells were present there. This
procedure vas repeated on the remaining two tubes 1u order to
extract the naximum number of mononuclear cells from the original
30 nls of blood. Cells were washed three times in RPMI 1640,

ph 7.4 (Grand Island Biologicel Co., Grand Island, New York
14072), the'aupexnatanc being removed with a vacuum pipette
following each centrifugation (300 g for 8 minutes at 4°¢), =nd
the ¢cells resuspended in RPMI 1640 using a Pasteur plpette,
Following the second washing, cells from the thres tubes wera
transferred by Pasteur pipette into a single tube, suspended in
5 wlo of RPMI 1640 end a 0.5 ml aliquot removed and retained for
studias on uvnseparated lymphocytes. Foilowing the third centri~
fugation cells were resuspended in 0.5 ml of 57 fetal calf gerum
(Grand Island Biological Co., New York 14072) in RPMI 1640 at
37%.

Adherent (8) and nonadherent (7) cells were separated
using a modification of the nylon wool technique described by
Herner et allgﬁ. Columns wexre prepared from 15 cm by 6 mm
plastic drinking straws (Dover Industries, Hamilton, Oftario),

one end hedng cut at 45° and heat sealed. 100 wg of nylon wool



ware teased apart and packed evenly with a thin woeden rod
into cach stxav, a ninute hole belag cut in the bavelled end
to allow drainapge. It was importont thai columng wers packed
avonly othervise atv-pockets forned on prining, making them
unusable, Turthermore the hole cut at the hevelled end had
to be large enough to allow slow steady dralnage of drops of
1lguid, but not so large that a continuous torrent of liquid
was delivered ~ a factor which seemed to have an adversa
affpct on cell separation. Columns were rinsed through with
10 m1 of BPHI 1640 and then 3 wl of 5% v/v fotal calf serum
{Grand Island Biological Co,, Wew Yovrk 14072) introduced with
a Pasteur pipette into the open end of the vertically held
columny, following which they were placed on a slight Iinclina-~
tion (ro prevent drainage from the upper end), dn a 3706
incubator for 30 minutes. Care was taken to engure that the
fluld level in the column was sbogpsthe upper level of the
nylon wool and that ne alr bhubbles were present, thus avoiding
drying of the wool durlng incubation., Peripheral blood
mononuclear cella in 0.5 nl of 5% fetal calf scrum in RPMI 1640
at 37°C were loaded on to each columm with o Pusteur pipette
whilst holding the eceolumn vertieally, A snall quantity of
warmed (37°C) 5% fetal calf serum in RPMI 1640 was introduced

into the open end to prevent drying. Colunns were incubated in
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an almost horizontal pogition for half an hour at 37°c. Nom-
adherent (8) cells wefe renoved by running 10 wls of pre-warmed
(3703) 5% fatal calf serum in RPMI 1640 through the column using
a Pasteur plpette, whilst holding it vertically over a plastic
racelving tuba. Adhereat (U) cells were vemoved by rinsing the
colwin with 3 ® 1.5 »l of wamm 5% fetal calf serum in RPMI 1640
vhile gently sussaging the tube., There was found to be an
optimal pressure for wassazing the tube which would dislodge
adhevent cells without damaging them. The cells were therxeafter
washad twice in BPMI 1640 and resuspended following easch centri~
fugetion at 300 g for § ninutes at 4%c. Adherent (B) cells were
puspended 1n a finel volune of 1 nl of RPMI 1640 and non~adherent
(T) cells in 5 mls of RPMI 1640. (Nincty-eight per cent of
non~adharent cells rosetted with cheep red blood cells, whereas
less than 12 of adherent cells rosetted, indicating cffective
separation of B and T lymphocytes). At this point three popula~
tions of cells had been prepared ~ (1) unseparated lyaphocytes,
(2) ron-adherent (T) cells snd (3) adberent (B) cells. (In
Study No. 8 0.5m1 aliquots of T lymphocytes in RFMI 1640 were
irradiated at one of meveral dosages between H00 2nd 6,400 rads.

Cella were then washed three tiuea 1o EPMI 1640 to free the
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cells of contaminated extraceliular debris, and resuspended
to thelr original voluwes following centrifugation at 300g for

& minutes at 4°c.

Cell viability was assessed using a Trypan blue staining
method and was found to be bettex than 98%7. Viable cells
excluded the stain whilst non-visble cells took on & blue
appearance. Lymphocytes were counted (recognized by sixe and
moxphology) on a Neubauer counting chamber under a light
microscope. (ell concentrations were determined for each cell
population and the volume of cell suspensions required for

&

culturing a known nuwber of cells (5x10 or 10)} calculated,

In separate studies mononuclear cells were cultured in
raplicate either as irradiated or non~irradiated T cells alone

& 4

(5x10% or 10°), or as B cells alone (5x10” or 10°), or in a

1:1 ratio combination of 5x104 irradiated or non~irradiated

T cells with leﬁé B cells, or as 105 unseparated mononuclear
cells. Cells wers cultured from O -~ 10 dayas at 37°C in 1 ml of
RPMI 1640 (containing 1. glutamine) supplemented with 107 heat
inactivated sheep rved blood cell absorbed fetal calf serum
(from 1 of 3 sources), and gentamicin 50 meg/wl (Schering
Gorporation, Keullworth, N.J. 07033) both with and without
varying concentrations of pokeweed mitogen (PWM-Grand Island

Biological Co., New York). Cultures were contained within



w 3O e

12 x 75 mm plastic tubes (Falcon Plastie, Cockeysville,
Maryland) and maintained at 37°C 1n a humidified environ-
ment containing 5% Cﬂz. Following incubation cells were
washed three times in RPMI 1640 and resuspended in 0.5 nl
BSS ph 7.4 following centrifugation (300 g for 8 wminutes

at 400).

Quantitation of Immunoglobulin Synthesis? (Figure 15)

Tmmunoglobulin synthesis by unseparated cells, 1 cells
or various combinations of B and T cells vere measured using
a reverse haemolytic plaque forming cell agsay employing
rabbit polyspecific antiserum to human Ig€, A and M isotypes
(Cappel Laboratorlies, Cochraneville, Pa.) coupled to sheep
erythrocytes (Woodlyn Laboratories Ltd., Guelph, Ontarilo) by
aged (greater than 6 months) chromium chloride. The method
used for coupling was similar to that described by Goding.
Packed sheep red blood cells were washed three times in saline
and finally resuspended in 0.5 mls sterile D88 following
centrifugation (800 2z for 5 minutes at &”c). 1.5m) of 0.01%
aged (greater than 6 months) chromium chloride were added drop-~
wise with constant agltation to tubes containing 5ml of 0,92
saline, 0.5 ml absorbed polyspecific antihuman immunoglobulin
(rabbit antiserum was adjusted to 2 mg of protein per ml by the

method of Lowry) and 0.25 ml of washed packed sheep red blood cells.
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Agitation was continued for 5 minutes at room temperature,
following which cells were washed three times in RFMIL 1640,
centrifuged (800 g for 5 minutes at 40C), the supernatant
discarded and finally resuspended in a ratio of 1 to 15 with
B8S. Coupling was verifiad by passive hemaglutination using

human Cohn Fraction IXI (Bacton Dickinson, Orangeburg, H.Y.).

Cultures harvested between days 0 and 10 were infrequently
contaminated (less than L in 300), in which event they wers
diecorded. Contamination was recognized by marked discolour-
ation or gelling of the culture medfum, or the growth of mould
on the surface. Cells were washed three times in RPMI 1640
and centrifuged at 800 g for 5 minutes at 4%¢ between cach
washing. Cells were finally regusmpanded ia 1 ml of RPMI 1640.
100 microlitres of this cell suspension were plagqued with
50 microlitres of coﬁgleé sheep red blood cells in 0.5 ml of
agarose ot agarose coated microscope nlides, The plaquing
procedure involved preheating agarose and maintaining 0.5 nls
of it in swsll glass tubes at 4506 in & water bath, 100 micro-
litres of cell guspension and 50 microlitres of coupled sheep
red blood cells were separately pipetted into each tube., The
tubes were vortexad slowly to ensure conplete mixing and the
contents carcfully poured on to previously numbered and prepared

agarose coated micrescope slides. {Agarcse coating was achieved
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by drawing a brush previously dipped 1in wernm liquid agarose
across the surface of the slide and drxylng it in air, This
preparation had the advantage that pouraed cell suspensiona
were econtained on the slide rather than running off the edge.)
These preparations were incubated on trays at 37°C in moist
heat for one and a4 half hours, and thereafter incubation wan
continued for two hours in 1% facllitating serun (rabbit
polyspeciflc antiserum to human IgCm A and M in sterile BSS),
then three hours in 10% SRBC absorbed guinea pip complement
(Cedarlane Laboratories Limlted, lLondon, Canada). For these
last two incubations slides were placed fnce down in long
trays, which had raised edges to keep the preparations just‘
clear of the bottom of the container, the trough then being
flooded with the appropriate solution. Following incubation
plaque forming cells were counted and expressed per 106 viable
peripheral blood lymphocytes. (PFC/'J.O6 PBL) A true plaque(Fig. 16)
was recognized as a circular, relatively clear srez, in the
agarose and represented a lymphocyte surrounded by a rim of
haemolyzed sheep red blood cells. This required diffarentiation
from alr dbubblaes and from pseudo plaques. The latter were
recognlized as depreasions in the surface of the agaroae on
looking obliquely. The number of 473Gl peripheral bLlood

lymphocytes in each culture tube was calculated as follows.
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FIGURE 16 - TRUE PLAQUE,

A clear rcme of haanolysia with a
BolitaTy central human peripheral
blood B lymphocyte from a patient
with rheumatoid arthritis can be
observed in an indicator lawn of
sheep red blood cells.
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The total number of lymphocytes was counted by a machine,

the accuracy being checked by manually counting selected
gsamples, The viability was judged in 10 to 20 cuitures by
counting the number of healthy (cells idantified as lympho-
cytes which had normal configuration and were not crenated

or distorted) lymphocytes and expressing them as a percentage
of the total number of lywphocytes. This percent viability
was applied to all machine counted values. Results were
expressed 1 this way since it was rcascned that non~uwishiy
iymphocytes would not contribute to the observed reaponse.
Thus following calculation of the number of viable lywmpho-
eytes in 100 pl of cell suspension, and knowing the number
of plaque forming cells in that 100 ul, the number of ?Fcllqﬁ

PBL was easily calculated.
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Studies Y ~ 53

In the 5 studies to be described conditions were varied
ag followe., In studies 1 aud 2 calture duratlon was varied
hatveen ¢ and 10 days in order to detexrmine the culture
duzation vhich would provide the greatost response, In study
3 varying concentrations of pokeweed mitogen were used to
define the shape of the dose raespouse curve, and to detarmine
the meost approprilate concontration to use in later studies.
In study & three different sources of faetal calf serum were
compared in order to determine 1f any one was guperior, In
study 5 non~adherent (T) lymphocytes were irrvadiated at
varying dosages prior o coculture with B cells in order to
define the shape of the dose response curve and determine the
relative vadiossnsitivities of T cell subpopulations. Any
deviation fxow the general methods already described are

defined in the conditdions for each study.



Btudy No, l. -~ Effects of varying culture duration.
Mononuclear cells from a siangle normal subject (a.c.)
were geparated and prepared as described above. The original

data are shown in Appendix 3, cultures No. 1-60,

Conditions:

Four cell corbhinatlons were studied - 105 B cella alone,
105 T cells alone, 105 unseparated lymphoevtes and 5 x 104
B oeells with 5 % 104 T calle. Cells were cultured for 0, 3,
7 and 10 days with snd without 1% PUM (Grand Island RBiddogical
Company, MNew York, Lot #15K0201). Heat inactivated sheep red
blood call abzorhed fetal calf serum used in this study was
from Grand Island Biological Company, Grand Island, Hew York.
Mo cells were radiated. It has been observed that if too many
cells werz plagqued then the resulting plaques often coalesced
naking coupting elther inaccurate or impossible., For this
reason, in Study No. 1 rather than plaquing a fixed volunme
e.8e 100 nicrolitres, 105 cells were plaqued without culturing
on day 0 when it was anticipated responses would be low, whereas
leo“ - leoé cells of each type were plaqued on days 3,7 and 10
whon vesponses would be high. All rorponses (PFC) were finally

raferonced to 106 Phl.
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Results:

in each instance responses were higher when cells were

cultured with PWM than without. (Table 4) Immunoglobulin
production was negligible on day 0 for all cell types. There-
after responses increased progressively to be maximal at day 7
for all culture types except one (unseparated lymphocytes
cultured without PWM). After day 7 responses invariably declined.
The increment between days 0 and 3 wes generally greater than
that hetween days 3 and 7. Response was greatest for cultures

containing B and T lymphocytes in the presence of PWM (3466 T

278 PF01106 PBL). DB cells and unseparated lymphocytes with PWM
also produced substantial responses, T cell responses were
negligible. i.e. Nylon wool separation had been effective.
Finally, the addition of T cells to B cells enhancaithe response

at 7 days, both with and without PHM.

Conclusion:

This study suggested the following:

1. The spontaneous plaque response was 0 and culturing
of cella was necessary to produce the observed
response. 7The finding provided the necessary
evidence that immunoglobulin synthesis occurred

during culture and that the responses seen were
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not the result of immunoglobulin present

on B Lymphoeytes at the time of venepuncture,

it was apparent that the optimal time for
culturing cells was 7 days and that functional
capacity declined significantly with longer

durations.

Low responses from T cell cultures indicated
that there was little B cell contamination of
T cell preparations. i.e. nylon wool separation

had been effective.

Iwmmoglobulin production from B cells was
increased when they were co-cultured with
T cells indicating an interaction occurring

between subsets of lymphocytes.

Responges were increased & to 5 fold in the
presence of 17 pokeweed mitogen indicating an

effect of this T cell dependant 3 cell mitogen.



m 1539 -

Study No. 2. ~ Effects of varying culture duration.

In order to verify the observation in Study Xo. L that
immunoglobulin synthesis wao maximal following 7 days of
culturec, o sindlar study woa designed using a different
normal subject (c~0.). The original data are shown in

Appendix 3, cultures No. 61-126.

Londitions:

Tour sats of cultures wera established, 105 B cells
alone, 10° T cells alone, 5210" B cells cocultured with
53104 T cells, and 1@5 upseporated cells. Cells were
culiured for 0, 3, 7 apd 10 days in the presence and the
absence of 1% PUM (Crand Islond Biologicel Company, CGraud
Igland, ¥ew York, Lot Fi5K0201). Heat inoctivoted sheep
rad bloed cell sbeorbed fetal calf serum was produced by
Grand Tslaond Diologlenl Compeny, Grand Tsland, New York.
Ho eclls wexe radiated. 105 cella were plaqued on day O
wherans 5&1@4 cells wera plaqued on days 3, 7 and 10 for

the reazone previeusly outlined.

Results:
For all culture combinations responses were higher in
the presence than in the absence of P (Table 5). T cell

reagponses were minimal indicating adequate separation and
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little contamination of T cell preparations with B cells.
Plaqua responses on day ¢ were minival, although they were
asomevhat greater than in Study Ho. 1. Respouses iluncreased
at day 3 and were maximal by day 7. Iuncrements hetween day
3 and day 7 vere generally greaterx than between day 0 and
day 3. Invariably responses fell between day 7 and day 10.
Regponses were similar at day 10 and day 0. The naximum
veaponse (4,462 ¥ 338 PFc/10° TBL) wan obtained by cocul-

turing B and T cells in the prescence of PUM.

Concluglons
This study verified the flodings of Study Ho. 1.

1. Imnunoglobulin synthesdis was maximal on
day 7 for all types of culture.

2. ‘There was a declive in imounoglobulin
synthesis after day 7 to a level at or about
that found on day 0.

3. 1% pokeweed mitogen enhanced the observed
response for all culture types.

4. The addition of T cells enhanced the B cell

response, hoth in the presence and absence
of DU,

Conbined results for Studies 1 and 2 ara displayed in
Table 6 and Figure 17. Tt was evident,that statements nade
independently in the first two studies regarding culture
duration, cell separation and effects of PHM and T cell
coculture held true when individuals were grouped. At 7 days

under the conditions described the responses from cultures
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FIGURE 17. ~ EFFECT OF CULTURE DURATION ON PFC
RESPONGES - COMBINED RESULTS FROM
THO HORMAL SUBJECTS.
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containing PWM was 2 to 4 fold preater than those without.

The mean B ¢ PWM response was 2953 PFCIIOG PBL which increased
to 3964 PrC/10° PBL with the addition of T cells. Mean
responses in cultures containing B + T cells in a 1¥1 ratio
(2964 }?FC/J.D6 PBL) were higher than those from unseparated
lymphocytes (2975 PFC/lO6 PBL) where B:T cell ratios approxi~
nated those found in the peripheral blood of the subjects
studied. Possibly a 1:1 5:7 cell ratlo favoured a higher

responge in this system,

It was on the basis of these two studles that 7 days
was chosen as the standard time for culture duration in
subsequent work. Furthermore, two sources of enhancement other
than culture duration were identified, namely PUM and coculture

with T cells.

Two modifications were made in the methodology hersafter.
Firastly, atoce of the two types of lymphocytes only B cells
produced imuneglobulin it seemed more appropriate to culture
Szlﬁé‘rather than 105 B cells alone, 80 that a2 better comparlson
could be drawn when the same number of B cells were cocultured
with Bxlﬂﬂ T cells, Similarly le@a T calls were cultured alone

©
rather thau 10° cells. Unmeparated lymphocytes continued to he
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cultured at 105 80 that culture concentrations were equivalent

to those of B+ T cowbinations., Secondly, lustesd of plaguing

a kanown nunher of cells (105 on day 0 or leﬁé to .5:&3.0‘{:L oun days
3, 7 aund 10) 4t wasz decided to plaque oa day 7 & known volume
(100 wiexolitres) of call sucpension and caleulate fts cell
concentratlon aftervards., With this approach a manageable
numher of plaques wiich could be easily identified and accurately

comted was achiaved.
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Study Ho. 3: - Definition of the PWM Response Curve.

The effect of varying PUM concentrations between O and
3% was evaluated in three normals (e.c., nm.e., p.hi.,) and
one rheunatoid (S.W.). Ordginal data are shown in Appendix

3, cultures Ho. 127-171,

Londitiona}

Mononuclear ¢ells were separated and prepared as
proviously described. Three sets of cultures were established:
leo4 B cells alone, 5::104 T cells alone and leﬁa B cellis with
5310“ T cells. Fetal calf serum was of the same oxigin as in
the studies No. 1 and 2. Although PWH was from a common gouree
{(Grand Island Biological Company) the Lot No. for studies on
a.c. and 8.W. was No. 15K0201 and the Lot Ho, for studies on
mee. and p.h. was 1285302, Cultures containing 5::1.04 B eclls
were cultured for 7 days under the conditions previously
described. 100 microlitres of cell suspension were plagued
and the responses expressed as plagque forming cells per 106

peripheral blood lymphocytes. (PFCIIG6 PBL)



Results:

Effective cell separation was indicated by the negligible
responses seen in cultures containing only T cells. (Table 7)
In every instance the B cell response was enhanced by coculture
with 1 cells, In 2 subjects (E.C., S.W.) in whom incomplete
curves were constructed (Figure 18) a positive correlation was
noted batween plaque response and PWM concentration. Maximal
responges (3466 and 4090 PFCIIOG PBL) occurred at the highest
concentration of PWM studles (1%). In the 2 subjects (m.e.,
phe) in whor complete curves were constructed, there was a
marked incresse in response when concentration was increased
from 0 to 0.5%. Detween 0.5% and 22 the curve was rounded
end above 3% there was a marked decline in the response observed,
The maximal response for M.E. (5050 PFC/10° PBL) was at 1.5%,
and for p.h. (5425 PFC/10° PBL) at 1%, The shapes of these
two curves indicated that thera was less variation in the
response when concentrations between 0,57 and 2% were used than

when concentrxationg below and abkove thils range were utilized,

Conclusions:

It was deduced from these studies that PWM concentration
influenced the magnitude of the observed response. Suboptinal
regponses were noted with FWM concentrations which were both

too low and too high. Taking into account the shape of the
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TABLE 7. RULATIONSHIP BETWEEN POKEWEED MITOGER (PWM)
CONCENTRATION ANMD PFC RESPONSE IN R.A. AND
NORMAL SUBJECIS.

SUBJECT UM CiLL TYPE
T (GONG)
B T B & T
®
8.We 0 143 (v 572
0.01% 89 0 1073
0.1% 150 0 2454
1.0% 238 0 4090
%
.. 0 570 35 770
0.5% 934 50 1910
1.00 2480 106 3466
nees ¥ 0 - - 1275
0,19 - - 2475
0.5% - ; 4275
1.0% - - 4937
1.5% - - 5050
2.0% - - 5025
3.0 - - 3562
poh ™ 0 - - 750
0.1% - - 2200
0.5% - - 4412
1.0% - - 5425
1.5% - - 4700
2.0% - - 4225
3.0% - - 2500

% -~ PHM Lot No. 15K0201
%% - PN Lot No, 12H5302
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curve a gtandard concentration of 1% PWM was chosen for
all subsequent studies. Furthermore it was evident that
at the 1% concentration higher veosponses were achieved with
PWM Lot Wo. 12N5302 than with 15K0201. For this reason
PWM Lot numbers are quoted for each study and data from

studies using different Lot numbers have not been pooled.
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Study Mo, 4:~ Nvaluation of difference sources of
fetal calf serum,
Fetal calf sora producoed by Rehatuln, flow and Gibco,
wara compared for efficacy in o single nowmal (e.c.) Original

data are showm in Appendis 3, culturves Ho. 172-198,

Conditions:

Four sets of cultures were established containing 5::104
B cells alone, leﬂa T cells alone, 105 unseparated cells and
Exlﬁé B celle together with leoé T cells. Cells were cultured
for 7 days with and without 1% PUM (Gibco, Lot Ne. 15K0201). The
experiment was triplicated, cach of the 3 sources of fetal calf
gerun bedng used in turn. A constant source of feial calf serun
wag uweed iv cell geparation, preparation and cell eultuvre for each
experdiment. Concentrations weve standardlzed and were as indica~
ted in Materlale and Methods. I@ach culture was subsequently

plaqued in duplicate.

Besulte:

4o had been previously observed, responses were davariably

greater in the presence than in the sbsence of 17 PIM (Table 8).
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FIGURE 19 ~ PFC RESPONSHS OF NORMAY, LYMPHOCYTES -
COMPARISON OF THREE SOURCES OF YOETAL
CALL SHRUM.
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The greatest sesponses were observed with unseparated
lymphocytes + PWM, In 2 out of 3 (Rehatuin, ¥Flow and
Gibco) instances they exceeded those observed with combin-~
ations of B and T cells. Nepligible responses were
obgerved in cultures of T cells alone, indicating adequate
separation. Coculture with T cells enhanced up to nine~
fold the D cell response. With the exception of unseparated
Iynphocytes cultured with the Gibco fetal calf serum,
standard errors of the mean for all other groups substan~—
tially overlapped, indicating that there was no significant
difference in efficacy between the 3 sources of fetal calf

gerun used ~ Flgure 19.

