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MMARY

The peritoneal immune defences of patients on
continuous ambulatory peritoneal dialysis (CAPD) were
examined in order to determine whether any defects exist
which may account for the susceptibility to peritonitis of
some patients.

Overnight dwell peritoneal dialysis effluent (PDE) was

obtained from uninfected CAPD patients and found to contain

up to 107 leucocytes per bag. The average differential
cell count was 70% macrophages, 21% lymphocytes, 6%
neutrophils and 3% eosinophils. The number of cells

isolated decreased with time on CAPD, perhaps due to
thickening of the membrane or trapping of cells by the
formation of adhesions in the peritoneum.

The ability of the peritoneal macrophages from CAPD

patients to ingest and kill Staphylococcug epidermidis was
examined. This organism was chosen because it is the major
cause of peritonitis in CAPD patients. in most cases the

macrophages were able to efficiently phagocytose and kill

opsonised S.epidermidis in vitro. However when these cells

were compared to normal controls they were found to be
defective in their intracellular killing ability. Althougﬂ
no overall correlation was found between the degree of
phagocytosis or intracellular killing and susceptibility of
patients to peritonitis, cells from two patients with a
high incidence of peritonitis did show abnormally poor
ingestion and/or killing. This suggests that in some

patients defective phagocytic activity may be a

Xxix



contributing factor in determining susceptibility to
peritonitis.

The ability of peritoneal macrophages to produce H202
and express class Il major histocompatiblility antigen (HLA-
DR) were examined in order to provide information on the
activation or maturation state of cells from CAPD patients.
Both .these parameters were decreased compared with normal

controls. However, the degree of H release and HLA-DR

292
expression by the peritoneal macrophages from CAPD patients
was aimilar to that of blood monocytes. These resuits, in
conjJunction with those of the bactericidal assays suggest
that the cells 1isolated - from the peritoneum of CAFPD
patients are relatively immature macrophages and resemble
blood monocytes. Peritoneal macrophages from patients
commencing CAPD released more H202 and showed a greater
proportion of HLA-DR positive <c¢cells than those from
patients established on CAPD or neormal control peritoneal
macrophages, indicating that patients may have an initial
inflammatory response. This may possibly be caused by the
recent implantation of the catheter.

The levels and activities of the serum proteins [gG,
C3 and transferrin (Tf) in the PDE were examined as they
are believed to have important roles in defence. Levels of
all these proteins in PDE were only 1-2% of those In serum,
and when the levels were compared with each other and with
total protein levelsg significant correlations were found in
each case. The levels of these proteins in PDE were
independent of those in the corresponding patients' sera,

suggesting that entry of serum proteins into the peritoneal

cavity does not involve a specific transport process but

XX



depends on the permeability of the peritoneal membrane.
There was also an inverse correlation between the level of
total protein in PDE and length of time on CAPD which again
implies that changes may occur in the permeability of the
peritoneal membrane.

A positive correlation was found between the
.opsonising capacity of PDE and the IgG or C3 concentration,
and there was an inverse correlation between the opsonic
activity of PDE and frequency of peritonitis. These
results astrongly suggest that the levels of opsonins in the
perlitoneum are sub-optimal in CAPD patients.

The bacteriostatic activity of Tf in PDE was examined

by measuring the in vitro growth of S.epidermidis in cell~-

free PDE. More growth of the bacteria occurred in PDE than
in sera or normal peritoneal fluid, and in PDE the growth
rate correlated inversely with the Tf concentration.

Addition of extra Tf to the PDE reduced the growth of

S.epidermidis, but had no effect when added to serum or
normal peritoneal fluids. An inverse correlation was also
found between the degree of reduction in growth of

S.epidermidis on addition of extra Tf and the original

level of Tf in the PDE. Overall, these results indicate
that the levels of Tf in PDE provide sub-optimal inhibition
of extracellular bacterial multiplication.