Conclusion:

This study verified observations made in earlier
studies of the effect of T cells and PWM on the B cell response.
From the data presented it was concluded that there was no
significant difference in efficacy between the 3 sources of
fotal calf serum in the vast majority of cultures. ¥or reasons
of availability and enonomics Gibco (Grand Island Biological
Company) was chosen as the source of fetal calf serum for all
subsequent studies. 'The higher responses observed for
unseparated lymphocytes than B + T cells in the presence of

PWM were unaccounted for. Since this trend was reversed in



the abgence of PWM it may have represented different
dose response characteristics of the two cell populations,
or it may have represented a more favourable B3T cell
ratio in this subjects unseparated lymphocytes, or a

combination of the two.
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Study No. 5t

It has been recognized that the subpopulation of
T cells known as T suppressor cells ave sepsitive to
irradiation, being functicnsily deatroyed at appropriate
dose levela. Another subpopulation, T helper cells are
relatively radio~insensitive (Tolerate higher doses before
balng destroyed). In Study No. 6 functional destruction
of T lymphocyte aub~populations by frradiation provided a
means by which lmmunoregulation in rheumatoids and normals
could bhe studied. Reports of the relative radio-sensitivity
of these tvo sub-populations have varied. It wos therefore
nacessary to establish in this lsboxatory, which dosages of
irrvadiation preodiced mazimal and miniwal responses. A single
nomal (c.a.) and twe rtheumatoids (B.F., L.H.) were chogen
for study.

Original data are displayed in Appenddx 3, cultures HNo. 196-217.

Conditiong:

Cells were separated as previously indicated. Aliquots
of T cells were irvadiated (CGamma Cell, Canada) at varying
dosages between 800 and 6,400 rads, add washed as already
deseribed prior to coculture with 5x104 B cells (1:1 ratio
conbination) for a period of 7 days in the presence of 1% PuUM

(Gibeo Lot. NHo. 15K0201).
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Results:

Responses were lower in the 2 rheumatoids than in
the normal at all radiation dosages with the exception of

B+T which fell between the response of the rheumatoids

6400
(Table 9. Responses in rheumatoids and in normals were
maximal when T cells were lrradlated at 3,200 rads prior to
coculture. The dose response curves for rheumatoids were
significantly flatter than for the normal. i1.e. Increasing
doges of T cell irradiation up to 3,200 rads produced a
greater enhancement in the normal subject than in the
rheumatoids (Figure 20). Furthermore, irradiating the T cell
population at doses higher than 3,200 rads produced a
diminution in the observed responses in both groups. In 2

out of 3 subjects the response at 6,400 rads was less than

that at 800 rads.
Loncluaion:

Irradiation of T cells prior to coculture with B cells
had a significant effect on observed responses, which were
maximal at 3,200 rads and minimal at 6,400 rads. Radiation
enhancement was greater in the normal than ln the rheuvmatoids,
However, L.H., had a gsignificant response to radiation. The
maximum level of response in rheumatoids (1332-2600 I’FC/lO6
PBL) was less than in the normal (8275 PFC/J.O6 PBL). Taken

together this evidence suggested that the subpopulation of
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TABLE 9, ~ EFFECT OF T LYMPHOCYIZ PRU-~-IRRADIATION ON
IMMUNOCGLOBULIN SYNTHESTS IM B & T & B¥M CULTURES
I IUICSUMATOIDS AND NORMALS,

SUBJECT RADIATION DOSE, 1’5’(}!106 veL, ¥ smn

ccs 800 2021 T 118
1600 6575 = 622
3200 8275 T 622
6400 666 « 73

B.F. 800 825 = 93
1600 966 = 89
3200 1332 = 108
6400 90 £ 27

Ll 1600 1250 150
2000 1900 ¥ 0
3200 3300 = 100
5000 2600 £ 600

6400 2300 ~ 700
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FIGURE 20. - RADIATION DOSE/RESPONSE CURVES IN
THO RHEUMATOIDS (L.M., B.F.) AND A
SINCLE NOHWMAL SUBJECT (c.e.)



- 180 -

T cells known ac T asuppresgor cells were senaltive to
irrvadiation at an optimal dose of 3,200 rads 4in this
laboratery, while higher doses of irradiation ($,400)
resulted In a functional dastruction of subpopulations
contalning T suppressor and T helper cells, It was from
this study that 3,200 xads and 6,400 rads were chosen as
the optimal dogages at whileh to irradlate T cells in
subsequont studies. T cells irradiated at 3,200 rads
are hereafter designated as Tszoo ond at 6,400 rade

Tﬁ&ﬂa cells.
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Tollowing a review of avalleble experimental techniques
a modifiled reverse haemolytic plaque forming cell assay was
selected to measure I synthesis from 3 lymphoeyten, Five
studies were conducted to standardize techniques, and in
particular to establish optimal culture duration and concen-
tration of pokeweed mitogen, the effect of different sources
of foetal calf serum and to define radiation dose response
curves for T cells. Cell yield was found adequate and provided
sufilcient nunbers of cells for replication of Che necessary
cell culture combinations. FWurthermore, cell vlability wao
well maintained, heding greater than 957 at the time of culturse
and 55-80% at the time of plaguing., Consilstent wilth the
ohservations of others, the PIC response was maximal after
7 days of eulture. Dose rosponse curves for pokewaed mitogen
indicaked a nend to operate on the plateau of the cuvve for
maximnl responses and justified the selection of 1% as the

atandard coneentration,

Hovaever, respongses Ifrom two separate lota of pokewced
mitogen diffeved, suggesting that the same lot number should be
uged for all experiments orx i1f i¢ were changed, then caution
should be exercised in combindng results from studles using these
different lot numbers. Sioce Gibeo TS wac readily availlable and
compared favourably with other sources of foetal calf serum it was
aelected for all subsequent studies. Consgistent with the
literature, suppressor T cells were found to be more radio-

sensitive (3200 rads), than helper T cells (6,400 rads). WUhen



T gells were pre-irvradiated at 3200 rads pylor to coculture
with B cells, respomses f£rom normal subjects and response
differemces between rheumatoids and normal subjects were
maximal, Thus 3200 rads and 6400 rads were seleeted as the
astandard dosages with which to manipulate the helper suppressor
balance. While certain trends wore evident in the early
axparinents, the small numbers of subjecta studied prohibited
conclusions bedng drawa. Thefefore study 6 was designed,
Incorporating the experience gained in the filrst 5 erperiments

and dnvolving large number of gheumatold and normal aubiecia.
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GHAPTER 4

EVALUATION OF THE CONTROL OF POLYCLONAL
DMUROGLOBULIN SYNTHEBIS IN RHEUMATOID ARTHRITIS.
(8TUDY 6)

i

INTRODUCTION

i

SUBJECTS AND METHODS

i

RESULYS

i

DISCUSSION
- SUMMARY
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With signs and aymptoms processed in computers
With pacienta' histories on punched-carde coded,
01d teaching ways ere long will be outmoded. '
For philosophic profs, loguacious tutora,

Their classes' cool derision won't be spaved

If they dilate on clinical impreasion

And quote no coefficients of regression,
Significance with t-test or chi-squared

Or standard deviations (i.e. sigma)

Mandatory now in sclentific thinking -
Clinicians' aphorisms not hoodwinking

The unbelieving young; 'folk~lore' their stignma,
Technocracy ascends: it is our fate

Iilliterate to be, but numberate.

Anon.



INTRODUCTION:

While a large number of atudies (Chapter 2) have da¥ined
immune sbnormalities in rheumatoid arthritis, relatively few
have specifically examined the control of the immune response;
an enterprise which may provide explanation for some observa-
tions. Research conducted on several non-rheumatoid “auto-—
imune’” diseases indicates that disturbances of inmunoragulation
are not disease spoecific, hut may be found in morxe than one
disease state. Thus, immunoregulatory abnormalities have been

noted 4n a number of such disorda23243

249

including systemic lupus

s Juvenile rtheumatold arthritis (JRA)ZSD.

2

erythematosus (SLK)

251 25
» mixed connective tisaue disease (MCID) and
Sjogren's syndtamma. In humanug’ 254, 253, 236

sarcoidosia

and murine257

lupus syndromes, alterations in T cell function for help and
more especially suppression have been observad. lypofunction in

"
suppresser T cells has been noted in some polyclonal gammnpathieazds,

while hyperfunction has been described in common varishble hypo-
259

gamuaglobulinemia™ ", Although antisuppressor cell antibodies have
been demonstrated in the sera of patients with active SLEzSS’ 236

and JR&?ﬁo the mechanisus respongible for suppressor T cell dysfunction

remain unknown.

Recently two groups examining lmmunoregulation in rheumatoid
peripheral blood, utilising different techniques have attributed

deviations from the normal in their experimental endpoints to

260, 261, 262 261

suppressor T cell dysfunction + Abdou et al studied
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31 patients with varying severities, activities and durations

of definite or classical rheumatoid arthritie, 11 patients with
osteoarthritis and 34 normal healthy controls. All patieants

with rvheumatoid and osteoaxthritis were receiving some form of
anti~inflammatory therapy, commonly aspirin. Lymphocytes were
activated with Conconavilin A. These authors reported that
suppreasor T cell hypufuuetiun.waa found in active early

rheumatoid arthyicls (disease less than 3 wonths) but oot in
active later (zreater thoan 6 wonths) or inactive R.A.  Vhen

these active early rheumatoids were restudied 11~23 months later,
suppressor cell function had nomalised, in spite of persistence
of disease activity. Furthermore, antisuppressor cell antibody

of IgG class was detected in plasma from active early R.A. patients
but aot in the plasma from other R.A. firoups or non-R.A. controlas.
The B cell targets for Conconavilin A activated suppregssor cells
wore functionally normal in early active R.A., confimming the
inditial 1mpressi0n that the defect lay at the level of the T cell
and not in the capacity of B cells to respond to suppressor signals.
Finally, responses from ostecarthritic and normal subjects were
sinilar, indicating thet the observed responses were not the
consequence of a non-specific drug effect. This finding contrasted

with that of other warker5253r 264, 265

who have reported an effect
of non~steroidal anti-inflammatory therapy on other in vitro

experimental endpoints (tritiated thymidine incorporation).
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Abdou et al concluded that suppressor cell hypofunction may
contribute to the initiation but not the persistence of
rhewsatodd arthritis,

Keystone et alzﬁz

studied 203 patients with rheumatold
arthritis and 16 age and sex matched healthy controls.
Suppressor cell activity was generxated in vitro by priming
peripheral blood mononuclear cells with high dose antigen
{ovalbunin) and measuring the subzequent response after culture
in an ovalbunin~apecific PFC aseay. The authors ohserved, that
while the mean PFC response in vheumntoide and normals were
sinllar,that suppresaor cell activity in rheumatoids was less
(46.4 ¥ 4.2%) than in controls (64.6 b 2.7%). ¥No correlation
was noted between suppressor cell activity and disease activity
or drug therapy. A pure hypofumetion of suppressor activitcy
would be expected to enhance the PFC rxesponse. The authors
regsolved this apparent pavadox by suggesting that aﬁtibndy
synthesis was dependent upon complex Interactlons of accessory,
helper, suppressor and B eells, and that Impaired function of
cells which augmented the PFC responae may have offset the

suppressor defect.

There are no previous reports in the literature of the
reverse haemolytic plaque forming cell assay and radiation
cnhancement techniques being used aystematically to evaluate
innunoregulation in rheumatofd arthritis. In the study to he

described polyclonal immunoglobulin synthesie by rheumatoid
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D cells was compared with that from normal B cells. In order
to examine the function of lymphocyte. subsets, sutologous
cultures of I cells and lrradiated (TszaQ of T&Aﬂﬂ) and non-
ixradiated T cells were established in 1:1 ratio conbinations,
Cultures of B cells alone and T cells alone (non-irradiated,
L3900 and Tﬁ&ﬂo) were included to allow further comparisons to
be made and bagal levels of dwmonogliobulin synthesis to be
defined in this system. Finally, unseparated lynphocytes were
cultured to compare respouses of Immuse-competent oells when
prasent in proportions axlsting in the peripheral bleod, as
opposad to rasponses seen in the 1:l ratio (B:iT) combinations
created dn the Labovatory. Patlents of verying age, spox,
rheumatold factor status, disease actlvity, disessc duration
asd thorapeutlic regiman ware solected in ordar to cxamine a4
aross section of the rheumatold population, and provide opportunity
to recognlze any factorxs which might determine a yesponae
dovisting £rom the nommel. &ilsultaneous with thisc experimant,
data wera pathered on Ty calls. Since these data have particular
gignificance and wexe svbaequently added to, they will not he
dealt with In this sectlon bul instead vepovied In Chapter 5.
M outline deseription of the wethods used ls vepeated, ia oxder
to clearly define the incorporation of results fyom studies 1-5

in the final deaign of study 6.
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SUBJECTS AND METHODS.

Thirteen patients who fulfilled A.R.A. criievda for classic
or definite rheuwnmatoid arthyitis (W, JP, BF, 8L, HM, EB, 85,
IH, B, DB, OM, SW, DM) ond fourteen normal subjects (ob, ke, 1lg,
dss ec, db, cm, ww, 1h, jd, mm, e}, bw, we) were selected for
study. (Appendices 1 and 2). Mean dlsease duration was 9.3 years
(range 4 months to 23 vears). Eleven patients ware female and
the same nuwber seropesitive. Twelve patlents wvere receiving
nonstaroidal anti~inflavmatory drugs at the time of gtudy, four
ware additionally raceiving Prednigsone andf/or gold ox Penilcillamine.
One female vheumatoid was taking only acetamivophen and was
recorded for the purposes of analysis as "no treatment". The
AsReAe functional class of pationts was assessed by o physios
therapist and ESR measured by the Uestergran nethod, FRheuwnatoid

factor titres were determined by Che latex wmethod.

None of the fourteen normal subjects was knowm to be taling
nedication at the time of the study or be suffering from a
psystenle disease, or microbiel infection. Tifty per cent of

control subjects were fomale.

Mononuclear cells ware aeparated from 30 mls of fresh
heparonized blood by Ficoll-llypaque (Ficoll 400, Pharmacia Fine
Chenicals A8 Uppsala, Swaeden) (Hypaque, Winkhrop Laboratories,

Ausroxa, Ontarie) (8¢ 1.079-1.084) centrifugation (800g fox 15



.....

minutes at 490), and washed three times AnkPMI X640 pH 7.4
(Grand Island Biologlcal Co., Grand Island, New York) with
rosucponsion following centrifugatien (300g for & milnutes at
éoc). An aliquort of unseparated mononuclear cells was retained
and from the remaining cell suspension adherent (B) and non-
adherent (T) cells were separated using a modification of

the nylon wool technique deserihed by Werner et al, Columns
vere prepared as previously deseribed, and vrinsed through with
10mls RPME 1640 and then 3nls of 5% v/v fetal ealf aerum (Grand
Island Biological Co,, New York), following which they were
placed in a 37°¢ incubstor for 30 minutes. Peripheral blood
nononuclear cells in 0.5 mls of 54 fatal calf serum in KPMI

1640 at 37°C were loaded on to each column and incubated for
half an houwr., HNonadhorent cells wore remdved by yuoning i0mls
of prewvarned 37°C 5% fetal calf serun in RPHI 1640 throusth the
coluvnm. Adherent cells were removed by rinsing the columm with
3xl.5mle of warmed 52 fetal calf serum dn RPHI 1640 while gontly
maasaging the tube, The cells were thereafter washed twlice in
RPME 1640 and resuopended, following centrifugation at 300g for
8 minutes at 4°C. 987 of nonadherent ecells, rosetted with sheep
red blood cells, vhereas less than 1% of adherent cells (70-80%
slg positive) rosetted, iundicating effectiva saparation of B and
T lymphocytes. The yield ¢f B and T lymphocytes in R,A. and normals

wag similar (approximately 85%7).
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Aliquoty of aylon passed (T) cells vere either non-ixradiated
or irvadiated at one of two dosages: 3200 rads (to elininate T
suppresgor eells) and 6400 rads (to eliminate T helpey and T
suppressor eells). The rational for choosing thoese dosages was
gutlined in the previocus chapter. 53104 nononuelesr cells were
culbtured in replicate oither ss T cells alone {cither non-irradiated
or irradiated at 3,200 or 6,400 wads) or an B cells alone, or in
a 11l ratio.combination of T cells {vhich were cither non~lvradiated
ox irradiated at 3,200 or 6,400 rads) with 8 cello, A4d1tlonal
cultures contained 105 waapavated mononuelear cells, Cells were
incuhated for 7 daya (pesk poriod of reaponze) at 37% n 1 ol of
REMY 1640 {(coptalning I glutamine) supplemented with 107 heoat
inactivated sheep red bloed cell sbsorbed fetal ealf gsoerum (Crand
Inlond Bfologdeal Company, Grand Island, New Yoxk) and gentanicin
50 megfnul (Schexing Coxporation, Renilworth, Hew Jersey) hoth with
and without PUM nt an optinal concentration of 1% viv (MM - Grand
Island Blolopgical Compony, New York, Lot #1540201). Oultures wore
contaland within 12 = 75 mm plastic tubes (Faleon Plastic, Cockeys-
ville, Maryland) snd madetained dn a hunddificd enviyonnent
contodndng 57 602. Followlvg incubation the eells vere vashed
threa tvimes in RPMI 1640, rosugpended in 0.5 mis of 8385 pH 7.4
following ceatrifugation (300z for § winutes at 4°C) and the number
of viable lymphocytes counted by a trypan blue stainfng wethed.
Imneneglobulin synthesis by 3 eells, unseparatad mononuwclear cells

and various combingtions of B and T cells was meagured using 2



reverse haemolytic plaque forming cell assay as described

in the preceding chapter. However, in contrast to earlier
atudies, a constant 100 ul volume of lymphocyte suspension
was used, being mixed with agarose and coated SRBC (as
previously described) prior to introduction into the assay.
Plaque forming cells were counted and exprassed per 10G viable
{by trypan blue staining) peripheral blood lymphocytes. Data
were analygsed by an unpaired t-test and p values less than

0.05 considered significant.

RESULIS,

Original data from replicate determinations are tabulated
in Appendix 3 (cultures No. 218-767), while individual means
for rheumatoids are tabulated in Table 10 and for normals in
Table 11. Results are expressed as plaque forming cells per

6 viable peripheral blood lymphocytes (mononuclear cells) ¥

10
SEM (the standard exror of the mean). Missing data points are

entexed as (~) while a result of zero is entered as (0).

A range of responses was described for each culture combin~
ation in both rheumatoids and normals, with and without pokeweed
mitogen. PFC responses #:ais unseparated lymphocytes in the
presence of PWM ranged 500 - 3,522 (+ PWM), 250 -~ 1289 (-~ PWM)
in R,A. and 820 - 6746 (+ PWM), 600 -~ 3750 (~PWM) in normals.
Responses for B cells only ranged 100 - 1450 (+ PWM), 0 - 1000
(=~ PWM) in rheumatoids and 59 - 775 (+ PUM), 50 - 450 (-~ PWM) in
normals. Reaponses for B + T (nonirradiated) ranged 850 -~ G600

(+ PWM), 250 - 1650 (~ PWM) in R.A. and 1200 ~ 5625 (+ PWM),
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100 ~ 3300 (~PWM). Responses for B + TBZGO ranged 600 -~ 5000

(+ PUM), 200 =15Q0 (~PWM) in rheumatoids. and 2208 -~ 16400 (+§HM),
429 - 7050 (-~ PWM) 1in normals. Tinally, responses for B +~T6400‘
ranged 200 - 3350 (+ PWM), 200 - 1550 (~FWM) in R.A. and 350 - 3650
(+ PWM) 100 -~ 18006 (~ PWM). Responses from T cells alone were
usually O,rarely above 130 and never above 250. Thus it was
evident that for each culture combination thexe was some degree

of overlap. However, a previously noted trend emexged i.e.
reppongaes from T cells were negligible, responses from B cells
alone were in the low range, responses from B + T and unseparated
lymphocyte cultures were in the mid range, and B & TSEOO + PWM
cultures had a range, the upper extent of which in normels

axceeded that of all other rheumatoid and control cultures. In
order to compare results from rheumatolds and normals group means
% the standerd error of the mean (SEM) were calculated (Table 12),
and enhancement factors derived by dividing the PFC response for
B+T

3200
Jndividual, 1.e.

+ PWM by the PFC response for B + T + PWM for each

Enhancement factor = B + T3200 + PWUM

B4+ T 4+ PEM

Hean responses from T cells cultured alone were negligible
in both rheumatoids (< 50) and normale (< 50) indicating effective
separation of B cells from T cells. These minimal responses were

unaffected by T cell radiation at a dose (6400 rads), wvhich would
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TABLE 12 - PFC RUSPONSE AND RADIATTON ENHANCEMGNT IN

RHEUMATOLDS_AND NORMALS (GROUP MEANS tsEM)

comg:cg%rim ON  PuM PFG/106 PBL t smEM
NORMAL (n=14) R.A. (n=13) P
UNSEP + 2923 T ws2 1602 ¥ass NS
- 119k ¥ 333 663 ¥153 NS
B " wy * o6 576 121 NS
- 233 £ 43 20 £ 76 NS
B+ T 21y T w8 2361 Tuo NS
- 833 T 2m 609 122 NS
B4T'3200 + 6731 T1055 2552 ~%66 <0.005
- 2278 % 508 200 <126 <0,025
B+IAH00 + 1569 x 280 1361 i'309 N8
- 83 T 550 133 S
T + 3 < 20 R -
- 3 < 20 0~ 0 -
T3200 + 25 = 16 7 %o -
- R o ¥o -
T6400 N B T o2 o ¥ o -
- 10 L 9 0o < o -
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H

functionally deatroy any contaminating B cells together with

T suppressor and radiosensitive T helper cells, and can there-
fore be taken as the background response of the assay. Hataévcr,
aince plaque numbers were multiplied to derive responses per

106 PBL they actually represented the presence of very few

plaques.

Reasponses from & cells cultured alone were similar in
rheumatolds (576 i'121) and normals (427 ¥ 61) in the presence
of PUM and were comparable in its absence (260 b 276 and 233 ha
43 respectively), although at lowev response levels. When non-~
irradiated T cells were cocultured with B cells there was
significant (approximately four-fold) enhancement of irmmuno~
globulin synthesis (¥igure 21) by both rheumatoids (2361 iy 440)
and normala (2147 K 3i8) in the presence of PWM as well as in
its absence (G99 i3 122 and 833 r 231 respectively). Again there

was no statisticaliy significant difference between the two groups.

However, when T cells weve irradiated at 3200 rads prior
to coculture, further marked enhancement was noted (over B + non-
irradiated T reaponse levels) in immunoglobulin synthesis in
normale (6731 + 1053), whereas in rheumatoids enhancement was
abgent or wminimal in ninety per cent of patients studied (2552 ¥
366). Fven in the absence of PWH, enhancement was noted in normals
(2276 = 598) but not in rheumatoids (700 % 126). These differences

in radiation enhancement were statistically significant both with,
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B+T B+T3200  B+*Tgago

FIGURE 21.-~ Immunoglobulin synthesis (P¥C, mean * SEM)

in lymphocyte cultures from rheumatoid and
noxmal subjects with and without pokeweed
mitogen.
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(p < 0.005), and without, (p < 0.026) PWM. Enhancement factors

in rheumatoids varfed from 0,71 =~ 2,6 (mean 1l.1) and in normals
from 0.98 ~ 8.4 (mean 3.53). (Table 13). While ranges in the

twe groups overlapped it was evident that the majority of normal
subjects had an enhancement factor greater than 2, a value which
was achieved by only one rheumatoid. In the majority of rheuma-
toldas enhancement was less than 1.5 and often less than 1. (Using
the enhancement factor calculation, a8 value of < 1 represented no

enhancement) .

Vhen T cells were drradiated at 6400 rads prior to coculture
regponses were leas than with cultures of B + non-irradiated T cells
but greater than reaponaes from cultuves of B cells alone. There
won o gignificant difference in responses hatween rheumatoids
md normals both wigh (1361 ¥ 309 and 1569 ¥ 280 respectively),

and without, (555 + 133 and 583 © 140 respectively ) PHM,

lesponses from unseparated lymphocytes were alnilay in both
patients (1692 ¥ 338) and nowmals (2923 ¥ 752} . Although uvnntinmu-~
lated responses were lower in rheumatolds (663 = 153), there was
no statistically significant difference between patients and controls

ass T 333y,

Thus atatistically significant differences in imnunoglobulin
synthesils hetween the two groups was shown only when 2 cells were

coculiured with T cells irradiated at 3200 rade. The doses of
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TABLE 13. -~ LEHHANCEMENT FACTORS FOR RHEUMATOID AND
HORMAL SUBJECIS . (RANKED)

Rheumatoid Arthritis Noxmal
131 2.6 ke 8.4
BL 1.3 ds 7.2
V3] 1.2 1g 6.9
DM 1.2 Jh 3.5
BF 1.2 db 3.2
58 1.01 ac 3.0
114 0.93 we 3.0
EB 0.95 W 2.8
SW 0.91 cn 2,7
B 0.85 wm 2.4
724 0.76 ja 1.9
J¥ 0.71 nb 1.9
bw 1.6
el 0.98

HMean = 1.1 Mean = 3,53
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irradiation used produced no ahservable alteration in cell
viability, which was bettar than 28% praculture and 70% post~
cultura for combinations of 21l cell types (lrradiated and

non-lrradiated),

Waile it was avident that a range of responses oxigted
for both norsale sad rheumatodds, it wes clear that radiation
enhancemant was defactive In the rheumateld population (Figure 22).
The relationship batween radistion snhancement and several variables
(drug therapy, dioease duration, disease activity as reflected by

BSR, sox, age and rheumatoid factor status) was examined.

A roview of drug therapy (Table 14) 1dmntified those theuma~
tolds taking only non-ateroidal anti-inflammatory agents (8), the
siople subject taking acetaminophen (1) and those toking a non-
staeroidal anti-inflammatory ageat oo well as praduisone or a
reuittive agent (4). Subszeguent analysis by drug therapy (Figure
23), Zalled to review any consistent relationship between any
particular dyug group and the degree of radiation enhancement. The
parinum enhancement factor of 2.6 was observed in a patient (LH)
on a non-stercidal anti-inflammatory drug, while a complete fallure
of enhancement was recorded in a patient (EB) receiving no anti-
inflammatory medication. HNone of the controls used in the present
study were on medication at the time of study, however, evidence
will be cited later to indicate that normal subjects on non-steroidal

anti~inflammatory drugs show normal enhancemont.
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FIGURZ 22, - Conparlson of enhancement factors in
normals and rheumatoid arthritis.
{En~ = Inhancemont Fallure)
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TABLE 24 - DEMOGRATHEG PROFLIES ANI
OF RUEUMATOLES o '

PEUTTC REGTHE

NS

PREATHERD, REEINEN

PATIENT  NSALD PRED CHLORO- Au/DeP AGE SBX DISEASE ISR R
QUIN, DURATTOW
. {(¥Yrp)
it + v w + 66 P 4 60+
Ji + - - - 79 P 0.5 5 -
By + - - - 6 M 16 P
Bl + + - - 59 by 17 &6 ¢
1 + - - B 0w 10 B0 ¢
fi3] - - - - P 11 W -
S5 + - ~ - B6 0.kt 50 +
H + - - - 31 iy 4 13 @
B + -+ - + g 23 29 +
DB 4 - - - P 0.8 L6 +
CH .a + o + é2 ¥ 27 4
84 + o - - 5 M 0.3 LS Y
DM + - - i L) i 8 4 +
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FIGURE 23.~ Correlation of enhancement factor

with drug regimen in rhewnatold arthritis.
(En- » Enhancement Pallure)



- 205 -

When disease duration was considered (Figure 24), no
association was found with radiation enhancement. It was noted
that in two patients who had had the disease for four vears, one
had an enhancement factor of 2.6, whilst the other was 0. It
was also noted that a patient who had had the disease for sixteen
years, had a minimal enhavcement of 1.2, while two patients who

had had the disease for only a few months showed no enhancement.

The erythrocyte sedimentstion vate (ESR) determined by the
Westerpren method was used as one measure of discase activity
(Pigure 25). No assoclation was shown between ESR and enhancement
factor; wild, mederate and marked elevations of the ESR all being
asgociated with no or negligible enhancement. Of two patiente
with an BSR less than 20 wms 49 the first hour, one showed an

enhancenent factor of 2.6 while the other falled to onhance.

Finally, no asaociation was shown between enhancement factor
and sex, age or rheumatoid factor status (Figure 26). Males and
females, and patients leass than 60 and greater than 60 years of
age showed equivalent ranges of enhancement factors. The highest
enhancenent factor was in a young seropositive female. Only two
seronegative patients were studied, both of whom failed to enhance,
Howeveyr, because of the small numbers, no inference can be drawm

from this finding.
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DISCUSSION.

The effects of pokeweed mitogen, T cell pre-irradiation
and coculture of B cells with ¥ cells on fwmunoglobulin synthesis
by B cells in this atudy were consistent with those observad in
ptudles i~-5., TLow responses from I cells alene and negligible
regponses from T cells alone, indicated effective cell separation
in this T dependent B cell responac. Uquivalent degraes of
enhancement in lunmnoglobulin oynthesis observed ln rheumatoids
and normals when B cells ware cocultured with T cells, indicated

that thaese cells were capable of responding to T helper signals.

Significent (greater than x 2) radiation enhancement was
noted in the majority of normala but in only one rheumatoid. It
wag weasonable from the evidence cited previously to suppose that
in normal culture, optimal dose radiation destroyed a functional
aubset of lymphocytes whoaa net effect was that of suppression
and that this manosuvre tipped the regulatory halance in favour
of help. Thin effect was not ohsarvad in rheunatoids suggesting
several possibilicies.

1. Decxeage in the nusher 6! function of suppressor T cells.
2. Decrcease in the nuwher or fonction of helper T cells,

3. Dacrease in the number and/ox function of helper and
supprogaor T celle,

fe B eells vere rostricted Iun thelr capacity to respond fo
halper signals,



5¢ Rheurstold monoeyies were reduced in numbere oxr functions.

6. There was a fellure In the release or action of Importont
soiuble helper factors.

7. The obsarvad reapouse was a lahoratory artefact.

¥Yhile hypofuncticnal supprossor cells have been roported
by other authors, this defoect alone would not adequately account
for the vesulte of thig study. Although radiation enhancenment
may fail as a congegusnce of Irradlating already hypofusctioning
suppressor cells (ond thus producing no alteration in the help/
pupprassion balance), the observation that responsas £rom rheuns-
toid cocultures of B and non-dyradicted T cells were the sane,
rother than greater than these from nommals, suggoested aliersatlve

explanation.

If help alone or help and suppression both were restricted
(but not absent) elther because of a reduction in anumbers or the
function of caells, then coculiure of nonliradfated T cells with
B cells would be expected tv enhanee thae B eeil only response,
while cocultuze with T3200 celles wight not heve any siguificent
adddtional cffect. This responge would be consistent with the
ckserved vesults. However, 1f theumatold B cells were hypo~
regpongive Lo helper sigasls, or 4f R.A. monocytes were restricted
in their activity, ox 1f B4, T cellsg foiled to relwase potent

goluble helper factors in the normsl amount necessary for effective



- 211 -

call-coll communication then the effects would likely bo

seen as a reduction but not absolute absence of helpax activity.

A final consideration was that the observed vesponsas mipht
be a function of the method umed, rather then due to immono-
regulatory differences hetween rheumatolds and normals. Several
authnrszﬁﬁ' 267, 268, using rat lymphoid tissue and human peripheral
blood, have recognized that some cells having suppressor activity
adhere to aylon wool columns and thot while some of these cells
might be wonocytes, others are likely suppressor T cells. Saxon

1€)
269 have suggestad that the suppressor function of aylon

and Btevens
wool passed cells da not daflfclent unlass the suppressor cells are
already activated., It therefore appears possihlae, that the non-
adhervent (nylon wool passed) fraction is depleted of B cells,
monoeykes and a proportion of 1 cella. 'Thus a difference in the
adberence properties of rheumatold and normal T lymphocytes might
result in in vitro differences not tryuly representative of the

in vive situation, However, since reaponses from B cells alone and
B 4 non~irradiated ¥ combinationg were similar in this study in
rheumatolds sud nowrmals, it geemed improbable that differsnces were
artefactual, To further cvaluate the conpogition of the T cell
preparation being used, monocytes, Ty cells, OKDA+ aud ORTSt cells

were enunerated in subseguent experiments.
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A second consideratfon concerned observed differences in
radioresistanca with activation. It has been obmerved in
mice279' 2?1, that the radioresistance of cortain cells appears
to change with activation. %Thus, when conconavilin A generated
supprecsor calls ave pre-irradiated (prior to sctivation) at
optimal dosages, the loas of suppression 1ie much greater than
with the same doae of irradiation given 48 hours after activa-
tion. This ausgests that radloresistance is inereased in those
suppresaor ¢ells inducshble by Conconavilin A, Since T lympho-
cyten from rheumatoids and normels wea sinultanecusly irradiated
ot time O dn study 6 and the dose response curvees of rheumatolids
and normals were knowmn {study 5), thore was no opportunity for
any temporal effect on radioacnsitlivity to gomnfound the results

of this study.

Fre-lyvadiation of T cells at 6400 rads; resulted in a decline
of immmoglobulin synthesis from the lovels achieved with B + T3200
cedl combination to between those achioved fyow B cells and B + non~
Lyradiatad ¥ cella. Since the rasponse did not return to baseline,
the preaence of either a radioresistont population of T helper cells
or of a mininal helper affect of irradianted T ecells wan suggested.
Inmunoglobulin synthesis £rom ungeparated lymphocytes was similarx
in rhoeumatoids and normalsz, suggesting that optimal dose radiation
wan nacesuary to wuncover differcences; which could be detected with

this apsay.
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When examined within group, there was no correlation
batween the degree of radiation and enhancement and demographic
characteristics such as age and sex. Although all but one
patient was on anbti-inflammatory theraspy, there was no associa~
tion between the type of drug therapy and hyporesponsiveness,
suggesting that 1t was pot purely 8 drug effect. TFurthermore,
Keystone ot 2% in thelrx esssay noted no association between drug
therapy and hypofunctional suppressor activity. Normal responses
from a rheusatold on a nou~gteroidal antd-inflammatory drug and
in Chapter 11 a normnl subject on Ibuprofen support the notion
that enhancement failure cannot be atirihated to an effect of

therapy.

Thae lack of coxvelation with disessc duration contrasted
with the time ~ dependent obserxvations of Abdou et al, in that
in the London rheundtoids, hyporvesponsiveness wag seen at all
ilevels of disease duration. Although gerlel studies were not
conducted on the gsane patients, and while the erythrocyte
gedinantation rate is not a particularly rcenrate mcagure of
dipease activity, the failure to show any correlation botween
wadiation enhoncement and ESR sy indicate that the defect is
wrimavy or Af gsecondary, that 1t dvaes nirror discase activity.
Enandnation of the relationohip hetween énhancement and IgM

rhaumatodd factor stotus 41d not Indlente that enhancement
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failure was morae or less common in seropositive patients.

Thus, 1t was evident from this study that consistent
differeonces in radiation enhancenent axisted between rheunatolds
sud noymals, While vesults were wob compatible with the
existence of an izolatad defect in guppreasor T cell function,
there was a posaibilicy that hypozesponsiveness of the suppressor
T cell co-existed with othar defects. In order to further
gvainate the nature of this defeet in inmunoregulation, further
studles were planned Lo enumerste cells in the non-adherent
1 cell preparation and examine enhancement using a different

nanocuvre but the same endpoints.
SUMMARY

A raviey of the literature suggested that while several
fmmune abpormalitices had been described in R.A., relatively little
was known regarding regulation of the {omune response in this
disease. Since defectiva fmmuncregulation may account for several
obgervations, interest in this area 1is wmore thon casual. Several
workers, using concomavalin A pgenerated suppressor cells and
ovalbunin specifle PYC acsay asystems, have suggested that
suppraessor T cell activicy is abnormal in zheumatodld arthyitls.

To date, fmmunoregulation in R.A. has not baen systematically
examined uvedng the rovarse haemolytic plaque forming cell éasay
and manipulstion of lymphecyte subpopulations by optimal dose

radiation.



Imnunoglobulin synthesis was examined in 13 patients
with elussical theunatodd arthritis and 14 normal controls.
Regpongas were similar in rheumatoids end normals for each
cell combination (B cells 2lone, T cells &lone, 3 + non-
Irradiated T, 8 % 76400, unaeparated lymphocytes}, with the
exception of cocultuves of B cells with 13200 cells, where
a fatlure of vadfation enhanceoment was noted in rheuxatoldds,
Theve was no evidenne that this cahancement faillure was
related to type of dyrug thevapy, dlseases duration, dicease
aetivicy as rveflected by the ESR, ser, age, or rheunatoid
foctor status. The observation that iomumoeglobulin syntheais
wag ephanced by coculture with autologous non-irradiated T
cedla but not fuvither enbance by coculburae with 73200 cells
suggestad several possibilities: (1) decrense in the number
or fupction of supprepsor T cells, (2) decrease in the nuwdber
or functlon of halper T cells, (3) decrease in the number and/
or the functlon of helper and supprescex % cells, (4) B cells
were voastrietod dn their capacity to respond to helper gipnals,
(5) rheuwnatold monocyics were reduced in nuambers o functioms,
{4) therve was & fallure in the release or actlion of soluble
factors ov (7) the results were the result of lsboratory artefact.
The data 314 not support the presence of an lasclated % suppressor
cell dysfunetion although combined helper and suppressor dysfune-

tion ecould not he excluded.
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While several alternative pessibilities required evaluation
there was no evidence that the results werae artefactual.
However, the results of this study indicated a necessity to
further evaluete the number and function of invelved mono-
nuclear cell subsets and the release and potency of soluble

helper factors,
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CHAPTER 5

ENUMERATION AND FUNCTIONAL ASSESSMENT
OF T LYMPHOCYTES BEARING Fe RECEPTORS
FOR IpG (Ty CELLS)

(STUIY 7)

INTRODUCTION
SUBJECTS AND METHODS
RESULTS

SUMMARY

i

H
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"When you cannot measure it, when
you cannot measure it in numbers, you
have scarcely, in your thoughta,
advanced to the stage of science, whatw
aver the matter be."

Lord Kelvin (1824~1907)
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INTRODUCTION

The existence of functional lymphocyte subsets has been
recognized since the development of heterologous antiser3272.
In the preceding chapter the functional capacity of lymphocytes
wag observed in a system dependent on the relative radio-aensitiv-
ities of differing subsets of lymphocytes. An alternative method
of exaﬁination i3 afforded by the recopnition that different
functional subsets of T cells vary in the types of Fc receptors
they express on their cell surfacesz73. While the presence of
immunoglobulin receptors on T cells has been previously noted in

274-278
e

ol y 1t 18 only relatively recently that their presence

on human T cells has been demonstrated>’ 202 Oonly a small
proéortion (less than 207%) have receptors for IgG (Ty), while up
to 75% have receptors for the Fc fragment of IgM (Tu). The
remainder lack detectable receptors for elther IgG or IgM. Fract-
ionating T cells with Fec receptore by their capacity to bind Igé
or IgM immune complexes, allows digsection of their function in

in vitro assay system3273’ 283, 28:*. Experiments conducted on

273 have demonstrated that while

normal human peripheral lymphocytes
T cells pre~irradiated at 3,000 rads are fully capable of providing
B cell help (intact T helper function), pre-irradiation of Ty cells
(3,000 rads) results in a loss of suppression in a normal differen-

tiation aystem. Thus it appears from a functional standpointiithat
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in normals the radiosensitive T cell and the Ty cell show a
common function and that these two manoeuvres manipulate
different facets of the same cell. This relationship has not

previcusly been exavined 1o rheumatoids.

Attention has been drawn to the effect of technical wvanip-
ulation on the expression and avidity of Fe~IgC raceptors on Ty

cellazgs. It has been noted that Fe~IgG receptors increase

after cell activationgyﬁ and decrense after cells are exposed

to immumne complexgazgﬁ’ 237. Furthermore, 5 to 15X more lympho-

eytes hava have bheen deteceted in dgolated E-rosetted preparations

than in unseparated 1ymphocytea£85

» and Ficoll~Hypaque has the
ability to induce B cells to generate lymphokineszas. Thase
studies indicate that the procedures used to ifsolate T cells may
resnlt in activation and alteration of receptor expression and
avidity., Horeover, low avidity Fe~IgCG veceptors nay bhe expressed
en 1 cells, and high avidity Fe~IgG receptors on L celis (non I
nen 7 populationa)zas, a fact which may result in enumeration
errors where there is a significant non~T cell contamination.
Finally, Pickelér and Braderzgg have described a transition of Ty
cells to Tu cells {and vice versa) and postulated that Fe-~-IgG and
Fo~-1gM receptors may not be markers for distinct T cell subsots,

but that certain T cells may oxpress both classes of receptors

at different functional stages. Using T lymphocytes from 11 healthy



volunteers, they studied Fe~IgG and Fe~IgM receptor expression
by a rosette technique employing Wovine red cells coated with
rabbit IgC (EA-IgG) or IgM (EA~IgM). Their results indicate
that (1) most T cells have either Fe~IgG or Fe-IgM receptors,
(2) that some Ty cells lose their Fc~IgG receptors spontaneously
in culture at 3700, (3) that most Ty cells lose their Fc~IgG
receptors after immune complex interaction, (4) that Ty cells
acquire Fe~IgM receptors in culture after Imnmune complex inter-
action, and (5) that simultaneous expression of hoth Fe~IgG and
Fc~-1IgM receptors is seen under certain conditions (since the sum
of Fe~IgG + and Fc-IgM + cells occasionally cexceeded 100%).

Brochler et a1290

developed a rosette technique using chicken
rad blood celis coated with rabblt anti-chicken erythrocyte anti-
bodies, to identify human mononuclear cells bhearing Fc receptors.
Since intact 7S IgG but not their F (ab;) fragments were found to
sensltise chicken erythrocytes, it was concluded that cells bearing
receptors for the Fc portion of IgG were being detected. While

1t appears that rosetting is not a feature characteristic of any
one gubclaas of lymphocytes, B cell and monocyte contamination of
high quality non~adherent cell preparations is negligible and
therefore cells detected by this method are a predominantly T
lymphocyte subset (Ty cells). Evidence will be presented to demon-—

strate that depletion of this subsef results in an alteration of

the help suppression balance.



R.A. Ty cells have recently been enumerated by Mathieu
et al,z%ging ox red blood cells coated with an IgG fraction
of antibovine RBC serum., There was no statistically significant
difference between the percentage of Ty cells in the peripheral
blood of 10 rheumatoids (10.6 = 4,67) and 12 normal subjects
{11.7 + 4%Y. However, R.A. peripheral blood Ty cells had a
greater nurmber and/or avidity of Fe receptors for IgG, than those
of controls. (There were significantly fewer Ty cells in rheunma-

todd synovial £luid (3.4 © 3%) thern in controls (10.1 = 1.6%).

A earlier report by Biberfeld 292, using a slightly different
method but still employing coated ox red hlood cells, indicated
that the peripheral blood Ty cells in rheumatolds yere Increasged,
although only 6 patlents wore enmumerated. The range for normals

in this study was also higher: 16 ¥ 37.

In the experiments which follow, modification of the method
¢f Rrochier et al was used to enumerate Ty cells in rheumatolda
and normalc. The effects of Ty depletion and/or irradiation were
conmpared to judge the functional comparability of lymphocyte
gubsats manipulated by the two manoceuvres, Finally, an extension
of Brochler et al's technique allowed the effects of serial
gubnaximal Ty deplaetion on immunoglobulin aynthesis hy B cells

to be studiad,



SUBJECTS AND METHODS.

Patlents selected for this study all had classic or definite

rheumatoid arthritis., Four types of euperiments were conducted:

(A) Ty enumeration.

Enumeration of Ty cells - 9 pptients with rheumatodld
arthritis (MW, BF, BL, HM, SS, HB, DB, 5W, DM) and
seven controls (nb, ke, db, jh, jd, mm, nw) were

studied (Appendices 1 and 2)}.

(3) Jrradiation of T and T nony cells.

The effect of drradiation of T and T now cells on
Inmunoglobulin synthesis by 8 cells -~ 2 rheumatoids
(BF, BL) and 2 normals (jh, jd) were evaluated.

(Appendices 1 and 2).

(C) Serial depletion of T cells.

The effect of rosette depletion of Ty cells on immuno-~
globulin synthesis by B cells - 5 rheumatoids (MW, 88,
M, HB, DB) and 3 normals - (nb, db, ke) were studied.

(Appendices 1 and 2).

(D) Combined serlal depletion and radiation.

The effect on radiation enhancement of serial pre-
depletion of Ty cells - 2 normala (db, ke) were

studied. (Appendix 2).

In order to conduct the experiments Ty cells required identi-
fication, separation and in some experiments serial depletion,
Enumeration (A) was conducted on T lymphocytes derived from study 6,
while in the remaining experiments (B, C, D) lymphocytes were
geparated from fresh heparanized peripheral blood by the methods

previously describegq,
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Enumeratilion.