A longitudinal study was carried out on a group of
CAPD patlients who were examined for up to 9 months from the
day of commencement of dialysié. These patients showed =a
general decline in the levels and activities of the
cellular an& humoral defenée mechanisms In the peritoneum

with time on CAFD. The decline was particularly prominent

xx1i



in the first 4-6 months,.

Overall, the findings indicate that the immune
defences of the peritoneum of patients on CAPD are sub-
optimai. The peritoneal cavity of the CAPD patient can
therefore be considered an immunocompromised sité and this
gshould be taken into account in the management of these

patients.

xxii



CHAPTER 1

LITERATURE REVIEW



INTROPUCTION

The immune system of man 1s an extremely
complex network of mechanisms, which have been developed in
order to provide many ways in which to defend ourselves
against pathogenic micro-organisms. These include both
innate mechanisms, ie those we are essentiall; born with,
and acquired defence mechanisms, which enable us to mount
gpecific immune responses, As most infections enter the
body wvia epithelial surfaces the exterior defences of the
body are of importance. These include the skin covering
the body surface, the lysozyme action of most secretions,
the mucus and cilia of epithelial membranes and the acidic
pH of the stomach.

Among the innate defences, soluble factors of the
blood, such as the complement system and cellular factors,
such as blood and tissue phagocytes are very important. In
addition, non-specific inflammation at the site of
infection is an essential part of the host defence.

Acquired immunity consists of antibodies secreted by
differentiated B-lymphocytes, and cell-mediated immunity by
specific T-lymphocytes. These systems are activated in
response to antigenic stimulation.

Often the innate defence mechanisms and acquired
immune systems interact together against invaders.
Antibodies produced by differentiated B cells help
phagocytes to recognise their targets and T cells produce
lymphokines which stimulate activation of phagocytes. Alsco

macrophages and other antigen-presenting cells play an



important part In the receognition of foreign bacterial
antigens by lymphocytes and their subsequent stimulation.

A delicate balance therefore exists, with all arms of
the immune system being dependent on each other for optimal
activity. Any defect which may arise, in no matter what
area, may severely compromise the system as a whole and

leave a patient prone to infection.




Continuous Ambulatory Peritoneal Dialysis or
CAPD represents a very effective form of renal dialysis for
patients with chronic renal failure, which removes waste
products (primarily urea and creatinine) from the blood by
diffusion through the membrane of the peritoneum
(Oreopoulos et a2l,1980; Popovich et ai,1878).
| Very simply, CAPD is a portable internal dialysis
technique, which uses the continuous presence (24 hours a
day, 7 days a week) of diélysis solution in the peritoneal
cavity, except for periods of drainage and instillation of
fresh solution 3-4 times per day. After each exchange,
which occurs at 4-6 hour intervals or8-0 hours overnight, the
indweliing peritoneal catheter is capped, and the patient
is free to participate in his usual daily activities. CAPD
therefore exchanges the relatively long dialysis sessions of
4~6 hours,
A3 days per week in haemodialysis, for three or four 30-45
minute interruptions of daily activities every day.

The peritoneal membrane which 1lines the abdominal
cavity and participates in the diffusion of water and
solutes during CAPD 1is composed, in the normal undialysed
patient, of a compact surface layer of mesothelial cells
with protruding nuclei and numerous microvilli (Di Paolo
et al,1986). This layer also has a network of capillary
and lymphatic vessels. After prolonged CAPD, however, a
reduction and subsequent disappearance of microvilll |is

seen, along with widening of intercellular Junctions.

Popovich t al (1978) showed that CAPD can provide



acceptable or even better control of serum chemistry than
other dialysis techniques, with resultant improvement in
the patient health. Being continuous, CAPD patientsg have

steady state chemistries, preventing the symptoms and

problems associated with rapid fluctuations in serum
chemistry and body fluid volumes that occur with
haemodialysis (Popovich et al,1978) eg minimal

cardiovascular stress,

CAFD is particularly suited to diabetics, as excellent
control of blood sugar is achieved by intraperitoneal
insulin, and it also has a favourable effect on the
deterioration of retinopathy (Amair et al,1982). Fopovich
et al (1978) noted, however, that removal of small
molecules (urea) with CAPD is only 60% as efficient as with
haemodialysis. Removal of larger molecules, the so called
middle molecules (MW 800-2000) with CAPD is, however, much
more efficient compared with haemodialysis (Bergstrom
et al,1979; Popovich et al,1978).