Tdentification and separation of Ty cellswere conducted
as follows. Packed chicken erythrocytes (Woodlyn Laboratorles
Limited, Guelph, Ontario) were examined microscopically on
delivery for any morphologic evidence of deterioration. If cells
appeared healthy then they were washed three times in B,S.S.
Ewual volumes of 2% chicken red blood cell (CRBC) suspension in
B8S and 1/800 rabbit IgG anti CRBC (Capell Laboratories,
Cochraneville, Pennsylvania) were mixad at 3700 with constant
agitation on a rocker plaitform for 30 minutes, and washed three
times in 2% v/v bovine serum albumin (BSA) (Grand Island Biol-
oglcal Company, New YOrk, 14072) in phosphate buffered saline
(PBS) (ph 7.4) and finally suspended to 0.5% in 2% BSA in PBS,
Fqual volumes of 0.5% gsensitized CRBC and nylon wool separated
T cells (2x106 cells per ml) were incubated at 37°¢ for 15 minutes,
centrifuged at 80g for 5 minutes, incubated at 4°8 for one hour
and then resuspended. The mumber of rosette formipg cells was
enunerated by counting the number of mononuclear cells with 3 or
more adherent chicken red blood cells and expressing as a percent

of T cells.

Separation.

Separation of rosetted and non-rosetted (T non v) cells was
effected by underlaying the suapension with Ficoll-Hypaque (Sg 1.079 -~

1.082) and centrifuged at 800g for 12 minutes at 4°C. Rosetted
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cells wore pelleted at the bottom of the tube whilst non-rosetted

cells remaluvad above the Picoll-Bypaque.

Jarial Deplatilon,

Utilizing the above techniques by varying the volume ratio.
of sensitived CREC to unsensitized CRBC, sulmanivol nunbers of
rogetted T mononuclear cells ware obtained, and thereby T cell
pepulations waere serially deploted of Ty cells. Prior to addition
to eultures all cells were washed 1in EPMI 1640, centrifuged

(300 for § minutes at aﬂa) and resugpended in culture medium.

Pour cuperdnents wore conductod in the following manner;

A. Ty calls were enumerated at the same time as conducting
functional assessuont in Study G.

B? Thia experiment employed all the techniques used In Study 6,
but ¢ell combinations differed in thelr composition. leoé
B cells and Bxlﬁé T cells were still cultured io l:l ratio
combinations for seven days as described. However, additional
cobbinations were established of B cells with T cells which
had beon coupletely depleted of Ty cells (=T non y), and were
then either non irradiated or irradiated at 3200 oxr G460 rads
prioy to ceculture. The T non v purity of these preparations
was checked by attempting to rerosette some gauples. Yallure

of any further rosette formation, was taken to indicate that
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Ty cells hoave been effectively removed.

In this experiment, 1:1 ratio conbinastlon cultures of

leﬁé B cells and 5:1»:1.0'!’t T cells were established. Im
contrast to Study &, radiation was uot employed but instead
the propeviion of supprossor cells (Ty cells), in the T cell
fraftion was varied by the rogette deplation method described.
Thereafter cells wera cultured and immumoglobulin syathesis
neasured by the reoverse hesmolytie plaque forming cell assay

{sea Seudy §).

I the Lfinal oexperdisnt T cell suspensions wevae serially
depleted of Ty celis and Che remalulng population of lympho-
cytas either non ifrvadiatod or irxvadiated as 3200 rads prior
to coculture with B c¢elis (1:1 ratlo combination) as praviously
described. Ephaucewent factors were detarmined for palrs
(B + 13200 + PUM, B -+ T 4 PWM) of cultures &t each level of

Ty depletion between 0 and 100%,

{ ®* « PYM Lot No. L5K0201)
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BESULTE, ( Original data- Appendix 3- 768-913 )

(A) When enumeration of Ty cells was condueted undew Light
mleroscopy (vosettes bedng defined as thoe presence of
three or more chicken orythroeytes clustered around &
central human lywphocyte), a raage of percentages was
defined for aorxmals (8 to 26%) and rheumatolds (7 to 22%)
{Pable 15). Although the wean percentage wae higher for
normals (15.2%), 1t did not differ statisticelly from the
rheunatodd mean {12.9%) (Figure 27), When enhoncement
factors were plorted agalnot percentaves of coyresponding
Ty eells for rheunatofids and normals (Figure 28), no
covrelation vas noted.s In particulaxr there was ne evidence
that onhancement factors were low in those patients with
small muwbers of Ty cells. (an observation which would have
been conslstent with radiation having less effect on cell
sugpensions containing fewer radiosensitive suppressor cells).
The distribution of data points in this figure illustrate
diffarence in enhancement fLactors between the two groups hut
a sindlarity in the percentage of Ty cella. These data were
further evaluated by exanining fov any withln group associa~
tion of percentage Ty calls with E3R, age and drug therapy.
(Flzure 29). Since no seronegative rheuwnatolds were studied

in this feshion no comparison could he drawn between sero-



e 228 -

@

2T 2°% cQde 65T *®°C aCr = feat srems

8 ¥2'GT = Al bvmR
€T 8% 3TdE 060%  CA'S
€T g% Ecs AN g1 T % glgT  m'g
02 £8°0 €egr G9TZ  cd'H A w2 gzze gZRe  utu
&  10°% Ay A 22T *gs 9 8T o gz vl
AR M+ 0122 bge  “wH g1 949 0548 e  utf
g £°7 05T o T %2 2°c 0064 o052 et
2 21 Q04T ST &g 2 7°8 0045T Q6T ey
gz g9 0005 00%2  catH o 6°1 00907 (54> S A
g sz et HTrTAE iE L i+ 00 pue HEIHIME

TYHECH
“(HOIIVETEEL0 COL0vE IHIRGORV IS SIDBAVLINNIS) ST AL 20 BDILVemAle: = Gt G18vd




*SISELENS TVIECH AW VU NI NOIIVETRANT AL - [T TEADIA

SILIHH14YVY
diOLVINN3IHY TVINHON

] |

o

&) °®

o
i b ™
= o) °
& =
s o _e _

oo
o _

0€



- 230 -

CIVIEGH MV "V°d NI ¥oIovd
INTZONVENE pUv ALY NTIAMITE JINGHOIIVING - Q7 MNSIi

WMd+1+8 HOLOV4
WMdJ+002€) +g | LNJIWIONVHNZ
8 v € 4 L 0
| rr I T l _
_
| |
d oo |
o
° _ _
° o) _
L] o} “O —
[ ) ® _
o A
Vvdo _ -
Ne
| |
_
|

A

+3

» €—U3] —»

o
—

Lo
-

(=]
N

1]
N

0€

$T1130 )\J. %



*¥°E OI AQVEEEL 20uQ
GV 2oV “HSE HIIM ALY 30 ECIINTTEISIC - 62 RODIA

23

AINO XY (siA) 30V 4s3
d-d/nv Q3dd AivSN ON 09< 09> Ob< Op> 0
| J _ _ | | _ _
g
O O O
O Q o] o) O O
6] O
° oL
o O O
oo oo 00 Gl
o o o —0¢
O e} O
14




(5)

pogitive and seroncgative patients, It wag evident
that noeither digease aciivity as measured by LSRR

noy aga corvelated with the pereentage of Ty cella-in
any individual, Although Ty percentages were slightly
higher in twe patients on renittive agents, no
significance can be dravn becamsce of the small numbers
involved., Tt was evident that withia the non~ateroidal
anti~inflomuatory only group of patleants, thore oxisted

& ranze for ZTy

Ivradiation of T and T non y cells.

in this ecuperinent, pact of vhich was zeported in
Chapter 4, B and T cell separation was eifective as
indtlorted by o failure of the plugue responss in
prepoavations of T cells alone, snd low responses dn
preparations of 8 cells alone {(Tabla 16). When non-
irvadiasied T celln were added te 8 cells, snhancement
wag noted in doth rheumatodds (1637, 1037) ond normals
(2491, 2175 As reported radiation enhancement was
obsexved in normals (8750, 4194) but not in the patients
with rheumatoid arthritis (1665, 1332). When T calls
vere pre-~irvadiatad at 6,400 rads there was decline

in the level of the observad rasponse. Responses differed
somevhat in that In one case (IF) the decline was to
below the lavel obsexved from 1 cells alone, in one (3h)

to a level between that observed from B+ non-irradiated
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TABLE 16 -~ IMMUNOGLOBULIN SYNTHESIS IN R.A. AND NORMAL, CULTURES
CONTAINING TRRADTATED AND NON-~LRRADIATED T AND T NONy CELLS.

CELLS PUM R.A. NORMAL
8.L. B.F. Jehe  Jded.
T + 0 0 0 0
- 0 0 0 0
T NONY-3550) + - 0 - -
- - 0 - -
B+T + 1687 1037 2491 2175
- - 473 750 264
B 4+ T nony o+ 1765 1332 7768 5250
- - W75 2591 1750
B+ '1‘3200 + 1665 1332 8750 hioh
- - 392 2600 600
B+ T nONY 45 + 1775 111‘-5(; 8’?9‘2 5650
~ - 90 270 2000
B+ TéllOO o - 90 3000 1040
- - L2s 330 132
B4 T oY gy o+ 561 637 2025 1225
- - 315 800 50
B + 199 280 643 200
- - 100 i00 50
U + - - 3844 -
- - - 7h2 o-
ATy 8 8 18 15

U = Unseparated lymphocytes

PWM Lot # = 15K0201

Original data for Jjh and jd
in Appendix 3 (cultures 434-489),

Responses Ffor BL and BF
represent single determinations.



T cells and B 4+ T 3,200 cells, end in the f£inal case

(;jd) waes intormcdiate between that observed from I cells
alone and B + non-irradiated 7 cells, a response more
congiotent with that secen in pooled deta, Three import-
ant obhsorvations ware made with this experiment (Figure 30).
Flratly, 1t wes noted that enhencenent of Lvminoplobulin
synithesia could be achiaved in normals by the removal of
Ty cells prior to eoculture with B ecells and that this
aphancanent (withia the variability of the test) wao of
the sawme orvdar of mognltude as that achieved with pre-
irradiacion of T cells at 3,200 rads. Wihile rheumatoid

3 cells responded fo coculture with non-irradiated T cells,
no further enhancement was noted with cither irradiacion
or with cocultuve with T non y cells, Sacondly, when

T non v cells were lrradiated at 3,200 rads prior to
coculiuys with B cells cobeserved rveaponses in rheumatoids
and normals vere only slightly greater than those observed
with non-irvadiated T non v cells. From the original data
rablae 1t was evident that in one normal (jh) and both
rheunatodds (8L, BF) thoue differences could be accounted
for by waviatlon in observed responses from replicate
determinations, while in the other normal (jd) it was
slightly outwith test wvariation. Finally, in rheumatoids
regponses from B + T, b b TSZOO’ B4+ Tnony and B + % nonvazoo

corbilnations (+PHM) were similar.
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Serial depletion of Ty cells.

Effeetixn.call separation was demonstrated o these
expariments by the shgence of fueuwmoglobulin synthesis in
cultuvee contsining T cells alone, mmd low responses in
cultares containing B cells alone. Pokeweod wmitogen conslg-
tontly oohanced the observed response, as did coculture of
B ealls with son~dreadisted T cells, {Tables 17-24)., In
ordor to illustrate the method of assesalng the degree of
Ty depletion, the caleulation wsed for normal subject (db)
will be 1iluntrated. Uhen the sousitized o unsensltized
CIBC vatio wvas 01 {Bﬁ&% 4 PEM) . no vogettes Lormed and
therefore the nunbor of Ty cells remaining was designated
100 per cent. Hince no change bhad been affected 4n the

9 ecell population results approximated those in BHHPUM
culiurves (1931 versus 2,000). Thus these results wero
averaged to provide & mean response representative of the
presence of an dntact Ty cell population. When the sengl-
tleed to unsensitized CERC ratlo was 1:0 (BHDHRPWM) a
naxipun nueber bf rosettes formed (checked by the absence
of rvogette formation on attenpted re-rosetting), and that
percentage of rosettes (26X), was equivalent to 100 per cent
deplation. When an intermediate veduction in the voluma
proporilon of sengltized CRACs (1:2) was nade (B+E§ENM),
iess rosattes formed (14%). Since 20% was the umaximun

nunher of rosettes obiainable, 14% was 14 - 26 or 534 of total.
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TABLA 17 = SERLAL_ Ty DEPLETLON TN NORUAL SUBJECT (n.b,)

Ll o o Fave

CHLLS sfu’ % ocELIS v Ty 6
CULTURED ROSWITED  REMOVED REMATNING  PFC/107PHI,
n.be B4¥N - - - ' - RE0
BePW - - - - 100
T+PUH - - - - 0
PonB M - - - . 0
BHT4PUN - - - - h575
BHT=FIN - - - - 2100
B 4FN 130 11 100 0 8325
BT =Pl 110 11 100 0 050
B¢T2+PNM 112 () o LT 825
B PUl 1:2 6 e k6 2700
BAT 4P 14l 2 18 82 5375
B4T 3~1f*w:fi 1at 2 18 682 2450
BT 4P 1:8 0 0 100 5250
B+¢hyPWN 1:8 0 G 100 2080

* 8/0 = Sonsitised: Unsensitised
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TABLE 18 - SZ
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HLAL Ty DEPLETION TN TOGMAL SUBTEGT (a,b,)

CELLS st @ omis Wy ohiy p
CUTTURED ROSETTED  RIEHOVED REMAINING  PRC/10VPDHL
BPHN ~ - - - han
BePWM - e o - 190
TP - - - - o
TesPH - - - - 0
BaT4+PHI - - - - 2000
BaTwPlH - - - - 800
B‘i-'j.‘am_oﬂ““wiﬁ - - - - 6700
BATgpnqePHt - - - - 1500
BiflgyootPilll = - ~ - 800
Bl g o FUE - - - 460
BT, +PHI 1:0 26 100 0 G50
BT, ~PHH 110 26 100 0 1332
Bel,  4PH 150 26 100 0 7200

3200

#3/U = Senslticeds

Unaensitised
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TARLE 18 - SERLAL Ty DEPLETION IN KORMAL SURIECT (d,b,)
CONTD,

CRLLS sfut % omas gy ATy p

CULTURED ROSETTED  REMOVE REMATNING  PPG/107PHL

BT ~Fit 130 26 100 ¢ 1100
L3200

BT+ 1:2 ih 53 b 5100

BT, =PUl 1:2 1 53 7 #00

B, 4P 112 1 53 iy . 5800
3200

BT, WP 132 il 53 bz 1300
“3200

zzza»T?’*Pwm 1y i0 3] 63 4208

33+T3~3?‘d§fif 1l 10 8 &2 600

1%‘1‘3 +PUN 1 10 36 62 5150
2200

BeT,  ~-PUM 13k 10 38 62 200
3200

BT, U 011 0 0 160 1o

BE), =P 0¢1 0 0 100 800

D¥y,  HPUH 0sd 0 0 100 5300
3200

BTy, P 01 0 O 100 1360
3200

48/l = Sonsitiseds Unsensitised
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TABLE 19 - SERTAL TY DEFLETION IN NORWAL SURMECT (k.e,)
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CELLS sfu”  %omis iy sy :
GUELAURED ROSETTED  REMOVED REMATHING  PRO/107PHL
B‘i‘l“}g{@'ﬁ - S .. po i :‘3 5
T‘f’?%ﬂg il - e wia 0
Baa i - - - - 2204
o S - - o - DIKIG2
BT g0 G
5 J,?ﬂ‘ - ™ - b 34 .
B%fggﬂaif 14 220
BAE, +PUIS 1:0 B 100 0 e
BT, P 120 8 100 0 a859
“3200 )
BT +PHi 1e 3 7 63 66737
BP,, P 1o 3 37 %, TBEY
3200
}3’4»33,3-%1’%% 1alt 1 12 88 4320
3»:{?3 4P ek 1, 12 88 B5118
3200
B@‘I‘wﬁw 04 0 O 100 2028
BT, 4PN Ol O 0 100 603
3200 |

%30

= Sensitined: Unsensiticed
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TABLE 20_- SERTAL Ty DEPLETTON IN RHEUMATOLD SUBJECT (M.W.)

GELLS sfu' % cELLS A %y 6
CULTURED ROSETTED  REMOVED REMAINING  PFCL0
B+PWM - - - - 650
B-PWM - - - - 150
T4PUM - - - - 0
T=PUM _ - _ _ 0
BAT+PUM - - - - 4600
B+T=PUM - - - - 4900
BT, +PWl 1:0 22 100 0 3650
BAT, <P 1:0 22 100 0 1750
BAT, HPUIY,. 1:2 13 41 59 3500
BT ,-PHl 132 13 Iy, 59 800
B%TjﬁPWM 0:1 0 0 100 3250
B+T.-PUl 0:1 0 0 100 1000

#3/U = Sensitised: Unsensitised
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¥

SEITAL, Ty DEPLETTON TN, _HUBUNATOLD sumyser (8.5.)

CELLY w b CELLS  JBIY g 6
CULTURED s/u ROGETTED  REMOVID REMATNING  PFC/107FRL
B4PIM - - - - 125
BN . - - - 0
TH+PUM - - - - 0
PeePUH - - - - 0
B+T4PUM - - - - 2171
Bl WM - - - o 938
BHT, +PU 1:0 9 100 0 22h0
B+‘1‘1~PI'H~§ 1:0 9 100 0 608
BT #PHH 1:2 8 88 12 2281
BAT Pl 112 8 88 12 750
BAT. o +PYH 134 h laly 56 2125
33+T3~1>mi 13l) b il 56 563
BT, +PUM 011 0 0 100 2h95
B, -PHH 031 0 0 100 813

*3/U = Sensitised: Unsensitised
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TABLE. 22 = SERLAL TY DEPLETLCH TN RUEUNATOLD

CRELLS Ly B CELLS  EIY Ty 6
CULAURED s/u ROSEITED  REMOVED REMALWING — PPC/10°PHL
Hole B4PUM - - - - 286
BwPHH - - - - 0
TP - o - 0
R e - - 0
BAT4PIM - - - - 2593
BadPal i ™ - - - 1000
BifT, +PH 1:0 7 100 0 2393
By \1 wPHH 10 7 100 0 1000
BT P 1:2 6 85 15 2357
BT, Pl 132 6 85 15 929
BAT Pl Lsh 1 Al 28 2160
BAT g Pl Lsh 1 % 86 1071
BTy, +PH 021 0 0 100 2hot
BATy, ~PHi 031 0 0 100 1500

8
$/U = Sensitised: Unsensitised
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TABLE, 23 = SEHLAL Ty DEPLETION IN RIEUMATCID SUBJRCT (H.B.)

CELLS x  BOEIES @R My N 6.
CULTURED s/u ROSETTED  REMOVETD WEMAINING  PRC/107 PIL
HeB, B+PUH - - ~ - 500
BBl - - - - 100
TP - - - - 0
TP - - - - 8
BHT4PUN - - - - 3048
B4T~PUI - - - - 1400
BT, +PH 130 20 100 0 5200
BT, U 130 20 100 0 1050
BAT+PHI 1:2 9 45 55 "G50
BT P 1:2 9 hyg 85 1100
B +PHM 134 Ly 20 80 3550
B+’I';-1".«~II\’1 13l 1 20 80 1100
B2 4P 138 0 0 100 2950
BTy, =Pl 1:8 0 0 100 1050

e . N -
8/U = Sensitized: Unsensitised.
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TARLE 28

LIV

TS

WAL Ty DEPTAITON 11 RHOUNATOLD

we 253 -

SURS BT

CELYS

% CELES

Ty

CULEURED 5 /z:f* ROBEVIED  REMOVED REpATHING  FFe/ 10001,
BHPURS - - - - hoo
BwPHE o~ - - - 200
TPUM - - - - 0
TPl - o - - U
BeTHPHY - - - - 25050
BT P ~ - - - 550
B+, +PUH 1:0 15 100 0 2850
DTy U 1:0 15 100 0 600
BAT o HPHH 182 I 26 7 225
BT Pl 1:2 b 26 7h 500
BT 4P 1aly 4 20 80 2725
BAT =Pl 1k 9 20 80 550
ﬂ+¢hﬁywm 1:8 0 0 100 2200
By Ul 1:8 0 0 100 500

&
$/U = Sensitised: Unsennitised
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Tharafore 100-53 or 47% Ty cells remained. A further
reduction (B¢w3+ PN in the volune proportion of
sensltired CRECe (1:4) resulted In even less rosette
formazion (10F), and by subtraction a groatar pPropoye

tion of unrosatted Ty cells (622) ronalned.

fhan the 2y depleted T lymphoeyie populations were
culiurad {a3 previously described) in a L:l ragio with

B oealls (APHM), the vesulting PFC responses reflected

the effects of sevial depletion of Ty cells (Flguxe 31).
With the dnftial addition of T eells (LOOY Ty vewaining)
B cell regponsey wvere enhancad to an equivalent depgree

in rheumatoida and normals. llowever, with subsequent
serial Ty depletion, responses differed hetwesn the two
groups. In normals thore wag progressive enhsncenent of
the B eell vasponse as Ty {(suppresasor) cellas wvere removed,
indicating a shift in the help/suppression balance In
favour of help. Mowewver, in rheumatolds (with one excap=
tion) there was no such enhancenont &g Ty cells wers
gerially depleted. Uhen Ty cells were completedy depleted
PFC responses in noraals were greater than 6,000 PPC pex
166 PEL, while in rhoeumatoids they were below 6,000 P¥C
e o 106 PEL, and with one exception below 4,000 P¥C per

10% pon.
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Examinacion of equivalent PUM deficient cultures, indicated
that this enhancing effect of Ty depletion wag not obszervable,
and thai curves bétwean 0 and 1007 depletion were essentlially
£lat dn both groups., This inddecated that P activation of

lymphocyites was neceasary to detect between group differences,

Conbined serxrial depletion and radilation.

In two patients in whom pairs of T cell suspensions were either
nen~irradiated oy ivradiated at 3,200 rads, following varying
degreas nf Ty voewoval (=Tn) the effeci of rvadiation over and
above Ty removal was observed (Table 18.19), It wos evident that,
when no Ty cells wemoloed, no additional enhancenent could be
achleved by irradiating the vemaining T non vy population (as had
been previously observed) (Figuve 32). UWhon the Ty population
wag completely intaect tho enhouncing effect of radiating the

T cell suspension was maximal (greater than 3), in accordidnce
with pravious obgarvatlons. Moroover, when submazimal aunmbers of
Ty cells wvere depletad, irvadiation of the remaining population
rosultaed in degrees of radiation cnhancement, proportionate to
the sunber of remaining wrosetted Ty cells. Thus when faw Ty
cells remained dn the cell suspension radlation enhancewcnt was
low, and whon a lavge asucdher of Ty cells vemained, radiatdion

cenhancenent was high,
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DISCUSSION,

It wag evident that the CRBC rosetting technlique was capable
of defining a range of normal for the proportion of Ty cells and
could be utilised in menipulating T cell populations, to allow
deteétion of differences existing between rheumatoids and normals.
The Initial enumeration experiment indlcated that the proportion
of Ty cells was similar in the two groups. In particular no defleit
or excess of Ty cells in rheumatolds was detected. Since no rela-
tilonshlp was shown between the proportion of Ty cells and enhancement
factors in either vheumatoids or normals it was treasonable to
conclude thai the radiation enhancement failure in rheumatoids
could not be accounted for by a numerical deficiency of cells having
suppressoyr activity, Had radlosensitive Ty cells been present in
reduced nunbers in rheumatoid T cell preparations, a failure of
altevation in the help suppressor balance with ifrradlation would
have been anticipated. This, however, was not the case and
picluded pumerical but not functional abnormalities of Ty cells.
Fhrthermore, this result suggested that the adherance (to nylon
wool columns) of R.A. and normal T lymphocytes was simllar and
that the laboratory artefact referred to in the last chapter was
not present. Within the wvange of Ty cells for rheumatolds, no
assoclation was shown between any particular proportion of Ty cells

and age, dlsease activity as measured by ESR or drug therapy.
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Trom the second expariment, it was evident, that eguivalent
degraes of enhancement iun normals and non~enhancement in rheuna-
todds could be achleved by pre-irrediating T cells at 3,200 rads,
as by complete Ty depletfioa prior to ceoeulture with 3 cells.

This suggested that the radiovsensitive cell and the Ty cell were
likely the mame cell. Sinece no additional evhancenont over

4 T non vy was noted vhen T non v cells wore also Lrradiated at
3,200 zads vrlor to coculiture, this suggestion was strengthened.

In one instanee a slight increase (conaidered to he outwith test
varfiabilicvy) dn the PPC response was noted, suggesting the
pogeibilicies of radlogsensitive T non y suppressor celleo, incomplete
yvemoval of vadiosensitive Ty cells or undervestimation of the
varintion in the teat. In any aveni nuwbers were too small to
allow conclusion teo be drawn, although the last poseilbllity was
wost ldkely, The observation that suhaacements 1n rheumstolds and
normals were sinilar to those dn Study 6, and thot equilvalent
regponses o T cell drradiation and Ty depletion were neoted within
groups, sugieatad that the phyaical reusoval of suppressor cells

by Iy depletion providad a useful. alternative nethod o irradiation

in the study of lumunoregulation.

In the third ewxperiment, sorial Ty deplotion resulted in
progressive increame {n the PFC response in normalsa, Indicating a
definite supprenssor role for the Ty cell., Since enhanconcot was

not observed in rheunatoids who were known te have normal nunhars



)
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of Ty cells, 1t waz auggestaed either that these cells were hypo-
functional, or that T helper activity or B cell vesponslvencas
were limited, or that move than one form of cell dysfunctilon
was in avidence. Pokeweed mltogen was necessary for the idonti~
fication of bhetween grouﬁ differences, Iindlicating 2 necessity

forx lymphoeyte cctivation.

Finally, in support of previous cvidence, obpervatious in
two nommal subjects, that the less the degree of preculture Ty
depletlon, the greater the degree of vadiation enhancement of
the PFC wesponse (when the partially depleted T cell suspensions
were also irradiaced at 3,200 rads priocr to coculture) indicated
that the radicgengitive cell and the Ty cell had functional

ginilarvicy and were wost probably the same cell.,

A wifying conevept would be that the great majority of
cuppressoy T cells are both radiosensitive (at 3,200 rads in
this laboratory) and algo bear Te receptors for the Fe portion
if Igf on thely curfoce. However, a minority of such suppresgor

calls may be radiosensitive 7 npony cells.

Thervefore, in accordance with the finding of Mathiea et al,
normal nusbers of Ty cells ware present in rheuwatoid peripherxal
blood. The spuppressox activity of this funetional subpopulaiion
was confivead and the possibilicy of radiation enhancencnt

faillure in R.A. due 0 a diffevential uylon wool adherance artefact
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or nurarical deficiency of Ty cells excluded. The significance
of restrlcted in vitwo imaunoglobulin synthesis by R.A. D cells
wag strenpthened by coaffmmatory observatlons using a differeant
mothod.  Thus having excluded a veduction in the number of
suppressor T cells and laberatory artefact as explalning the
defect, attentlion was next dirvected to enumerabing monoeytes

&b and OETAE and OKTAH cells.



SUMIARY..

The CRBC rosette assay detected cells(ly) whose nat
functional activity was that of suppresaion. No differences
exloted in the proportlon of Ty cells iu rhoeumatolds and normals,
While T3,206 and T nony cells enhanced the PTFC xesponse from
B eelis in controle {(over and above that of €oculture with
nou»irzadiaeedli calls), no such additional enbancewvent was
observed in vheunatolda. PFurthermore, the resulis of irradiation
of T nonmy cells and frvadiation of T cell suspensions partially
dapleted of T cells in normals suggested that the Ty suppressor
eells was also  the vadiosengitive supprensor cell. The failure
of enhancement noted in vhewnateids may have been due to restricted
B cell funciilon, T helper cell hypofuncition, or conblued T helpey
and T suppressor cell hypofunctilon. Since Ty cells were haown ©o
be present in oornal nunbers in rheunatodds and the reszponse of
D+ T -k PWM cultures In Study 6 were the same in both controls
and pacleonts, Lt wag wnlikely that the problem wag one of lsoleted
T guppressor cell hypofunction. ¥Finslly, 4o ordey to obsexve
enhancenent in the PFC response, not onlky must T suppresalon be
reduced (by radiation or Ty depleidon) Lut there must also be
the facllity for B cells to increase lemmmoglobulin synthesis in

response to T helpaer sipgnals.
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CHAPTER 6

MONOCYTE EBNUMERATION

(8TUDY 8)
INTRODUCTION
PATTENTS AND METHODS
RESULLS
PISCUSSION
SIRMARY



'evsees dn time, the amount of knowledge
neaded before a now discovery could be

made would hecome g0 great as to shsorb
all the best years of a sclentists 1ife,

go that by the time he reached the frontier
of mowledge he would be genile,”

fertrand Rusael
"The Scelonce to Save us from Sclence™

The New York Times Magazine 1950,



MONOCYTE ENUMERATION

INTRODUCTION .

The important role of the wonocyte/macrophage in the fumune
responge has been described in Chapter I. Progevlitor stem cells
differentiate into monoblasts, then prononceytes apd f£inally inte
monocytes bearing Te and complenent receptors. Mature monoceytes
are releaged iunto the peripheral blood where they circulate and
aventually seed diffevent tisaues, where they differentiate into
tisaue wmacrophages. The circulatory monocyte (constituting 3-8%
of blood leucocytes and having a eirculatory half-life of 8-24
hours) ig 10-18 wum- in diameter, has a large cenirally located
nucleus and in Weight-stalned premparations an abundant greyish
blue eytoplasm containing small amurophilile gtanulesgga. Circul-
ating monoc¢ytes together with tissue nacyophages (histlocytes,
¥upffer cells, alveolar macyvophages, sinusoidal ilining cells,
Type A synovial cells, peritoneal macrophages, osteoclasts and
microglia), constitute the mononuclear phagoeyte systom (MPS).
The “normal” macrophages may transform into inflammatory macro-
phages (activated macrophages, eplthelial cells and glant cells)

when given appropyilate signals.

Peripheral blood wonocyte counts estimate the nuvmber of

circulatory monocytes (which may show low amplitude osecillation),
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but does not account £for the marginated pool which may constitute

up to 75% of the total. An increase in the number of eirculating
nonocytes hhas been described in various conditions, a.g. tubercu-
losis, syphilis, typhoid, rheumatic fever, SLE, R.A., neoplastic.
disease, ulcerative colitis and Crohns, post splenectomy, cirrhosis,
and aarcoldosis etc. and 1s common in neonates. An increase in

the nunbeor of monocytes may be achieved by demargination and/or
increased production, the latter (in mice) being partly under the
control of a thermal labile protein (molecular welght 18,000 - 24,000

deltons) called FIM (Factor Increasing Monocytopoeisis).

Macxophages are capable of endocytosis (pinocytosis and
phagoeytosis), and the intracellular digestion of particulate matter,
They possess surface veceptors for IgG

and LgG, but not IgG, and

1 3
IgG& (there helng some evidence for IgM receptors under certain
conditilons) and for GSh and 33& ag well as nonspecific particle
receptors. In addition to its phagocytic role the macrophage is

also secretory, releasing severel enzymes and bioloplcally active

factore, gome having regulatory activity.

Once a wmonocyte arvives at a site of inflommation {e.z. R.A.
gynovium) it undargoes a nuwber of morphologic, metabolic and

functional changes In becomdng an activated macrophage.
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A. Struectural

)
(2)
{3
{4)

Larger

tove mitochondria and lysosonmes
More cytoplasmic vesilcles
Incrassed menbrane ruffling

B. Hetabolic

L
(€3]
(3)
(%)

Increased incorporation of glucosaming

Inereased herose vonophosphate shunt activity
Increased resplratory rate

Alteratilons in various enzymes

(a) Increasad content of acid hydrolases

(b) Increased content of lactate Hehydrogenase
{c) Decrease in plasma membrane 5' nucleotidase
(d) Increase ia plasma membrane adenylate cyclase
(e) Synthesis and secretion of ncutral proteases

. Functional

(1)
{2)
&)
(4)
(5)

Accentuated glass adherence

Increased pinccytic rate

Increased phagocytic capacity

sugmented ability to kill certain sdercorganisms
Augmented tumorieidal capacity.

Ae noted earlier there iz reasonable evidence Lo suggest
that this cell not only presents sutigen to the lymphocyte and
thereby initiates the immune response, but is also implicated in

determining in part the specificity of that remponselez. Thus

Rosenthal et gl

102 using two atrains of gulnea pigs were able to

domonstrate that the macrophage participates in the expression
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of genetic control of the lmmune response., When immunized with
insulin strain 2 guinea plgs reacted only to the A chain, while
straln 13 gulnea pigs reacted only to the B chaln. However,

when Fl (2x13) hybrids were fmmunized with insulin and their

T cells subsequently isolated, it was observed when these cells
were cultured with macrophages f£from either parvent strain, the

T cells responded only to the A chain in cultures containing
strain 2 macrophages and to only the B chain in cultures contaln-
ing strain 13 macrophages. Thus it appeared in this system, that
the macrophage electively determinel the specificity of the immune

response,

Unanualoz has drawn attention to the role of the Iat macro-
phage in the immune inductive stapge of an lmmune response to
listeria monocytogenese organisms. In the early part of the
response, T cells adhered to activated Iat monocytes, while 24 hours
later Ia-~ macrophages were noted to have micxobicidal properties.
Thus in the listeria wmodel Ia positivity was considered a marker
for inducer (helper) activity in macrophages.

It was originally claimed that the PWM driven anti SRBC
response was independent of monocytes45. This claim was based on
the fact that when cell preparations were depleted of monocytes to

1% or less, there was still a substantial PFC response. However,

another interpretation of this finding, is that only a very small
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number of monocytes are required for the reaction to proceed.
Monoeytes are comnonly depleted by one of two techniques:

(#) Adherenee technique (b} carbonyl iron mapnet technique.

The forwer method relies on the physical property of wonocytes

to adhbare to a glass or perapex surface. However, substantial
nunbeys of B cells are also adberent and therefore 1f an attempt
is made to reduce mouocyte contanination to 07 there will bhe a
significant loss of § cealls. Thus any observed difference may
be attributable to vemoval of B cells with & particular adherence
characteristic, rather than removal of monvcytes perx 36294‘

The carbonyl iron magnet method requires that mononuclear ceill
guspensions ave incubated with carbonyl iron prior to being
prassed through a magnetic field., Phagoeytde eells vhich have
ingested iron are then attracted out of the preparatlon. Total
removal of wonocytes ls unusual by elther wethod, there Leing

up to 3% contamination of the resultant cell suspensions with the
adherence technique, and up to 2% with the carhonyl iron methodés.

An cbaervationigb which requires further evaluation is the

differential effect of partial versus complete monocyte depletion.
It has baen noted that partlal depletion of monocytes results in
gigaificant enhancement of B cell difforentistion, whereas total

depletion rasults in a fadlure of differentiation. n the basia
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of this evidence the authors postulated the exlstence of

monocyie nedlated suppression of the I celld response,

It 15 evident from the forepoing discussion that the study
of monocyte/lynphocyte interaction ls hindered by the technical
difficulty of obtaining monoeyte-free lymphocyte and lymphocyte-
free nonocyte cell suspensions., There are, however, several
methods for quantitating nonocytes in peripheral blood. The
wost commonly used method is based on the morphologic appearance
of Romanowsky -~ stained smears and relies heavily on the skill
of the chservear. Two methods relying on cell function are those
of latex bead phagccytosisggé and cytochemical sta1n1n3297. In
the former, cell preparations are incubated with 1.3u latex
spherules for one to two houxe at 37°¢ in plastic tubes or fixed
to glass surfaces. HMonccytes are recognized by thelr capacity
to phagoceytose the particles - & process which occurs within
30 minutes in the majority of monoecytes., In the latter, cyto-
cheuical agents are used to identify intracellular enmymes, I
conducted three pilot studies in London comparing both wmethads
and dlscoversd several problems usiug the latex method. Firstly,
granulecytes as well as monveytes phagocytosed latex particles
and were often d4fficult to differentiste because of obscuration
of eell morphology by a2 heavy load of latex spherules. Hoxe
iuportantly latex particles adhered to the suxface of many cells
and 1t was not possible o dscertain vhether spherules had been

truly phagocytosed or were merely adherent to the superior or



- 263 -

infexior surface of the cell. Latex partiecles were often
stronuly adherent, and present in an excessive number, necessi-
tating rapeated cell washing prior to counting. Finally, resulte
lacked internal consistency when vopeated on the seme asmple

and disagreed with results obtained simulteneously with cyto-
chendeal metheds whilch were consistent. ¥or these reasons T
rajected latex phapoeytosis as an enumeration technigque. However,
other researchera using thorough washing techniques have found
agreement batween the two metheds, obaerving five to fifteen pex
cent nonweyte coempositice dn Ficoll-Hypague purified peripheral

blood mononuclear cellﬁzgs.

ey

Davis and Ornateinz vegognizad that the coupling of
pararosanlline hewazoniun chloride with phenolic compounds
produced a deep red brown azo dye, which could localize lntra-
cellular engymatic activity and was free from diffusion artefact.
This wmethod wae subsequently appliced in the ildentification of
acid phogphatase using pararosaniline as a coupler, demonstrating
& slguificant advance over previous histochemical wethods in that

: 20
it was simple and ﬁ@pvaﬁumablaaog‘ Yam ot al“gl

then applied the
techaique to the evaluation of enzyme activity in monocytes and
pranulocytes in hlood and tisaue smeara. Hongpeedfic asterase
activity was noted to be very strong in nonocytes and wegakeryocytes

but weak In granulocytes and lymphocytes. Furtherwmore, activity
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was ponernlized in monoovtes bat 1f present at all fn lympho-
oytes was represented by a small red-brown “dot"., It was later

L 14 mouse lyuph node preparations that lymphocytes

anoted
containing this dot were located principally in ¥ lymphocyte

areas and were infrequent in predominantly B cell areas,

guggesting a new method for differentiating T and B lymphocytes.

A mubsequent ﬂtudygﬂz in humans, showved that amongst Fleoll-triosil
seperated monouuwelear cells, 19.2% had a diffuse pattern, 61.87%
had disevete granules snd 19,27 no activity. Cell identification
techniques suggoested that 80% of 7 cells contained diserete
granules and that of the diffusely stainlng cells 207 wexe not
phagocytic., Moreover, 1f these cells ware incubated for 48 hours

then the nunber of esterase pogitive cells increased, aost of them

balng phagoeytic.

Tt hae been noted that praparasions can be gtored for two
to three weeks without loss of gtaining properties, and that Fileoll-
triosil separated cells have a lower nonspecific esterana activity

than unsaparated pariphersl blood cells. 8ince cytocentrifugation

)

procedures ave common place L1t has been suggautedQOJ, that prolonged
aly deying prioyx to stalining aad extension of lmmarsion tinme in
hezazondiuwn chloride improves stalning chavacteristics. In respect

of the B lymphocyte population, wore than 90% show no acwivity and



the renmoining cells show only dotsaga. Evidence from inhibitlon

asnsys sugpest that this staining reactlon fs depondent on
A-gaterades, Lt has baen quastioned wheither the - sbsence of
esterass activity dn T lyawphocytes fs a marker for T suppressor
cell functdon. At the present there is no evidence to indicate

that this 1 the casae.

Although 4u this thesis cell praparations have been roferred
to as periphoeral bleood lymphocytes (PBL), thay are in realdty
perdipheral blood menonuclear cells (PM), Jn that they contnin
not only lymphocytes but aldo monoeytes. In addition there may
be minoy contanmination with erythrocytes, platelets and granulo-
cytes. One of the sugpgested explanations for failura of radiation
enhancement ln vheuwmatolds is a reduction in the nuxber or
funetion of lumunocompetent monecytes, either as a feature of

the dimease ov as 8 rogsult of cell processlog 1n vitrvo.

This study was desipned o enumerate monocytes In the three
call suspenatons uged [unseperated lymphocyten, nylon wool passed

(1) and nylon wool adhervent (B)§ in rheumatoids and normals.
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PATIENTS AND METHODS.

Thirtecen patients with definite rheumatoid arthritis (Ci,
m, €8, W8, M8, JC, swl, NI, M8, RR, CF, TM) and 12 normal
subjects (nb, nf, ac, ds, du, bw, cr, db, emy jo, jd, ce) were
chosen for study. (Appendices 1 and 2). Lymphocytes were
harvested from 30mls of heparanized fresh peripheral blood by
the methods described in Chapter 4. Following removal of an
aliquot of unseparated lymphocytes adherent and non-adherent cells
wore separated using the aylon wool technique described in the
samna chapter. Following resuspension by slow vortexing a sample
of each cell suspension (unseparated, nylon wool adherent (B) and
nylon wool passed (T) lymphocytes) was thinly layered by pipette on
to the centre line of a glass mlicroscope slidé. Each preparation
vag allowed to dry in air. SIides were stained using a modifi-
cation of the cytochemical method described by Yam et allg7.
Primary staining was affected with a preparation of hexazonium

pararosanaline chloridce countex staining with 1% methyl green.

Proparation of stain.

Pararosanaline dye was prepared as follows. Three solutions
were required. (a) Phosphate buffer (b) pararosanaline hydro-
chloride (e¢) 4% sodium nitrite.

a) 1 litre of phosphate buffer was prepared by dissolving

1.72 grows of Rﬂz?ﬂ and 7.66 grams of Na

4
litre of distilled water.

2HP0é in one
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(b) Pararossnaline dye was prepared by dissolving
5 grams of pararosanaline hydrochloride (Eaatman
Company) in 100 mls of distilled water, and 25 mls
of concentrated hydrochloric acid whilst maintaining
the temperature of raagents &t 37°%. The resulting
solution was allowed to cool to room tomperature
and thaveafter f£iltered thewough a Nalgene vacuum

filtex.

(e) 25 wlo of 4% sodium niryite wera prepared by
disgolving 1 gram of sodium nitrite in 25 mls of

distilled water.

Thereafter the stain was prepared ss follows: Ol0mgs of
alpha napbthalacetate (Hastman Company) were disselved in 3mls of
Ethylene Glycol Monoethyl Lther (Zastman Company). 0.5mia of
thiz solution were added to 44,5 mlz of phosphate buffer with
congtant atirring for 3-15 minutes. The resulting solution was
whitae Indtially but cleared with continued stirring leaving behind
a vhite procipitate. To this golution was added 3 mls of a solution
propared by adding 2 mls of 44 sodlum nitvite to ! nls of para~
rosaneline hydrochloride. (These two reagents required mixing
for a period of 1 minute to allow hexazotisation prior to addition
to the phosphate buffer). The final golution was stirred for a

pearviod of 15 seconds. Thereafter the pil was adjusted to 6.1 by
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dropwise addition of IN sodium hydroxide. The solution was
then filtered through a nalgene vacoum filter and used within

a perlod of 2 hours.

Staining Procedure.

Alr dried slides were placed in a staining dish containing
50 mls of pararosanaline dye for a period of 45 minutes. There-
after the slides were washed with distilled water and allowed to
alr dry for half an hour. They were then counterstailned for
55 seconds in 17 methylgreen, rinsed again with distilled water
and allowed to air dry prior to mounting in Permount. Between 100
and 1,000 cells were counted per slide. Monocytes were identi-
fied by their size and the presence of deep red-brown colouration
(Figure 33). Lymphocytes were smaller in size, took up the methyl-
green counterstain and occasionally contained small red-brown dots.
Polymorphs also took up th& methylgreen stain but were easily
identified by thelr characteristic nuclear morphology. Monocytes
were frequently surrounded by several smaller round brown particles
which were probably platelets. The number of monocytes present
was expressed as a percentage of the total number of momonuclear cells

counted in the same fileld for each preparation.

Results.

Although the intensity of staining in both monocytes and
lymphocytes varied it was technically satisfactory in all prepar-

ations. It was obvious on initial low power screening that nylon
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FIGURE 33 - EHUMEBVrXOM OF MONOCYTES AND LYMPHOCYTES
EMPLOYING NONSPECIFIC ESTERASE STAIN AND
METHYLGREEN COUNTERSTAIN (Slide stored for
several souths prior to photography) .
MONOCYTES (M) APPEAR AS LARGE RED-BROWN CELLS
WHILE LYMPHOCYTES (L) APPEAR AS SMALLER GREEN
CELLS. (L) IS A LYMPHOCYTE CONTAINING AN
ESTERASE DOT.
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wool passed (T) cell preparations were depleted of monocytes.
Enumeration of unseparated lymphocyte preparations demonstrated
a range of values in both normnl subjects (9-31%)(Table 25) and
rheumatoids (11-32%) (Table 26). However, means were similar
{17.75% and 19.87%7 respectively), and there was subastantial over-
lap of the standard errors. There was no statistically
significont difference between normals and rheumatodds (Figure 34).
The percentage of monocytes in aylon wool passed (T) cell
preparationg ranged 1~4% in normal subjects and 0.5 - 4% in
rheumatoids. Similar mean percentages of monocytes were found

in normal subjects (1.4 ¥ 0.3) and rheumatoids 2.1 ¥ 0.3)
although they were substantially less than in ungeparated lympho=
eyte suspensions. Adherent (B} cell preparations from normal
subjects and rheunmatoids contained similar percentages of mono-
eytes. Although ranges were broad (2.51 and 3.41) mean values
were similar (17.83 and 18.1) and standard errorsg overlapped.
There was no statistically significant difference between the

two groups. Finally, the percentage of monocytes in I cell and

unseparated preparations was similaz.



TARLE 26 - ENUMBRATTON OF MONQOYTHS Tif NORMAL SUBJECTS.