CAPD, in spite of its many advantages, has been
overshadowed by a number of complications, the two most
important of which are a high incidence of peritonitis
(infection of the peritoneum), and a high rate of protein
loss (10-20 g/day), particularly during peritonitis
(Krediet et al1,1986; Rubin et al,1981; Fopovich et al,
1978)., Rubin et al (1981) suggested that the increased
protein loss may be due to alterations in peritoneal blood
flow, which may affect membrane surface area or
permeability. The problem of excessive protein loss can,

however, be compensated by the ingestion of a high protein

diet.




Peritonitis is still the major drawback of CAPD.

About 70% of infections are c¢caused by Gram positive

oerganisms, such as Staphylococcus epidermidis,
Staphylococcus aureus, and streptococct whereas Gram
negative organisms account for about 15% of cases. The

remaining peritonitis episodes are due to other organisms,
including fungi (Smith et al, 1986). If the infection |is
not adequately treated sufficient adhesions may occur to
obliterate the peritoneal cavity, particularly 1if +the
organism 1s a fungus or a yeast (Colesg,1985). Infection
of the peritoneum may result from poor technique during
bag changes and contamiﬁation with skiﬁ flora (Smith
et al,1986; Vas, 1281) and the fact that coagulase negative
staphylococei, which are common skin commensals, aré
responsible for most infections, supports this conclusion.
Nevertheless, some patients are unusually susceptible to
peritonitis (Tsakiris et al,1886; Vas,1981), and this
suggests that impairment of host defence mechanisms may bé
involved. Although the mechanisms of this increased
‘susceptibility are not clear, deficiencies in various
cellular immune functions have been implicated (Alobaidi

t al,1986; Tsakiris et 21,1986; Goldstein et al,1884), as

well as 1inadequate levels of serum proteins (Keane
et al,1984; Verbrugh et al,1883). It remains to be
determined whether CAPD induces defects in the normal host

defences of the abdominal cavity and whether these changes
are important in the pathogenesis of peritonitis and it is
this aspect with which the work reported in this thesis is

concerned.
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As mentioned above staphylococcei, major commensals of
man have consistently proved the commonest cause of
peritonitis in CAPD patients (about 40% due to S..

gpidermidis and 20% to S. aureus). All staphylococci are

Gram positive coceci that produce catalase which can be sub-
divided by their capacity to produce or not produce the
enzyme coagulase which clots rabbit plasma. S. aureus are

coagulase positive whereas S. epidermidis are coagulase

negative. S. aureus can also be distinguished from §S.

epidermidis by the presence of protein A which binds to the

Fc portion of immunoglobulins, aﬂd by its ability to
produce a large wvariety of toxins, haemolysins and
leucocidins which play a major role in its pathogenicity
(Gemmell, 1984).

S. epidermidis, often previously dismissed as culture

contaminants, are assuming greater importance as true
pathogens. There is now considerable evidence to show that
coagulase-negative staphylococeci are the major cause of
infections of prosthetic devices and intra~vascular

catheters <(Archer, . 1885y, Virtually ail of the S.

epidermidis infections are hospital~acquired, and multiply
antibiotic resistant which probably reflects the selection
pressure of widespread antibiotic use in +the hospital.
Vancomycin i8 one of the few éntiﬁiotics effective against
these organisms (Bailie et al, 1987). Colonisation of
patients and hospital staff with antibiotic resiktant S.

epidermidis precedes infection with these organisms. S.