¢ HMONOCGYTIS

CELL FRACTION

Subjeot Unsep B T
n.b, 9 2 1
Mefs 16 16 1
BeCe 20 21 1
Aetsa 10 , 17 2
da.v, 15 15 i
DeWoe 21 32 1
CaT, 19 9 1
d.be 15 13 1
Coltey N 7 1
Js 0. 10 11 L
Jede 21 20 2
CeOe 26 51 | 1
MIAN 17.75 17.83 1.0
SHi 5.9 3.7 0.3
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TADLE 26 - ERUNERATION OF NONCGYPRS IN RHGUMATCID BURIECTS.

o MONOOYTES
JERETESITE PR e TR

CELL FRACTTON
Subjoot Unnep B T
Gelle 12 20 7
DN, 22 18 2
¢ n&; * :?... 1. 2. L!.
U, 38 »e ‘3

Haboy 1t 7 1
I‘IQB‘ 18 3 1
J.0. 13 29 15

Sloy 11 L 0.5
¥, 21 2h 3
HaS 20 16 2
R.R. 25 10 2
¢, 23 29 3

T., 19 by 2

TTRAR 19.9 18.1 2.1

ar t1.8 I 0.2
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DISCUSSION,

Nonspecific esterase staining proved to be a siunple
method of enumerating mononuclear c¢ells in various types of
cell suspension., It was necessary to use the pararosanaline
dve within a fow hours of preperation otherwise staining was
wngatisfactory., It was not possible to reuse pararosanaline
dye (which had to be discarded after use) while methylgreen
could ba reused on multiple occasions. "Ghost" cells and
polymorphs were not included in the counts, these two types
of cell being sasily distinguishable from lymphocytes and
nonocytes, The functional status and viability of lymphoid

cells falling to take up methylgreen was unknown.

No differenceShetween rheunstolds and normals In the
proportions of moncecytes in any of the three cell suspensions
were observed In this study. It was reasonable to conclude
therefore that the radiation eshancement faillure observed in
rheumatoids was not due to a numerical deficiency of monocytes
in rhoeumatoid cell suspensions. However, the functilonal status
of monocytes in rheumatoid cell suspensions wag not evaluated
and could have been abmormal. It wae anticipated that B cell
preparations would be monoceyte enrviched in view of the adherence
properties shared by these two cell populations. The faet that

B cell preparations were not enriched suggests that a signifi-
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cant nunber of moncoytes warve tyapped on the nylon wonl column.
Howaver, this loss was equivalent in bhoth groups, Finnlly,
passage of unseparatad lymphocytes over nylon wool resulted

in an almost monoayte~fres T call suspenslon.

SUMMARY .

The porcentagescol wonoeytas in the three principal cell
suspenslons used in previous studics [unseparated, nylon wool
papged T) nvlon wool adhorent (8)] were found equivalent
between rheunatodds end nornals. Unseparated and B lympho~-
cyte suspenagiona contained larnger nuwbers of monocytea than
T cell suspensiong, vhich contained vexy few. In particular
it was evident that monouvytes were not differentieolly depleted
in the preparation of rhewsatoid cell suspensions. 1If indeed
only a small percentage of wmonoeytes were required for the
PYC response, then monocytes weye present in mors than adequate
numbers. Vhile no diffexence in the proportion of monocytes
was domongtyated nothing could he concluded regarding the
funetional status of these monocytes. It was evident that
failuye of radiation enhancement waz not duc o numerical

deficlency of monooytes,
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CHAPTER 7

ENUMERATION OF Ia+ T LYMPHOCYTES.

(STUDY 9)

INTRODUCTYION

i

PATIENTS AND METHODS

RESULTS

i

DISCUSSION

SUMMARY
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Yortia dura coqult

(The brave man digesta hard things)

Richelieu 1585~1642.
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INTRODDGTION .

Realization of the potential importance of Ia? cells
enarged f£rom obaservationsg of the genetic control of fmmune
responges in rodents. HMeleviit and Eenacerafﬁ305 demonstrated
single gene control of the Lmuune response in gulnea plgs to
tha linear awinc acid homopolymer poly-i~lysine. Subtequent

warkagﬁ’ 307

resulted in identification of the T reglon.
Farcheriwore, 1t was recopnlized that there were subregions which
had differing effects on responses to specifie antipons, In

particulayr the I-J subregion was noted to have suppressor

aotivity.

Using gpeclfic alleantisera a nunber of I reglon gene
products (Ia sntigens) hove beon defined in the mouse and guinea
plg. These antigens are enpressed on ¥ lymphoeytes but also on
monocytes and zore subpopulations of T c811$308. Ia antigens
on T cells are serologically distinct frowm those La products
on B calis, Products of the I-J and I~C subregions have been
found ansociated with suppresgsor T cells and soluble suppressor
factors, vhile other producie of the I~J subraglon and I-A
subreglon have been associated with helper T cells and soluble
hedper factors. While the precise relationshlp Letween Ia

antigenn and immune response (Ir-l) genes has not been defined,

it is clear that these antigens play a role in immune response
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nechandsns, ainco anti~Za aara ivhibit various in vitro assays
of lyaphocyte funciion, absorb various soluble T cell factoxs
and eliminate cextain specific functional subpopulations of

T and & lymphocytes and monocytes. -

T wegion gene producte pley an lmporxtent role in the

309 310

mixed Lymphocyte reaction {MLR) and grait versus host reaction
(GVIIR), In hoth reactions it iz thought that T-A and I~E sub-
region products provide the principle atimulus which Induces the

developmant of cytotoexie T 1lywmphocytes.

i region genes have been noted to have an effect not oaly
on the immune response of individual cell types but also on the
interactions which occur between differeant cell types. In respect

of the former it has haen noted Denacerraf and Gowmain 307 that::

{(a) Contrel of apecific lmmune responses by Ir genes
is reastricted to T dependent antigens, there being
no record éf control over T independent antigens.
{b) In cases of Ir gene control of antibody responses,
the stimulation of spacific helper T cells appears
o be a criticel step determined by these genes.
{¢) Furthermore, it is postulated that the developuent
of B cell memory is under Ir gene control, since it

i3 dependent on helper T coll function.
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(d) It has been observed that in sclected (vodent)
systems, Iy genes have a definite and reproducdble
affect on the type of antibody produeedall’ 312,

#lthough the mechanian 1s unclear.

in respect of the 1atter307:

{a} In the last soveral years it has been shown in

313 and mice314, 315

guinea plgs that I ragion gencs
control antligen presentation by macrophages play an
important role in this phenonenon. Turthermore,
macrophage la antigens contribute to the specilfi-
city of € cell clones stimulated,

316 have indicated that Ir genes

(b) fxperiments in mice
play a eritical role fu T cell- B cell interactions

ag wall as monocyte~ T cell interactioms,

It con be scen from the foregoing evidence, that I region
genes can detemnine a variety of recognitive and regulatory
functions of the immune yesponse. The mechanism of recognition
is not clear, but may depend upon two cell receptors, one
recognizing a specific antigen and the other an T reglon product,
or on a gingle receptor capable of recognizing both. The nature
of the receptor is unknowm, although immuno-precipitation
techniques have discovered two polypeptides of 29,000 and 34,000

daltons which together define components of Ia antigens. The



o 201

D locus genes of the human MHC have been considered functionally
equivalent to the I reglon genes in the mouse. Yovestigation
has been more difficult in humans, and although there has been

substantinl. progress made, underastanding 1s still incomplete.

Human fa antigens were initially vrecopgnized with multiple
pregnancy afora as 8 gerles of LA linked alloantigens primarily
ropresented on B 1yﬁmb9cytemai7. Leter thoy wore detected by
hataro-antizera railsed agadiost doolated protein from cell
mgmbramas318¢ Hot confined to B celly, Ia antligens have been
recognized on monooytes, sone T calle, procursors of myeloid
and arythrold call series, lovkemie blost cells and epidermal
Langhans cells. A rocent ﬁtudyalg evamining Xa beering T lympho-
cytes In normal humans using abgorbed thodamine conjugated rabbit
antd L ontiserum, found that 1.7 - 8% of purificed (99.5%)
peripharal blood T cells vore Ia pesitive., Yhen T cells were
aetfvatoed by eulture fn conditionced medium, 96% of cells subseq-
vently expresced Iz ontigens, sugpgesting either that ia positivity
was induced or that it was acquived from the conditioned medium.
The Ié* T ilymphoeyte population was shown to contoin cells
rasponsibla for the geveration mflallagenaic helper activity,

since alimination of Iaﬁ'cells using anti Ya antiserun resulted

in losa of help to an allogeneic I cell preparation. Additional
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mviaanca32ﬂ

, using different methodology, suggested that

nore than one subget of T lymphoeytes could be activated to
exprass Ia antigens, and that this phenomenon was due to de
novo expresslon of Ta antdgens on Ia T calls, rather than

a consequence of clonal ecxpansion of a small subset of Id*
cells. Furthexmore, T cells which falled to proliferate on
expopure to soluble antigen did not enxpress Ia like wolecules,
Hot all authors, however, have recognized Ia+ calls amongst
320

resting © cell populations .

¥unkel's grouple have carried out enuneration experiuents

in nomeal subjects and in patients with theumatold arthritis.
Uoing a divect fluorescence assay employing F{ﬂh”)g fragments )
of rabbit anti-La antibodies, a nopmal ronge of @-6% Iﬁ+ T cells
vag defined for the normal population, Almost all rheumatolds
exceedad the upper range of normal and varled from approximately
3-35%. Somewhat higher values were obtained using the name anti-
Ia vabbit antisenum by a bovine RBC rosette assay. It was
ohserved that patienta with a normal ausber of x#+ eelln were
clinically inactive. In these studies the Ty fractlon of normal
and thoumatold sublectmwas found to he enrviched (up to 50%) with
Ié+ cells, although they were algso present in sevhstantlal nmwcbers

in the non~Ty fraction 4in both gwoups. (The percontage of Ia+

cells onceeded the percentage of Ty cellse In some patients)., It
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wao of uote, that the small percentagegof ia+ T cells found
in normal suljects and discaeed individuals were primarily
gmall lymphocytes, whereas the high percentages of Ia+ T cells
found following in vitro stimulation were almost entirely due

to large blastold cells.

The exect ovipin and signiflcance of lat T cells vemaing
£0 be elucidated. The obaervations that Id+ T cells ave
incraased in several active disease states (vheumptodd arthricis,
systende lupus erythematesus and inflammatory bowel disease)
md that a marked inereace follows the administration of tetanus
toxeld or PPD suggest that these eells might be recruited iato
the eirvculation following entigente stimulation., Since it is
not knovm how selective a fraction the Ty fraction really is,
it is premature to draw any conclusion from the observation that

Iaﬁ’cellm are more common in the Ty fractionzzl’ 32z

s although
not cénfined to this fraction. While Ia positivity in macro=-
phages has been considered a marker for inducer (helper)
activity in mouse/listeria monocytogenes model, evidence for
aimilar significance in the human T cell 1s less compelling.
Since Xa positivity has been assoclated with cells having both
helper and suppressor activity, it ds possible that the level
of Idb cells in peripheral blood is merely a nonspicific index

of immune stimulation and does not identify a single functional

subset of mononuclear cells.
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The proportions of Ia* ealls in nylon swel passed
(T lywmphocyta) auspanﬁiaﬁa from rhewmatoids and nowrmal sublacts
wers egummrated in Londen, in ordor to define any differences
betveen the two groups. The study was designed to be deperiptive
and no attenpt wos made to axanine the Ia* call content of the
Ty and T nomy fractions. Bince the signifilcance of Ya positivity
i 111 defined, it was realized prior to the commencement of the
study, that should differences be discovered between the two
groups, thare would be difficulty 1o aseribiug o them their true
ioportance. The objectives of thias study were (o) to enumerate
the mutbaxrs of xa? ¢ eells 1n rheumatoids and normsls and (b) to

confira the findings of Kunkel's group usiug a different technique.
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PATIENTS AND METHODS.

8ix patlents with classical rheumatoid arthritis (CF, RR,
M8, NI, T, S¥) and six normal controls (mf€, jd, db, jo, ke, ab)
wvere chosen for study (Appendices 1 and 2). T lymphocytes were
geparated from 30 mls of frash haparanized blood by the Ficoll-
Rypaque centrifugation and nylon wool separation methods
praeviously descyibed in Chapter 3. Following washing three timos
in RPML 1640, non-adhavent (1) lymphocytes were enumerated and
then veoguspaended in WPMI 1640 to a concentration of 5x105 cells
per rl (500 cells pew wmicrolitre). Haumeratioa was conducted
on HLA typing trays wder paraffin oll (in order to prevent drying
of the prepayxation). Tor esch subject, one drop of mineral ofl
was pipetted dnto each of glx wells. One mlcrolitre of a 1 in 100
dilution of menoclenal anti~Xa antibody (New England Nuelear)
was introduced by a Uamllton miecxopipette into each of four wells,
while ) microlitre of RPMY 1640 was added to each of the two
vemaining wells. Then, 1 mlcrolitra of T cell suspension (500
cells per wilcrolitre) was pipettad into each well, caxe helng
token, as with the Initcial preparation to introduce the pipette
under the layer of paraffin oll prior to ejection. The typing
tray was shaken gently by rubbing it over the under surface of
a2 hemogglutination tray in ovder to mix lymphocytes and sntiserum.
The praparaicion was then incubated at voom tewmperature for forty-
five minutes, following which 5 mlevolitres of rabbii complement

{Cedarlane Lgboratories Ltd., Hornby, Ontario) were introduced
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by micropipette to each well and the tray shaken gently to

mix complement, entiserum and lymphocytes. Thereafter the
preparation wvas incubated for one hour at roem temperaturc,
following whiech 1 drop of eosin was added to aach well to stailn
the preparation. After 5 nminutes, one drop of 377 Formaldehyde
was added to each well to fix the cellns, A microscope cover

6llp was then placed over the top of all wells and the bhottonm
of the tray flooded with pareffin oil to praevent drying of the
preparation., The prepavations were enumerated under an inverted
nicroscope, at least 100 cells being counted in order to deter-
mine the per cent kill of 7 lymphoeytas io this cytotoxiclty
agsay. A killed cell (Id*) was recognized by 1ts dark colour-
ation vhile viable (Ia ) cells were pale in colour. The payr~
centage kill was determined fa this fashlon for each of the wells
eontaining antl-Ia antiserum as well ag the two control wells
containing only lyaphocytes and RPMI. Values from control wrells
were subtyacted from test wells to give the actual {(control

eorrected) anti-Ia antiscrum-dependent parcent Rill.
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RESULTS.

Under the iaverted microacopae killed aund non-~killed
lymphoeytes were sceattered about the bhottom of each weil. In
avery case the percent kill dn wells contailning anti-Xa antdl-
garmun exceadad that iv control wells. When corrected fox
control kill (RPML wells) a range of Ia+ T cells varying from
0.9 to 3.25%, with a mean of 1.74% was observed in normal
subjects (Table 27). With one exceptlon, normal subjects were
halow 2,254, The range of peveent Idk T calls in rheuwnatolds
varied from 2.25 to 98 with a mean of 4.14%, Mo rheuvnatoids
vare onumeratad as bolng below 2.25%. The most active rheunts
toid (M.8.) had the highast percent of Iu+ T cells (93). 'Thus,
whila thers was some ovarlap in the ranges of the two groups,
530% of rhewmatolds studied were above the upper limlt of the

range of normal In controls., (Wigure 35).

This study indicated that a ronge of values exists for
both normals and vheumantoldds. The small but signiffcant (and
variab le) cytotoxicity in control wells, illustrated the
importance of such controlg. Although the magnitude of the
values differed from those veported hy other authozsl7 (possibly

reflecting a difference in techuiques), the observation of a
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TABLL 27 -~ ENUMERATION OF Id* T CELLS T4 R.A, AWD HORMAL,

HORMAL
Bubject %1&$ Contzol Control. -
Corrected Zia
me £ 2.75 1 1.75
Jeda 4 0.75 3.25
do.b. 2.7 0.8 2.2
3.0, 3.7 1.5 2.2
Koo 1.5 1.25 Q.25
n-aba lus Q..’..) 0‘&
MEAN 2.66 0,92 1.7
Subject %Idb Control Control
Corrected Zia
E‘.FO 505 1.5 4
ReRe 14.8 10.5 4.3
foﬂl - ll 2 9
Weke 3.8 kA 2.8
Tot‘i. a .‘!‘15 2-5
Gets 3 0.75 2.25
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FIGURE 35, —~ ENUMERATION OF Ia+ T CELLS IN
NORMAL AND RHEUMATOID NYLON WOOL
PASSED CELL SUSPENSIONS.
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high numbar of Iaﬁ'T cells in rheumatolds was confirmed.
Hurthermore, as has been previously repurted17, the most

aotive patient had the highest number of Ia+ T eclls. However,
theae results cannot be regavded as wholly satisfactory, since
the number of subjects evaluated was small, contamination with
5 cells and monocytes (also Ia+) although small was not defined,
ond the single active patient caanct be regarded as a trend.
Nevarthaless, the technique was standardized in both rheumatold
and noymal control groups andt therefove the results were at
leant consistent with previous reports. Serial study of a large
numbar of rheumatold and control sublects would be needed to
bhetter define the roange of Ia+ T cella in the two groups, and
to demonstrata any relotlionship betyeen disease activity iu
rhoumatoids oy intavcurrent 1liness ia contvols and the degree

of Ia positivity.

I locus genes lun humans are thought to ploy an equivelent
imounoregulatory role to I regilon penes in wice. Cells bearing
Ia gntigens can be recoguized using various anti-Ia antisera.

B cells, monocytes and sona T cells may bear such In auiigens.
The significance of Ta positivity on T cells has not been defined.
Tt is evident, that Ia positivity may bhe anpre%séd on praviously

Ta T eells, that both the Ty and T nony fractions contain Ia%
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calls and that In several diseased stotes, there is an increase
in the number of Id+ T cells parvticularly when the disease is
active, Farthermore, IdP nonocytes are believed to play a role
in the inductive phase of the lnmune response {(aee Chapter 6).
In this gtudy the mean pevceentape of Idp calls in avlon wool
passed suspensions was 4,143 in rheuratolds and 1.74% in normal
controls, The highest numbar (9%) of Id* T ecells was recorxded
in o patient with actiws discase. While the nwbers of Id%

T cells were less than repovted by othey workers (possibly due
to a dlfference in techniques), thae increased nusbers in rhouma-
toide (particularly with active dlsease) were consistont with
other reports. Serial studies using largar aumbars of suhjects
are requived to examine the relationship between disease activity

and the degree of Ta positivity.
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"And in the end
Are more beginnings than men
Shall name or know today."

Edwin Ariington Robinson
Merlin.
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INTRODUCTION,

It can be appreciated from the forepoing chaptera, that
davelopment of new methodologies allowed first the recognition
of lymphocytes amongst the total leukocyte population, then the
differentiation of B and T lymphocytes, and more recently the
definition of T lymphocyte subpopulations. It is evident that
various technligues have limitations and this is particularly so
in the identification of lymphoeyte subsets. It appears that
(a) T cell Fe recoptor exprescion may be uastable and transform

323

from Ty to Tp""", that (b} Tu cells in cortain clrcumstances may

324
have & net suppressor activityﬁg$, and {c) that gome Ty cells

may not be T cells at allazg. Having levellad these criticisms,
it is also truwe, that the technlques described no far in this
thesis, were capable of identifying diffevences in Ilmmunoregul-
ation between patients with rheumatoid arthritis and normal
controls, Iowever, the appearance of a new methodology which
accurately identified T cell subsets showing some degree of
functional homogeneity and consistency, offered substantisl

advantage in the study of helper/suppressor nwdulation of the

Immune response.

fiybridoma technology has developed over the last ten years
to meet requirements for large quantities of various defined

types of specific antibodies with uniform avidities. These
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monoclonal antibodies have been produced by various companies,
each competing on the hasis of producing antibodies with
superior performance (predictability, selectivity and charac—~
tevisation). The hybridoma technique lnvolves the fusion of
antibody producidng cells harvested from the apleens of ivmunized
mice, with a mound or rat myaloma cell, whiceh lacks the enzyme
hypoxanthine phesphoribosyl trém&fetasa. This metabolic defect
allows elimination of infused cells, by the addltlon of bhypox~
anthine, aulnopterin and thymidine to the cultures, after fusion.
Gells which have fused and proliferate are cultured at limitiag
dilutions in oxder to allow lsolation of individuzl clonea.
Products of these clones ave characterised and some e¢nlls there-
aftoy selected for perpetuwation. Thus, monoclonal antibedles
are produced by cells descended f£xom a single hybridoma cell

and have specificity for the antigoen used In the initial mouse

Immuaigation.

Permanent eell lines of nyeloma cells may be obtainad
gommercially or iunduced in the labotacory326. Specificity of
the monoclonal antibody produced is dictated by the antigen used

in dumundzing the mouse to genevate antibody secreting cells.

Historlcally the realizastion that certain animal viruses ilunduced
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the formation of multinucleated celis by fuaing together single
eells, provided a method by which Pyeloma and antibody secreting

cells could be fuaeﬂBZi.

Succeasful fusion between immunoglobulin producing wells
and non-immunoglobulin producing cells was achieved relatively
aarly on32§ while fusion between two types of immunoglobulin
producing cell has heen oxe racenthg' 330, 33l, It has been
demonstyated that the anew immwnoglobulin molecules produced are
the wesult of aized associations between heavy and light chains
fron the two parent caliazgl, a proceas which oceurs Intracel-
lularly. Thus in hybrid cells the expression of one isotype and
idiotyve does not exclude the expression of another. Turther-

more, it 1s pesaible to isolate hybwid lines producing different

antibodies directed agaivst the same antigen,

0Ff welevance to the studics heing reported, monoclonal
antibodles to T cell subsets have heen commercially produced by
hybridoma techniques, using human T cells as the antlgen used in
mouse lumunlzation. Varicus cowpanies have designated their anti-
bodies differently. Orthopharmaceuticals designate their products
OKT3, OKRT4, OXT5, OKT6 and OKTS8, while Becton Dickinson market
leu 1, Leu 2 and Leu 3. Orthopharmaceutical products OKTS

(moncclonal entibody directed sgsinst T helpsr cella) and OKTS
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{(monoclonal antibody dirvected against T suppressor cells) were
uged in the study to be later reported, since the product

appeared to have superior performance characteristics.

Several dlagonostic and thoerapeutic applications for

amonoelonal aativodies have heen suggested.

Diagnostic:

1, HMonitoring the efficacy and safety level of
imnunoregulaiery compounds in Phase 1 and Phase 1T
triala, This may result in reduced dryug dosages
and improve therepeutie declsion making.

2. YTmwune profile tests. Since abnormal proportions
of © cell subsets have been observed In several
discase states g panel of monoclonal antibodiees
may be useful in dlsecase differentiation,

3. Leuvkemia typing. Definition of subgroups and
differentiation of several leukemic states may be
facilitated by this mathodology. This may result
in eariier diagrosis and the defining of more eifective

forng of therapy for Individual subsets.

Therspeutic:
l. Prevention of graft or transplant rejection. Used
as an antilymphocyte agent, monoclonal antibodien
may offer advantage in suppressing the ivmune response

and preventing graft rejection,



= 298 w

2. Leukemia therepy. Speecific therapy directed
againat leukemic cells or T cell lymphomus offerg
significant advantage over the relatively non-
apeclfic forms of therapy now availlable. However,
any tharapestic use for monoclonal antibodlas

depends on thelr being sofe, ag well as effective,

Apart from clinlcal conmiderations, these antibodies have
been used to examine the ontogeny of 7 lymphoeytes. As previously

deseribed the earliest lymphocyte precursers lack meture T cell

2
e

sutigens on entering the ﬁhymussa‘. This 107 of thyate cells

are reactive with wonoclonal antibodies apti-T9 and anti-~TLO.