epidermidié is also the most common cause of bacteremia

among patients receiving immunosuppressive therapy.‘

Its pathogenicity may be related to its ability to
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adhere to and grow on polymer surfaces such as catheters
and by the production of an extra-cellular slime substance
(Gray et al, 1884). This slime inhibits the proliferative

responses of lymphocytes and possibly opsonisation of

bacteria.
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Protection of the peritoneum from microbial pathegens

is believed to depend on three mechanisms. The first is a
simple removal mechanism by which +the intraperitoneal
circulation of fluid carries particles to the diaphram, and
hence via the lymphatics to the thoraciec duct and
eventually to the blood stream (Dunn et al,1985; Hau
et al,1979). Bacteria can be demonstrated in the lymphatics
within minutes after their inoculation into the peritoneun
(Dunn et al,1985; Hau et al,1979). Of interest here is the
finding that bacteremia is A uncommon in peritonitis
asgsociated with CAPD (Duwe et al,1981; Vas,1981). This
contrasted with an incidence of over 30% in surgically
induced peritonitis (Vas, 1881). Althodgh this may be
related to microbiological differences, it is possible
that peritoneal dialysis may interfere with the normal
mechanisms of lymphatic absorption and elimination of
bacteria by impeding the passage of pathogens into the
systemic circulation. Such a defect in normal lymphatic
function was suggested by Duwe et al (1981) to result from
mechanical factors associated with the instillation of
layge volumes of fluid into the abdominal cavity. It 1is
not known what contribution altered lymphatic function
makes to the development of peritonitis in CAPD.

Secondly, protection depends on a killing mechanism in
which host phagocytes, about 80% of which are normally
macrophages (Alobaidi et al,1986; Verbrugh et al,1983) act
as effector cells (Dunn et al,1985; Verbrugh et al, 1983).
Although macrophages, lymphocytes and polymorphonuclear
leucocytes are found within the peritoneal cavity, the
predominance of macrophages at the start of the bacterial

infection led to the conclusion that these cells represent



the first line of host defence in the elimination of
bacteria during the initial stages of infection (Dunn
et al,1985). They are largely replaced by
polymorphonuclear neutrophils as the predominant phagocytic
cell during episodes of peritonitis (Rubin et al,1980;
Hurley et al,1977).

The final mechanism involved is sequestration due to
fibrin formation which leads to direct trapping of micro-
organisms as well as to the formation of adhesions between
surfaces, both of which physically isolate invading micro-
organisms (Dunn and Simmons, 1982; Hau et al,1979). Hau and
Simmons (1978) also found, however, that this may impair
bacterial clearance from the peritoneunm, thereby promoting
the development of clinical peritonitis. The protective
role af fibrin is therefore controversial. Interference of
phagocytic function appears to account for the defect,

underlining the importance of these cells in protecting the

peritoneum from infection.



d.& MONONVUCLEAR PHAGOCYTES

The mononuclear phagocytes arise primarily
from a population of phagocytic cells that originate in the
bone marrow (promonocytes), are then transported by the
blood stream as immature monocytes and finally migrate into
the wvarious tissues of the body where +they differentiate
into functional resident tissue macrophages (van Furth
et 2l1,1979; van Furth and Cohen, 1968).

The origin and kinetics of these «c¢ells have been
investigated in several! animal species (most extensively in
the mouse). In man the study of mononuclear phagocytes has
been much more limited and has mainly concerned blood
monocytes. It is highly probable, however, that the
mononuclear phagocyte system identified in animal studies
is also applicable to man.

Macrophages are extensively found throughout the body
including the peritoneal, alveolar and pleural spaces,
where they are generally free to move around, and in less
motile, fixed forms in the spleen, liver and lamina propria
of the gastrointestinal tract (van Furth, 1980).

The macrophages that occur under normal physaiological
conditions are called resident macrophages and are distinct
from those that appear with inflammatory stimylation
(exudate macrophages). Whereas the monocytic origin of the
exudate macrophage is generally accepted <(Daems,1880; van
Furth, 1880; van Furth and Cohen, 1868), the origin of the

resident macrophages is still disputed.



i.2.4, Opigin of Resident Macrophages

According to van Furth (1980), all macrophages, both
under steady state (regident) and inflammatory conditions
(exudate) are assumed to derive from blood monocytes and
any phenotypic differences noted among macrophages are
usually attributed to differences in thelr maturational
state or local adaptation to the environment (Kaplan and
Gaudernack, 1982; Bar-Eli et al,1981; Simon et al,i1877).
This was confirmed by Parwaresch et al (1881),  using
estérase ispenzyme patterns when they showed that prolonged
culturing of blood monocytes results in a gradual
transition of their péttern to that of resident
macrophages.

However although kinetic studies support the view that
resident macrophages are monocyte derived (van Furth and
Cohn, 1968) doubts have still remained (Daems and De
Bakker, 1982; Daems, 1980; Volkman, 19767 mainly because of
the differences in peroxidatic activity between blood
monocytes and resident macrophages, A gsolution to this
problem was explained, however, by Beelen and Fluitsma
(1982), when they c¢learly showed both kinetically and
cytochemically that resident macrophages are recruited
from blood monocytes via the transitional stage of exudate-
resident macrophages. This does not, of course, exclude the
possibility that very occasionally a resident macrophage
may be capable of division. The opposing view was that
there are two functionally divergent types of macrophages
i.e. resident macrophages and monocytes derived macrophages
that differ in origin (Daems and De Bakker, 1982;

Daems, 1980 Volkman, 1876). Daems and De Bakker (1982)
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suggested that peritoneal resident macrophages are derived
from locally proliferating cells which themselves arise
from specific stem cells in the bone marrow, differing from
the stem cells of the monocyte/granulocyte series.

The origin of ‘the resident macrophages is still

therefore controversial and not resolved conclusively.
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1.9 PROPERTIES OF MONONUCLEAR PHAGOCYTES

The cells of the mononuclear phagocyte system
are involved Iin many areas, Iincluding defence against micro-
organisms, and in scavenging dead or damaged c¢ells or
debris. They are also important as secretors of
biologically active compounds, and play an important role
in the regulation of haematopoiesis and iron metabolism.
Macrophages possess a number of cell surface receptors and

antigens which are involved in a variety of functions.

1.9.1, DPefence Ageinst Mioro-orgenisms

1.3.1.1. Macrophages as Phagocytic Cells

Engulfment &and killing of micro-organisms {is an
esgential step assumed by macrophages 1Iin the defence
against infection. Phagocytosis can be divided into three
stages: attachment, ingestion, and killing of micro-
organisms.

Attachment and ingestion can be mediated through Fec
and complement receptors or by the non-specific binding of
particles to glycoproteins on the macrophage membrane,
which bind to carbohydrate constituents of the bacterial
cell walls or <cell membranes. These mechanisms are
discussed in detail in sectlon 1.3.4.

On ingestion of the molecule or particle the phagosome
normally fu;es with lysosomes in the cell forming a
phagolysosome. Lysosomes are membrane-bound vesicles
containing a variety of enzymes that are cébable of

degrading ingested debris (Jacques and Bainton,1978).
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Most micro-organisms are destroyed within a few minutes,
and within 2 hours extensive degradation may occur. Oxygen
intermediates (02—, H202, OH®) appear to be responsible for
the initial killing of micro-organisms (see section

1.3.6.6).

The consequences of phagocytosis are different for

intracellular and extracellular parasgites. For the
extracellular parasite, uneguipped for intracellular
survival, phagocytosis represents the end. The opposite

is the case with intracellular parasites, as their defence
mechanisms tend to be related to their ability te resist
host microbicidal properties. For many extracellular
bacteria effective antiphagocytic devices have evolved
(reviewed by Horwitz, 1982), the most important of which is
the antiphagocytic capsule. Other antiphagocytic
determinants are the M protein cell surface antigen of
group A streptococci, pili and the protein A'of S.aureus
which 1is known to bind the Fc region of Immunoglobulin G
(I1gG) frem various species. Other ways for the bacteria to
avoid phagocytosis is to kill the phagocyte 1itself by
producing substances that are highly toxic to leucocytes eg

streptolysins 0 and S, and streptococcal B-haemolysins.