With maturation3339 thymoeytes lose 19, retain T10 and acquire T4,
T3 and T6. With further maturation TG iz lost and TL and T3
aéquired. Pinally in the mature thymocyie segregation occursaga,
elthar T4 oxr 15 heing lost ond two separate populations being
jdentifihble; those which are TL0 4, Tld, T34+, T&+ and those which
ave Ti0+, TIr, T3+ and T5+. Haxt, 1t appears that 710 in lost,
cdnce all periphoral T cells arve TI+, T3+ and TW0~, The T4 antigen
i8 expressed on 35 to 65 pey cent and V3 antigen on 20 to 30 per
cent of peripheral blood T cellsgas’ 336. Cells bearing the
combination of Thi, T3+, T4t ave considered helper T cells, while
thoge baaring the conbination of Tl4, T+, and TH+ are considered

suppressor T cells. Unlike maturing thymoecyten T4 and T35 antigens

ara expressed on mutually exclusive subsets of mature T cells.
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The activities of T4+ and TH subsets have been defined
in a number of ways. The proliferative capacity of the B cell
population to scluble antigens is contained within the T4 subset,
wh13& the response to cell surface antigens in nixed lymphocyte
cultures iovolves both Tot and THF populations. The Téé cell
rosponae to phytohemagglutanin is greater than that of 75t cells,
both populations reaponding comparably to Conconavalin A. The
cytotowic killer cell belongs to the T3+ population, not belng
recognized in the T4+ gubset, TiH+ cells have been shown to have
helpex/inducer activity in ©-T, B and T-macrophage interactions.
Thus T4+ cells can augment the cytotoxicity of U5+ effector cell,
without themeelves being cytotoxic. They can induce B cells to
proliferate and differentiate into fmmunoglobulin containing
plasma cells337' 338. Only the T4+ subast has been recognizod
as producing lymphoeyte mitogenic factor (LMF), which induces the
proliferatioa of all major lymphocyte subclasses, and T helper
factoxs which inftiate B eell twmunoglobulin aynthasiaaaa. It is
apparent that T4+ cells regulate the immune response by cell-cell
interaction as well as by the releasc of soluble regulatory
molecules. The TS5+ subset contains cells which aftex activation
with Conconavalin A supprass the autologous proliferative response

to nllo~antigansz3o' 336

production339. T4+ and T3+ subpopulations are programmed for

, and can suppress B cell inmunoglobulin
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their respective helper and suppressor function independently

of their ability to recoganize and react to nonspecific polyclonal
mitogens snd antigens, since both subpopulations reapond equally
wall to Conconavalin A but eanly the T5+ population becomes

gupprossive.

Recently the hybridoma antibody OKMI, haa identified two
distinet populations of wounocytes: an adherent population of
layge calle beaning Id+ deverninants snd & seon~-adbherent popul-
atlon of small To~ cella~'0, OKMI+ Ia” cells were found to be
contaminating most fractionated mononuclear cell suhsets including
the null cell population. In a recent comparigon of enumeration

"
&&chniques32)

, Relnherz et al drew attention to the lack of
correlation betwean T cell svbsets defined by wmonoslonal anti~-
bodies and those defined by Fe receptors. The Tp subpopulation
was ahown to contain both helper (OKT4+) and cytotoxic/suppressor
(ORTES) populationa and wos similar to the wnfractionated T cell
population. The Ty subpopulation contailned few ORT3IH cells
(monoalonal antibody ldentifying all T cells) or subsets defined
by OKT4 or OKT5 monoclonal antibodies. Rather, the Ty population
was compyised largely of Ta cells posseasing OKMI monocyte antigen.
Purthernove, OKT44 and OKTS5+ T cell subsets contained few Ty cells
but were comprized mainly of Tu cells. &ince Ty depletion has

beenn showm In a previoun chapter to result in enhanced immuno~

globulin synthesis from B cells, the absence of identifiablc
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suppressor cells in this subpopulation remalas to be tesolved.
Howevaxr, these obscrvations are coasistent with the notion
that not all Ty cells suppress and not all suppreazgor cells

are Ty calls.

Pyior to the dovalopment of the OKT serdes monoclonal

antibodiesn, &nti«“ﬂ? antibodies were used to study T cell aul-

populatione in a nuwber of dissase statesaﬁl’ 342. (Tﬁg+

corvesponds to OKTS and TH, to OKT4 in their froqueney of

e

oceurrence and funetional characterisation of T cells). TH2+

(suppraessor) cells vwore observed to be reduced in acute graft
versug host disease (GHVD) and were varlable (increased in &
and decreased in 2 patients) in chronic GVHDB) gince I“ontigens
were found on TH,.+ cells In two of the four patients with

2

Increased nunbers of TH?+ cells, the concept of In positlvity

as o marker of activity, vather than of a particular functional
subgsaet was streangthened. Decreased nushers of TH2+ cella in a
patient with auto-immune disease and increagsed numbers in a
patient with agammaglobulinaemia, supgestad that definable altex~
ations in functional subsets could be related to elilnical entities.
The degree of lyuphocyte activation was characterised by a pre-
dominence of Tﬂ2m Ta+ cells in the blood of the first patient

and a predominence of T, + Ieb cells in the second patlent.

Z
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OKT3, T4 and TS5 wonoclonal antibodies have been utilised
in the study of patienta with multiple 5c1er03153639 A reduction
of T8¢ eells was awoted in 73% of patdents with active multiple
gelerosis but only 57 of patlents with Inactive discase. In
4 patients serial analysec dewonstrated a correlstion between
the absence of the T5+ subset and dlseose activity, supgosting
that {rmuneropulatery abnormalltics contributed to the pathopenesis
of the discasa. Recontly Ceouppeng and Goodwiuaéé have cnumerated
T ecell subasets in rheﬁmatcid arthritie md normal subjects using
monoclonal entibodies. Tak T cells were found tn % x 6% of normals
ond 17 ¥ 137 of thaunatoids. In both groups they ware found on
ORMY4, ONT3- and ORMIS: OKXU34- eells. A substantial number of
Bevosetting (T) cells, stained with OKMEI auntibody in hoth groups
casting doubt on the specificity of this monoclonal anvibody for
the grammlocyte monocyte series of cells. OXYSF (suppressorf
cytotoxie) colls were decrasased in rheumatoids (28 + 3%) compared

with normals (36 & 27).

In the study which follows OKT4 (anti helper/inducer cell)
and OKTS {anti suppressor/eytotoxic cell) wonoclonal anttbodies
ware uoed in a microcytotoxicity assay Lo eanvnmerate T cell popul-

atdong in theumateid and normal, nylon wool passed cell suspensions.



PATIENTS AND METHODS.

15 patients with classical or definite rheumatold arthritis
(3¢, DM, MK, FM, DK, PL, €S, JL, SN, CK, EM, AT, RM, SW, TH) and
7 controls (d%, ac, unf, em, db, ke, ce) were selected for study
(Appendices 1 and 2). T lymphocytes (nonadherent mononuclear
cells) were separated from 30 mls of fresh heparanized blood by
the method of density gradient centrifugation and nylon wool
separation previously described. T cells were finally suspended
to a concentration of 500 cells per microlitre in RPMI 1640
contalning 57 sheep red blood cell absorbed fetal calf serum.
Single batches of OKT4 and OKT5 monoclonal antibodies (Ortho-
phamnaceutical Corporation) were aliquoted andfrozen. Repeated
thawing and refreezing were reduced to 2 minimum in order to preserye
antibody potency. Several dilutions of monoclonal antibodies were
tested but a 1 in 50 dilution of 1 mlcrogram/microlitre OKT4 and
a 1 in 10 dilution of 1 microgram/microlitre OKT5 were found to be
optimal. Enumeration by a mlcrocytotoxicity assay was conducted
on HLA typing trays, which were kept gn ice during preparation.
One drop of paraffin oll was plpetted into each well to he used,
in order to prevent drying of the subsequent preparation. Then
1 microlitre of OKT4 monoclonal antibody or 1 microlitre of OKI5
monoclonal antibody at appropriate concentration (see Appendixé)
was introduced into each of several test wells with a Hamilton

micro~pipette. One microlitre of RPMI 1640 was imntroduced into



coch of several control wells. Care was taken in introducing
veagenta to ensure that they were pipetted under the paraffin

oil. To each of the tost snd control wells was added 1 miexro~
litve of T ccll suspension (500 cells per wilcvrolitre), care agaln
being teken to cnsure that cells were plpetted undar the paraffin
oil. The typing tray was then shaken gontly by rubbing Lt over

the wndersurface of a hemagglutination tray in ordev to wlx celis
and antibedy. The prepavation was maintalned on ice for 30 minutes,
and van agitatad dn the above faghion for 30 seconds every 10
winutes. At the end of this tine, 5 wicrolltres of rabbit cowmplenent
YCedavlona Loboxatories, Hornby, Ontario) were added to cach well
in the aforementioned fashion., The tray was agltated initlally and
thon for 30 seconds every L0 miautes, Incubation belng conductod

at 37°C for a total of 30 minutes. At the ond of this tine, one
drop of eonin was added to evach well ond after 2 minutes one drop
of 37% formuldehyde. Thie procedure stalned snd fixed the cell
puspension. Vinally & microscope cover slip was placed over the
top of oll wells and the bottom of the typing tray flooded with
paraffin oll to prevent drying of the preparation., Introduction

of paraffin oil required considerable care in order not to intreduce
aiy bubbles, particularly in the region of the typing well. It was
important not to £lood the top surface of the coveralip as this

resulted in difficuly visuvalizing the cells by microscope. Trays



were read uader an inverted microscope. At least 100 cells were
counted in several different areas of each well and the average
percent kiil (cytotexiecity) determined in replicate. Killed cells
were recopnized by their dark appearance, whilst healthy cells were
hright and clear. Counting several areas of the well was important
since (a) killing was mot uniform and (b) the convex shape of the
botton of the typing well tended to result in a higherx

density of cells at the ddge. The cell concentration of 500 cells
per microlitra wog optimal for accurately estimating cytotoxicity
ainca a greater nunber of cells vesulted in piling up of cells at
the edge of the well and a cell density which prohibited accurate

nanual counting.

The nunber of OKT5+ cells woas comparem to the mumber of Ty
cells previously determlned. Howaver, in two individuala OKTS5+
and Tyt calls were enunexated simultaneously before ond after Ty

depletion.
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BUSULYS,

Ordginal daga arve displayed in Appendix 4. Wide ranges
of T helper (OKTA&4) and T suppressor (ONT54+) eells were identd
fied in Thownatold subjects (Table 28), but theve was no slgni-
ficant differenca between the numbers of OKT4Y cells in R.A.
(mean 46%, range 27-653) add normals (memn A42%, zonge 31-50%),
ov batween nunbers of QKT cells in R.A. (mean 154, range
3~-22%) apd normals {(mean 106%, rapge 9~21%), at the OXT4 concen~
tratdon of 1 4o 50 and ORTS of 1 in 10 (Figure 36). Serial
dilutions were not conducted on rhaumatoilds since dilution
expetinents conducted in normale dndicated the above dilutions
as being optimal to obsevve cytotoxnicity, f.e. lower dilutions
did wot produce significontly greater cytotoxieity while in
higher dilutloan eytotoxielty deelined, (Table 29) Ko direct
relationship was evident betweeon tha pereentage of Ty colls
(praviously determined) and the percentage of QKT+ cells in
aither rheumatolds or normale (Table 30). It was ohserved in
both groups that the percentage OKTS5+ cells could be either more
or less then the percentage of Ty cells. Overall ORTS+ and Ty
mean percentases in nornal subjects were eguivalent (11.6% and
11.5%), while in rheunsatoids the mean percentages of OKIS
celie (16.1%) excdeded that of Ty cells (10.5%). ot all
pationts wers enmmerated by both methods and therefore not all

pationts from Table 28 are represented,



TABLE 28 ~ BNUMERATION OF OWTA+, OKTIH4+ CELLS IH R.A. AND CONTROLS .

£CYYOTOXICITY (CONTROL CORRECIED)

ORT4 OKTS OKL4 OKT5
(1:50) (Ls10) (1:50)  (1:10)

JG 65 21 dg, 50 15
1038 49 19 ac KA 20
MK 36 19 mE 50 9
M b 22 cm &4 16
14 45 7 db 36 16
DL 55 11 ke AQ 21
cs 45 22 e 43 10
JL &0 21 MEAY :’:; {6
3N 52 17

CIK 60 10

M &5 &

AD 30 19

RM 51 13

oy 39 6

NG 27 3



PERCENT POSITIVE

- 308 -

70 F
.
60| d
.
H
50 |- . ad
*0e
. .
.
40 |- e .
° .
30| . ®
®
4+
20} ooo i
°
L
.
10 H e
[ J
®
[ ]
.
0 | | | |
RA NORMAL RA NORMAL
OKT4 OKT5

FIGURE 36 ~ ENUMERAYION OF OKT4+ AND OKT5+ T CELLS
IN R.A. ARD HORMAL SUBJECTS,



TABLE 29 ~ UFFECT OF DILUTION OF MONOCLONAL ANTLBODIES
OKXT4 AND OKT5 ON CYTOTOXICITY.

Z CYTOTOXICITY (CONTROL CORRECTED)

OKT4 OKT5
/5 1/10 /50 1/100 1/5 1/10  1/50 1/100
ds, 42 38 50 21 22 19 16 9
ac 46 42 31 7 12 20 10 &
mf - - 50 - - 9 - -
cm - - 44 - - 16 22 -
db - - 36 - - 16 15 -
ke - - 40 - - 21 - -
ce - - 43 - - 10 7 -
MEAN | 44 40 42 14 17 16 14 7




TABLE

30 - RULATIONSHIP DEIHEEN OKES+ AUD Ty CLLLG.

b s
t

7

13

10.5

OKT5
21
19
19
22

7
1l
22
a1
17
10

&

Arcuimt

16.1

eif
om
db
ke

&a

Mean

Ty ORTS
6 o
13 16
16 16
i1 6
i2 10
11.6 11.4
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In a single expariment where T cells were enunerated
with mopoclonal antibodies before pnd after total Ty depletion
by the ehicken rosette method previously deseribed, equivalent
percentages of Ty cells (127 and 117), OK¥S+ (L0 and 6X) and
O T4 (43 and 37%) cells wore present in two normal subjects
prior to depletion. (Table 30). The effectivenaess of subgequent
Ty depletion was confirmed by a total failure of rosatte
formatlon on veresetting (07 in both subjects). Following
deplation the proportion of OKT5 calls dropped significantly
(L0% to 0.5% in one subject and 67 to 2% in the other. Simul~
caneona with this the propoxtion of OKT4+ cells Increased from

A3 to 47% din one subject and from 37 to 47% in the other,

The ratilo of ORTHY to ORTS T cells was used to reflect
the help/auppresslon balance present in each individuael (Table 32).
In rhounmatolds the mean ratio was 431 (vange 1.6 to 9:1) while

in controls it was lower at 3.3:31 {ranga 1.9 f£o 5.6:1).

Although these differences were relatively small and there
was considerable overlap, review of clinically active patients
(Figure 37) demonstrated that the T4/T5 ratio (or helper/suppressox
balance) was higher in these patients (mean 6:1, range 3~9:1),
than in relatively inactive rheumatoids fmean 2.8, range 1.6-6:1)
or normals (mean 3.3:1, range 1.9-5.6:1). The difference in
ratio was accounted for principally by a reduction in the number

of suppressor cells (mean 93, range 3-21%) in active patients
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TABLE 31 - EFFECT OF Ty DEPLUTION ON OKYD POSETIVITY.

a0 ke

2 Ty 12% 112

Pra Ty depletion & OKISH 10 &
& R 43 37

Post Ty depletion 7 Ty 0% 0%
% OXT54- 0.5 2

% OKT4t 47 47
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PABLE 32 - HELP/SUPPRESSTION BALANCE IN R.A. AND HORMAL.

OKTAJORDS RATIO

R.A. HORMAL
JG* 3:1 da, 2,681
DM, 2.6:1 ac KX XA
MK 1.0:1 mf 5.6:1
i 231 e 2.6:1
oK 6.4ed db 2,311
pLY 511 ke  1.9:1
€8 2:1 ce ho3:1
JL 2:1
B3y 3:1
K 6:1
m’ 561
IV 1.6:1
s 3.921

42
21 6.5:1

%
Pt 9:1

- N

Moan Ratdo é&:1 3.3:1

o Active
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rather than an increase in OKT4 cells (mean 48%, range 27-65%),
i.e. compared with overall group means of 157 (OK15) and 487

(OKT4H) .,

In this study a microcytotoxicity assay using monoclonal
antibodies OKT4 and OKTS was » ghown to be a useful method of
enumerating helper/inducer and suppressoxr/cytotoxic T cells.

The ranges of ORT4+ and QK15+ cells were similar in both groups,
suggeating that between group differences in radiation enhance-
ment, were not accounted for purely on the basis of sn excess

or deflciency of one particuiar subsget of lympﬂocytas. HMultiple
area counting snd veplicate determinations allowed confidence to
be placed in the aceuracy of these resulis. It was clear from
the maldistribution of kiliing and of cells that this approach
be mandatory in enuumcrating 7 cells using thi3  technique, The
ranges of normal for OKI4+ and OKI5+ cells were slightly less
than those reported by Reipherz and Schlossman and likely repres-—
ented differences Iin wonoclonal antibodies and technidques.
lHowever, an approximately 2:l rationof OKT4+: ORI5+ means was

in accordance with their cbsarvations.

One of the problems of group analysis is that heterogenelry
within the group may go unrecopnized. In addition, it 1s evident

that In this systen the ratlo between OKT4+ and OKTS+ cells likely
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determines the net effect of the help/suppression balance. Thus,
when the data were analysed with respect to clinlcal activity,

it was evident that patients with active disease had higher T4/T5
ratios, than those with inactive disease who approximated closely
to the normal. 1In this subset of rheumatoids the shift in help/
suppression balance towards help, was due to a relative .jworease
in the number pf suppressor cells rather than an Increase in
helper cells. Whether the alteration in help/suppression balance
(OKT4/OKTS ratio) was primary or secondary to active disease could
not be defined from the results of this study. However, serial
enumerations conducted on the same subjects at times of differing
diseage activity, would allow description to be made of temporal
fluctuations in the OKT4 to OKT5 ratilo, and whether they occurred
before or after the onset of clinically evident changes in

disease activity.

The relationship between OKTS5+ and Ty cells was not completely
defined, Historial evidence suggested that OKT5+ and Ty cells
should be one and the game i.e. suppressor T cells. While the
specificity of OKTS positivity has not yet been challenged, some
controversy ssrrounds the Ty cell. The failure to Ffind a direct
relationship between ‘the number of OKT54 ond Ty cells in the large
number of enumerations conducted iIn this study, possibly reffected
the fact that enumeration of OKT5+ cells was conducted on a differ—
ent day from Ty enumeration for each subject. It was noted that

in normalsubjects, the number of Ty cells was not constant but
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varied betveen days -~ a charactervigtic not defined for OKTSE -~
cells. The experiment cenducted on two nomal subjects (ce and

se) while linited by nunbers, was possibly more reliable sinee
enunerotion of ORTS+ and Ty cells was conducted simultaneouely.
Sipce the nuber of OKIS5Y cells was markedly veduced Ly Ty
deplotion, the results indicated that a large nunber of Ty cells
wore algo OKTSH. However, the nunber of OKTHF cells did not reach
mere in this experiment, further lundicating the presence of OKTSH,
Ty~ ealls. Fipolly, it secwed reasondble to assune that thevre

way aleo have been OKT5- Ty ecells in the preparation, although

thisg eould not be hkuown for certadn. Thexefaré it appeaxed that
there ewisted a relationship between ORI posicivity and Ty posit-
ivity, and ghot if OKLS5 was a marker for a supprasseor T cell then
it foliwwed that Ty was also a marker for such a cell. This
raasoning was consiastent with the observation that serial depletion
of Ty cells in normal subjects progressilvely enhanced the PFC
reagponse, Thus, it appeared that OKT5 and Ty enumeration techniques
exanined in geoneral .ddfferent facets of the same eell, whille each
van capable of identifying gome cells not identlfiable by the other.
Furthernmore, sinee no association wos shown in the earlier studies
between disease activity and radiation enhancement failure, and

in the aboence of time serles atudies, it was concluded that the
reduction in the anumber of suppressor T calls (i.e. alteration in
help/suppression balance as reflected by OKTA/OKT5 ratio) in active

patients, was dissoclated from the effecta of such cells on poly
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elonal iumund 1@ nlin synthesis in vitro, as neacsured by the

raverse henolytic plague forming cell assay,

While hybridoma techniques have provided new opportunitiesn
in immunology, the proliferation of this type of research 1s
likely to be constrained by the relatively high cost of mwonoclonal
antibodics. In these expevimonts, it was shown thet a 1 in 50
dilution of ORT4 and 1 4m 10 dllution of OKIS mopoelopal anti-
bodg were adeguate to prdduce optimal cytotoxicity. That is te
say, higher coucentrations vesulted in no odditional killing in
the majority of patients studied, and thot lower concentrations
vesulted Iin a partial £ailure of cytocoxiciﬂy; Whera reagonts
are in Limited supply, there is an addicional non-blological
waason to define the optimal opevating counditions in onvder to
agaeso the feasdibilivy of completing a given study., Present
technology and tho high cost of wonoclopnal antibody restrict
funetional studice on OKT4 and OKTS dopleted lymphocyte aub-
populations., Howoever, a relatively rvecent advance, the idmauno-
fluoraeseont ccll sorter, proulses to provide sn efficient 1f
not cheap method of obtainding cell suspensions of purifled

lynphoeyte subpopulations.

This study refuforced the concept that simple uuwerical
deficlencies in T cells did not in thauselves account for
differcnce cbserved bhetween rheunatolds and nommals. Although

6 ddsturbance in the help/auppresnion balance was described in



active rheumatoid arthritie, these data did not allow any
conclusion to be drawn regarding their cause orxr effect relation-
ship to thot activity. Following the enuneration of monocytes,
Ty, OKV4+ and OKISY cells, it was evident that further progress
could only be made by additional functional studies. FEvidence
from the £irst 10 studies suggested thaxs was a functional

defect in rheumatold mononuclear cells (Llymphocytes or monocytes),
which was elther iatrxinsic te one or several cell populations or

Inpeded cell-cell communication {(direetly ox indirectly).