1.3.1.2. Macrophages as Cytotoxic Cells

Macrophages can kill neoplastic cells by non-
phagocytic mechanisms. When appropriately activated
macrophages selectively and efficiently lyse neoplastic
cellis in a contact~-dependent, non-phagocytic process
requiring several days termed macrophage mediated tumour

cytotoxicity (Adams and Nathan, 1883). Macrophages can also
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bind and lyse antilbody-coated target cells via Fc
receptors. This is known as antibody dependent
cellular cytotoxicity (ADCC) and was demonstrated by
Conkling et al (1982) in human peripheral blood monocytes

and alveolar macrophages. The ability of macrophages to

destroy tumour cells in a non-specific way makes 1t

pozsible to envisage a role tfor macrophages in
immunological surveillence of tumours (Fernandez-Cruz
t al,1985),

4.9.2. Removal of 0Oid and Damaged Cells and DPebris

Changes in erythrocyte surface membranes caused by
immunoglobulin (lg) coating, physical or chemical injury,
gsurface carbohydrate alterations or aging results in
erythrophagocytogis by the mononuclear phagocyte system
(Maruta and Mizuno,1871) as well as clearing of normal
debris. Through this ability to catabolise red blood celis,
the mononuclear phagocytes also play an important role 1in
iron metabolism. The major part of the iron derived from
degraded haemogl!obin is released to the plasma and bound by
Transferrin (Tf) which carries it to the bone marrow for
erythropoiesis (Brock, 1885). However in a variety of
conditions such as acute and chronic infections and chronic
inflammatory diseases a type of mild anaemia occurs, which
seems to be due at least in part to an impaired release of
iron from the phagocytic mononuclear cells of the

reticuloendothelial system (Roeser, 1880).
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4.9,2, Begulatien of Hasmatopoiesis

The formation of granulocyte and monocyte colonies in
culture 1is dependent on substances with specific colony
stimulating activity (Metcalf, 1982, Golde and CLine, 1972).
Control of marrow stem cell proliferation may depend on
production of prostaglandins (PG) by macrophages which
limits stem cell proliferation, and is produced in response
to raised levels of colony stimulating activity (Kurland
et al,1978). Macrophages therefore control the

proliferation of their own and other progenitor cells

through both positive and negative feedback systems.

1.3.4. Mscrophage Cell Surface Receptors

Optimal phagocytosis of opsonin-coated micro-organisms
and particles is mediated mainly by receptors for either
the 1[Ig Fc domain or low molecular weight fragments of the
complement component C3 (Newman et al,1985; Silverstein and
Loike, 1980). This response is highly specific and
localised, each step of phagosome formation and fusion
being directed by sequential engagement of opsonin and
receptor, a process termed the "zipper hypothesis" of
phagocytosis (reviewed by Silverstein and Loike, 1980).

Membrane receptors provide the essential recognition
function required for control of macrophage responses to
changes In their cellular environment. Passwell et al
(1980) also showed that the binding of Fc fragments to Feo
receptors on human cells induced selective secretion of
some proteins but at the same time decreases the synthesis
and secretion of others.

In addition to receptors for Ig and complement the
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macrophage surface bears receptors for a variety of
hormones, including insulin (Mckeever and Spicer, 1880) and
other proteins such as fibronectin (Wright and Meyer, 1885)
and lactoferrin (van Snick and Masson, 1876).

Macrophage plasma membranes also show lectin-like
receptors for carbohydrate which may play a crucial role in
recognition and endocytosis of glycoproteins and micro-
organisms (Haeffner-Cavaillon et al,1982; Glass et al,1881;
Weir,1880; Weir and dgmundsdéttir, 1977).

| Receptors for colony stimulating factor have also been
found on macrophages (Guilbert and Stanley,1980). This
receptor through the bindfng of colony stimulating factor
not only initiates proliferation, but induces morphological
changes such as spreading in mature macrophages and

differentiation along the monocyte-macrophage Iineage 1in

immature myeloid stem cells (Metcalf, 1882).