SUMIARY :

In this atudy a vecently developed technology was applied
In the enuvmeration of T 1ymphacyt¢$having halpaer and suppressox
activity In patients with rheumatold arthritis and noxmal subjects.
No numericel differences wera discoverad between groups for either
ORT4+ or OKLS+* aubsaet, Although no direct association between
ORTS5+ and Ty cells could be concluded, enumeration expoeriments
were not conductad simultaneously on the sama cell suspensions at
the same time, thuz any coanclusion diawn from thils eomparizon
should be guarded. However, sinmultaneous experiments conducted
on two normel subjects, suggested that Ty and BXT5+ cells shared
identity as evidenced by a marked reduction of OKIS+ cells when
Ty calla were ecompletely depleted. It was evident, however, that
not all Ty caells were OKI5+ and therefore some were Iiikely not

suppressor cells. A disturbance in the help/suppression balance



-~ 320 -

was demonstrated in patients with active rheumatold arthritis,
when veaulis were compared with those from patients with
inactive disease or normal contyolas. While ne cause or effect
relationship was shown, 1t was noted that this shift in belance
could be accounted for by a welative reduction in the proportion
of suppressor cells, Siumuliancous enumeration, time geries
studics and functlonal expeximents with pure lywmphoeyte subseta
(ae defined by moncclonal antibodies), offer an opportunity to

answer some of the remaindng questlons.
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CHAPTER 9

PUYC RESPONSE OF RHEUMATOID AND NORMAL
LYMPROCYTES 1 AUTOLOCOUS AND ALLOGENEIC CULTURED

(STUDY 11)

INIRODUCTION
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PATIENTS AND METHODS

H

§

RESULTS

DISCUSSLION

H

SUMMARY



"Hature does nothing
without a purpose.

Aristotle 384-322 BC
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INTRODUCTION.

In praceding chapters, indirect evidence has been cited
to indicate that rheumatold B lymphocytes have the capablility
to respend to helper T cell signals, i.e. the responsze from
cocvitures from B and non~irradiated T cells was preater than
that from cultures of I cellas alone. Thus it appears that R.A.
B cells can respond although the extent of this reftiponse has nbt
boen defined. One pessible explamation for the observed differ—
onges in radiation and Ly depletion cnbhancement, bhetween the two
groups dg that the B cell vesponse in rheuwnatoelds is limited,
datze vheumatoid ¥ wells can only respond up to s cervtain level.
If this were true, then functional destruction of suppressor
T caells (or their physical vemoval), ox the provision of more
helper signals by adding normal T cells, soluble helper factorxs
or increased numbexs of R.A, T=cells should not xesult ia augmen-
tation of the PFC response. In ordar to examine these aspacts
of inmunoregulation, three studles were designed, In thia chapter
responsaes of rheumatold B eells to autologous and allogeneic
irradiated and non~irradiated rheumatold and normasl T cells were
compared with the responses of normal 5 cells undex the asme
conditions, In Chapter 10, soluble factors were harvested from
the supernatante of allogeneic and autologous cultures and their

effects on T cell-free B cell cultures studied. In Chapter 11



the efifect of varying the proportions of T cells (irradiated
and non-~-irradiated) to B cells was evaluated in rheumatoids and

normals.

Allogeneic cultures neceanitate the combination of genet-
icolly dissimilar cells. As wac 1llustrated in Chapter 1, optimal
cormunication between cells and owhisequent responses ave dapendent
vpon the discrimination bhetween self and non-self. Thus it was to
be antleipated in this study that differcnces would exwist between
thae responses in sutologous cultures and those cbserved in cultures
contalning the constituent cell types in alloganele cultures, quite
apart from the pregence of absence of diascese. 7This was controlled
for by rumming allogencic normal-normal as well as sllogeneic

Rede - normal culture conbinationsa.



PALIENTS AND METHODS.

One patient with definite rheumatoid arthritis (DM) and two
controls (nb, mm) werc selected for study (Appendices 1 and 2).
B and T lymphocytes from aach Individual were separated from 30 nls
of frech heparanlzed hlood using deasity gradient centrifugation
and nylon wool separation techniques previously described. The two
novmals were desigaated N.1 {nb) and N.2 (mm), and the rheumatodd
donignated R.A, (D). Autologous cultures were prepared for each

individual (BN1'® ™. . EN? + I, and BRA+ TRA)Y, as follows:

z
. 4
Bxlﬂ4 B eells alone Qé PEM Lot. No. 15K0201), 5x10° T cellis alone

. & ,
(i PN, 3x10° B cells and 5x104 non-irradisted T cells (ﬁ MY,

4

y; e
5%10° B cells + leﬂé T cells (i i) and leﬂé % ecells + 5x10

3200

, s oy
Tgaop “eLle (= PO,

Using the same concontration of cells, allogeneic cultures

ware prepared. Rheuwmatodd B cella (B ) vere cocultured separa-

Redo

tely with non-irradiated T ecells, and T cells (t PUM) from

%3200 6400
control M, (TH,). Then B eeils from M, (BN,) were cocultured with

the covreaponding T cells from the patient with rheumatodd arthritis
(TR.ﬁ.)' Allogenedce cultures of normal cells were prepared using
the same cell concentxations and culture conditions. Thus B cells
of normal N, (BHz) were cocultured with T cells fron Nl(THl) and

B cells from N, (BN;) coculturedwith T cells from N, (TN,). Cell
conbinations were thersafter cultured and plaqued as described in

Chapter 4.
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RESULTS. ( Original data- Appendix 3- 914-944 )

In autologous cultures (Table 33), previous observations
were conflrmed. The absgent PFC response from any T cell only
culture and low responses from B cell only cultures indicated
effective cell separation. Im both rhewmatoids and normals
responges were enhanced by coculture of I cells with non-irradiated
T cells., With irradiation (3200 rads) significant (greater than
®» 2) enhancement occurred in the two normals (6257 to 13766 and
3428 to 8228) but rot in the rheumatoid (3159 to 3785). With higher
levels of radiation (6400 rads) rxesponses fell to be intermadiate
between those from B cells alone and B + T cocultures (Nl = 4857,
Hz w 1047, RA » 1071). In all cases responses were higher in the

presence than absence of 1% PWM.

In allogeneic cultures (Table 33), normal and rheumatoid
B cells were capable of ryesponding to helper signals from allogeneic
T cells. It was evident, however, that with the exception of the
rheunatoid, PFC responses from the same B cells were less when co-
cultured with allogeneic rather than thelr own autologous T cells
(“§ = 3200 vs 6257, HZ = 30856 va 3428). This likely repreaented a
feature of alliogeneic cultures whereby definition cells were
pgenetically dissimilar and did not communicate as efficiently. In
the rheumatoid, a slightly greater response was observed in allogeneic.
coculture with Tﬂl (3829) than in autologous culture with TRA (3159),

hinting at a possible deficlency of T help.
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It was cvident that while non-irradiated R.A., T cells
provided some help, that R.A. T3300 cells produced no significant
enhancenent, resulting in a PFC response siightly less (3785) Fhan
that observed when these sawe cells were cultured in allogenelc
fashion with non—-irradiated Tﬂl cells (3829) (¥Figure 38). Further-
more, when R.A. B cells were cocultured with T3200 Nl
(7571 PFC/IOﬁﬁBL), significant enhancement (apporximately x 2)

cells

occurred and was of a similar order of magnitude to that seen in
autologous culturea of normal B*Tazng cells., DBefore the signifi~
cance of this finding could be assessed it was necessary to evaluate
BH, +TH, .

T and 1 T2
1 and TN2 cells were irradiated (3200 rads) prior to coculture,

conparable responses in the allogenele cultures of BH2+TN
When TH
PPC responses from Bﬁz and Bﬂl were gignificantly enhanced (3086 to 11600
and 3200 to 7343 respectively, l.e. greater than x 3 and greater than

% 2). Thus it was observed that given the opportunity (adequate

T help) the rheumatoid B cell had the capability to respond in this
nysten in a manney indistinguishable from that of a normal B cell,

This suggested that the I cell response was not restricted as neasured
by the WM driven PFC response in the reverse hemolytic plague forming

call agsay.

Compaxing responses £xom BT + PUM combinations from

3200
BNiVTRA and BN1+TN2 with their respective BFIHPWM combinations it was
evident that while the irradiaticn (3200 rada) of nommal T celle

resulted 4n enhancement (3200 to 7543), 1ittle occurred when rheumatoid
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T cells were similarly treated (2343 to 2874). Since the
rasponding B cells were the same in both cases and since these
cells were shown capable of radiation enhancement in both

autologous (Bml+TNl) (€257 to 13766) and allogeneic (BulfTN?)

(3200 to 7543), normal-normal cultures it was concluded that

T cell help in R.A. was restricted. TFurthermore, when TRA

and TN2 cells were irradiated at 6400 rads prior to culture, to
destroy in addition T helper cells, responses fell leas with

the iBA
14643 further indicating a rostiiction of helper activity.

cultures (2874 to L000) than with TH? cultuzes (7543 to

AMllogeneic cultures of normal cells (ﬂN2+TN and BN1+TN?) were

1
shown capable of significant radiation enhancement (3086 to
11600 and 3200 to 7543) at 3200 rads and significont declines
(11600 to 1620 and 7343 o 14064) when cells wore radiated at
6400 rads, confirming that the poor performance of rheumatold

cells could not be accounted for by the allogenelc nature of the

BYoten.
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RISCUSITON.

The ability of rtheumatold and normal B cells to respond to
allogenele belpor sigonals was demonstrated in this study. While
thess responses woare nobt as great as those to autologous helper
signals, it waes shown that genoetically dissimilar colls could
comunicate. Rheumatold T hely appeared restricted since (a) the
gllogenelc help from non-irradlated T cells was greater thaan the
autologoun help from non-irradiated rheumatoid T cells, (b) YFC
repponges from novmal B celis was less in cocultures with allogeneic
nou-irrvadiasted rheumatoidd T cells than in cocultures with allogenelce
normal or autologous T cells, (¢} radistion enhancement by RA TB%OO
ealls was siniwmal 1ﬁ both autologous and allogeneic cultures and
(a) the relative loss of help was greater at higher levels of radiation
when notral T cells were irradiated than when rheumatoid T cells were
irradiated, a9 measured by the PFC responsge in both autologous and

allogeneic cultures,.

Tha response of rheumatoid B cells appeared adequate since
coculture with allogeneic and autologous non-irradiated T cells
resulted in augmentation of the PFC response, and was not restricted,
because coculture with allogeneic noxmal irradiated (3200 rads)

T calls ragulted in a wmagnitude of enhancement seen in cultures

contalning noermal but allogeneic cells.

Since this study was conducted on only a single combination of
individunla, conclusions were limited. However, the findings of

restricted RA T helper activity in the presence of potentially normal
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RA B cell function were consistent with observations made in
previous studies. Furthermore, since monocytes were predominantly
found in the nylon wool adherent (B cell) fraction and played a
vole in the PWM driven PI'C response 1t was reasonable to assume in
RA B-normal © combinations, that RA monocytes and not normal
monocytes (eopecially in irradiated T preparationsg) facilitated
the response. Therefore, the ohsorvation that allogencte (normal)
TBQOD calls enhonced the response of IA B cells, may indilcate that
RA monocytes wore functioning normally in this system. However,

since this was lndirect evidonce on a very small number of subjects

it could not be regardad as conelusive.
SUMMARY .

The FFC response of rheumatoid and normal B lymphocytes to
astologous and allogeneic helper sigonals were examined in this
study. It appearved that In the few subjectn studied the PFC
vesponse of vheuwatold B lymphocytes was intrinsically normal,
while a Jdefect existed in T helper activity. Indirvect evidence
suggested that RA monocyte function was adequate. In order to
confirm theke findings evaluations should be conducted on 1§rger

nunbers of subjects.
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AUGHMENTATION OF POLYCLONAL IMMUNOGLOBULIN SYGTHESIS

BY SOLUBLE ALLOGENRIC AHD AUTOLOGOUS HELPER TAGTORS.
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"He could by duclid prove long sine
A ganging point compos’d a line
By nuwbora too he cou'd diviue
Whan he did read

Thot three times three just made uwp nine,”

Robert Ferguson {1750-1774)



INTRODUCTION :

The precise mechanism by which celly commmicate and helper
signals are transmitted vemains to be elucidated. While direct
cell~cell interzetion may be one mode of communication,; demonstra-
tion of the velease in vitro of blologlecally active molecules from
lymphocytes, suggests a definite role for commmicatlon by scluble

factors.

Haskill at a1345 waing murine cells demongtratoed that thymus
cells and sowme gell fractions could simulate SRBC responsen in other
cell fraoctions, even when separated from them by a nucleapore ox
dlalysis membrane. Although the vesponsa obsexved was not achieve
able with all fractilons, these experiments suggested that colls
could cormunicate by means other than by cell-cell lnteraction i.o.
by soluble factors. Using a different mndel3ﬁﬁ, it was demonstyrated
thot o nmaterial extracted by gently heeting peritoneal cavity cells
from lmmunized mice, could substitute for the intact cells in a
gyanergistic dwnune response with marrew cells. In separote experi-
mﬁnc3347, in wileh T-8 cell communfcation by a soluble factor was
confirmed, it was noted that cell supernatants were inactive 1if
they were obtalned from cultures in which the antigen was omitted,
indlcating thot antigen ctinulation wias a prerequisite for obtaining
an active superpatant. At variance with Haskill's report this factor

waa net dialyzable, Soluble factors may also be of lwportance in



Ty cell interaction since they may substitute for 7T cells in
-7 colliaboration which results in the peneracion of T killer

34
lynphoeytes in mice“j '8.

Twa distinct active halper moletias have heen considered o
exiast, one nonapecific, and the other antigen specific. They may
parvticipate together, part oz all of the tine, in the developnent
of antibody responses. Attempts to characterize the nonspecific
woioty in mice3a9 have suggested that L¢ has a molecular weight
of 30,000 ~ 40,000 and is copable of acting dirvectly on B cells
(in the presence of antizenc) to effect triggering and subsequent
differentiation and proliferaiion to antibody forming cells in
vitro., The observation, that this enhancing factor could be
vemoved by an immunoadsorbent prepared with an anti~Ia antiserun
indicated that the biologically active woletles responaible for
T/B ecell interaction wexre the incorporated products of genes in

50

the I region of the wurine li~2 gene complex™ .

!7*?
In enmntract to this nonspaclifie factor, Munvo and Taussig!k

characterised an antipgen-specifie helper factor in wmice. The factor
was not an ismunoglobulin, since it did not react with anti-Ig
reagents. Lt had a moleculer wvelight of approximately 50,000 , and
contained vithin 1t Ia determinants. Thus like the nonspecific

factoy it appeared to be coded for by the I reglon of H-2 gone complex.
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Whille the factors so far described have had helper activity,

an
othery factors having suppressor activitles have been xepartadjal.

A vast array of soluble factors from lymphocytes and mono—
cytes (lymphokimes and monokines), have been shown capable in
different systemsz of enhancing or suppressing responsces of Iywpho-
eytes and monocytes. To preserve response ppecifieity, it scewms
Idkely that some of thene soluble factows share imnunologie identity
wieh cell osurface molecuies. Thus coll-ccll interaction may occcur
betveen membrane-bound pubuniis with melecular simndlarxity to
soluble factovs, or by the action of short vadlus factors, while
more digtant communieation wmay be effacted hy the release of these
or equivalent units as soluble factors, having a longerx range of
action. Aport from a facilitatory role, soluble {actors may in
themselves regulate the immune yesponse. It has been obsevved
that blastogenesis and prolifervative vesponses of rodent ceil
culturos decline in the situstion of overcrow&ingSSZ, This type of
phenomenon as been attributed to the release of inhibitory factors
by lymphocytes vhich gense ovarcrowdingasg. 1t seems likely that

short vadius factors would be sufficlent for these purposas.

Thera ig a biologle necessity for an lmmme response, which
can vary over & wide range but always be naintainad in control. It

has been suggested that modulation is achieved throupgh feedback



loops, (poszibly mediated by soluble factors), similar to those
which wegelate andocrine glandulaxr function. The possibility of
three levels of conirol has been considercdaﬁé, the first level
being govarned by specific medlator, the second by nonspecifie
mediator and the third by prostaglandins and cyelic nucleotides.
1 hae been suggested that these medlators are bifunctionsl
moleenles, interaeting specifically with antigen and with receptor
gites on tarpget cells, and furthexwore that thoy may show multi-
hit hkinetics. Autoregulation has been recopnized in severnl none
endoerine gystems e.g. the contrel of cell mitosis by soluble
suppresgor factors, (Chalenes) has been dewonstyated in the homeo

a3 A ”
gtasis of human bleod corxpuscle praductiongdg° 35“,

hile eorly studies were conducted on rodents, recent investi-
gation in humans has shoun that wajor histocompatsbility complex
(AIC) gene products, encoded by the HLA-D region, play an dwmport-
gt vole in the generatlon and funetion of these soluble mediators,
and in some instances compriee a portlon of the helper molecules

357, 358, 359,

themselves However, immuno-precipitation studies

suggest that at least aoue of these helper molecules do not bear Ia
|+
deﬁnrminantsagg. Soluble factors which suppress immunoglobulin

production in allogeneic and autologous cultures have been demons—

. 36D R
strataed in humons 6 end in the sawc laboratory the exigtence of

non~y suppressor callszga.
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In vecent oxperimants on human lymphoeytes Chiorrazi
Q@ alaﬁl’ 362 have gencrated sutologous and allogenelc helper
factors from mixed lymphocyte cultures. These helper super—
natants could be produced in the shaence of antigen. Dose responge
curvas congtructed In a direet sntl~SRAC PTC aspay, indicated that
the maximal posponse occurved at optimal concentrations of helper
factors (33% volume~volume) and 1f hipher doses were used the
responge declined., A small percentage of Id+ cells were demons:
atrated Lo ba vesponaible for almest 21l the helper activity gener-
ated in allogeneic supexnatante. Helper factors were generatad by
culturing T cells and irradiated (3,000 vads) B cells for 48 hours.
Supernatents were then collected and filterad through a 0.49% micron
millipore (Millipore, Bedford, Massachusatta, U.S.A.) filter and
clthar domediately used or frozmen at ~70°%¢,  The poal renponae
observed vhen factors wers then added te B cell cultures, usuvally

agcurred at factor concentrations bhoetwaen 25 and 50%,

Whila lymphokine release has been observed in rheunatolds,
problems of definitlon and characterization of the constituent
molacular entities has hindered progress in the field. In the siudy
wvhieh follous an atiempt was made to determine vhether soluble
helper factors were releazaed from rheumatoid cultares, vhethop they
could substitute for T lymphocytes, what the optimal working
concentrations wore, and vhether in allogeneic and autologous systems

they were more or less potent thon factors from control cultures.
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It was postulated, that a fallure of rheumatoid T cells to
release goluble helper factor oy of rvheumstoid B cells to asuch
helper signals wmight provide an ewxplanatlon for radlation enhance-

want failuve in cheumatoida.
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PATIIIES: AND METHODS,

Hine patients with classic oy definite rheumatold avthritis
and wine noxmal contiols were gselectad for study (Appondices 1 and
2). Tuo types of experiments were devised. Ixperiment No. 1
exanined the vavlotion in the responses of B cells to different
halper factovs in rheuvmatolds and noxmals. Bxperiment Ho. 2
evaluated dose vespouse curves for soluble factors and the cffects

of T cell pre-irvvadiation on soluble factor genovation.

Exporinent No. 1

Subjects and Hethoda:

Six patdents with clagsie or definite zhounatodd avthyitis
{18, MEl” MB, JC, RB and NI -~ Appendix 1) and nive normal controls
(jd, wf, ub, cm, db, jo, ¢p, bw and c¢h —~ Appendin 2), were selected

fur atudy.

Autelogous factors vere ralsed in three rheusatolds (18, ,
¥ and JC) and filve normals {(bp, bw, ch, cam and mf). Lymphoeytes
wezre aeparated Lyxom fresh heparanized bBleod by the density gradient
centyxifugation and nylon woeol peparation techniques previously
daseribed. B cells were ixradiated at 3,000 rads <BSOGQ)” following

4
which they were washed three times in RPMI 1640, 55107 B and

36060
4
5%10°7 T celle were cocultuves in replicate for 48 hours at 37%C in

1 ml of RPME 1640 (containing Leglutanine) supplenenced with 10Z
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heat innctivated sheep ved blood cell ahsorhed foetal calf serum
{Grand Island Blolegical Company, Grand Island, New York) and
gentamiein 15 mierxograms per ml {Schering Coxporation, Kenilworth,
Haw Jeraey 07033). At the end of this perlod supernatants were
extracted with a 1 ol syringe, filtered through a 0.45 micron
millipove filter (Millipore, Bedford, Massachusetts, U.S.) and
either used ftomediately or frozen. Since Lactoras from different
cultures of the some cells nay have differved somevhat, super-

natanta from replicate cultuses were pooled.

Autologous cultures 0f B cells alone, B+ cells ond B¢T3200
cells In 1:1 yratio conbinations weve established as previously
degcribed. Cells were cultured in 300 mlerolites volumes of eltherw
& aixture of ope talvd factox to two thivds 10Z heat inactivated
shaep red bleod cell absorbed foetal calf serum in RPMI 1640, or
in 107 heat inactivated gheep red bloed cell absorbed foetal calf
seran in RPMI 1640 only, {(supplemented with gentandcin, as above)
for seven days at 37°C 1n the prasence of 14 pokoewe®  nitogen
(Lot No. 125302). TFollowing incubation for 7 days, cells were
wvashed and plaqued ag previously dascribed. Results wvere expressed

as 1’330./10“5’ PiL.



Mean responses for rheumstoids and controls are tabulated

in Tables 34 aad 35, Tour groups can be identified:

A. Culiures of noxmal lymphocytes wilth normal factors.
B. Cultureg of normal lymphocytes with vhevmatoid factors.
C. Cultures of rheumatoid Lyiphoovtes with noxmal. factors.

D. Cultures of rheumatold lyuphocytes with rheumatold factors.

In each of the pgrowps it was evident in the absence of soluble
factors, that the PPC response was enhanced by the addition of T cells
to B cell cultures. As had been previously noted, rTesponsesn were
higher in BT,

= 3200

radiation enhioncenent ceccvrred In vhowmiolds. With one exception

than 4L cultures in normals but no sisndficant

fem & F(H51) = 28501, the PFC response from each culture type
&, BT and B%wazgﬂ) was greater in the presence of factor. It was
ovident in A, B and ¢ that different factore produced different PFC
responses from the sana cells. Thus the helper activity of super-
natants fron ddfferent individuals (rheumatodds and controls) varled
in thelr cffects on the same B cell cultures €8y BAT(3d) + P(nf) =

3150, BHT(34) <+ F(ow) = 1650, GeBn BHT(db) + F(IC) = 15200, B+T{db)
+ FQIB) «= 7400,

Sdwilarly the same factors had different effccts on dlLfferent
cells, Thus, although supernntanta from JC inereased the cesponse

of db'y BHY cultures from 2400 to 15,200, they could only increase
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TABLE " - POC_NBSPONSES OF

CONTATNING ALLOGR

SOLUBLE HELPER FACTORD .

TORMAL, TXUPHOCYTAS IN CULTURES
FLO NOGHAL AND BHEUMATOLT)

pra/a0® pon,

(n) OPLL SCURCE  FACTOR SCURCE B B 4T B+ 13200
(55%)
Jet