1.3.4.1. Receptors for lmmunoglobulins

’

Macrophages express distinct plasma membrane receptors
for different isotypes of lg. Newman et al (1985) showed
that human peritoneal macrophages possessed receptors for
the Fc¢ portion of IgG, while Melewicz et al (1982)
detected Fc receptors for IgE on human peripheral blood
lymphocytes and monocytes. Receptors for the Fc portion
of IgA have also been found on human monocytes and
polymorphonuclear leucocytes, which may be involved in
defence of the mucosal surfaces (Fanger et al,1880) and
evidence for the presence of specific IgM receptors on

macrophages was provided by Uher et al (1881).

Green et al (1985) showed that Fc receptors are
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probably transmembrane glycoproteing, which are gynthesised
in the rough endoplasmic reticulum and transported
intracellularly to the plasma membrane. Binding of Ig to
itgs receptors can modulate cell behaviour dramatically.
For example, cross linking of the IgE receptors triggers
explosive degranulation of mast cells and basophils,
releasing preformed mediators with important physiological
consequences (Metzger et al,1986; Metzger, 1983). IgE
receptors can also mediate the endocytosis of small IgE
complexes (Isersky et al,1983) and human monocytes lyse
IgE-coated erythrocytes (Melewicz et al,1981), and
parasites in vitro (Joseph et al,1978).

Apart from the well known attachment and
internalisation of lig;nd-bound particles (Silverstein and
Loike, 1880), interaction of macrophage [1gG-Fc receptors
with immune complexes or opsonised particles also leads to
secondary events including antibody-mediated cytolysis of
target cells (Conkling et al,1882), the release of
inflammatory agents (Humes et al,1980), as well as neutral
proteases (Ragsdale and Arend,1979). On lymphocytes, Fc
receptors appear to be involved less in endocytic and
cytotoxic functions than in modulating antibody production
(Neauport-Sautes et a2l1,1879).

Human leucocytes express at least two different Fc
receptors specific for 1gG; a low avidity receptor which is
found on tissue macrophages and neutrophils and a high
avidity Fe receptor found on blood monocytes and
macrophages (Kurlander et al,1984). The low avidity
receptor is believed, from the work of Unkeless (1986), to

be primarily for immune complex clearance in vivo. The
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high avidity receptor, in contrast, may be involved in the
transport of immunoglobulins .

Ligand binding can modulate the plasma membrane
expression of Fc receptors in macrophages by altering the
receptor’s pathway of intracellular transport during
endocytosis. Uptake of mulitivalent lg immune complexes
leads to a large irreversible loss of surface Fc receptors
due to their delivery to and degradation in the Ilysosomes
(Mellman and Plutner, 1984; Meliman et al,1283). Receptors
tagged with a monovalent ligand are also internalised but
avoid transport to lysosomes by rapidiy recycling to the
cell surface (Mellman et al, 1984). These findings suggest
that cross-linking of adjacent Fc receptors to multivalent
ligands may prevent recycling and provide the signal for
transport to lysosomes. Interferon (IFN) was also found to
alter the number of Fe¢ receptors (Ezekowitz and
Gordon, 1986; Rhodes et al,1983; Vogel et al,1583), and

these factors may therefore play an important role in the

activity of phagocytes.

1.3.4.2. Receptors for Complement

Human blood monocytes and macrophages have at leasgt
two distinct membrane receptors - CR1 and CR3, that
recognise primarily the C3b and 1iC3b fragments of C3
regpectively (Newman et al,1985; Ross and Lambris,1882).
In addition studies have suggested that under certain
conditions monocytes may also express a CR2 receptor that
is specific for the d region of iC3b (Inada et al,1883).

CR1, which binds C3b, is poorly expressed on resting,

circulating phagocytic cells, but rapid "up regulation®" is
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geen with a variety of stimuli such as lymphokines (Joiner
et al,1984). This mechanism for increasing the expression
of CR1 could prepare chemotactically migrating cells for
recognition of material that has been opsonised with C3b.
The molecule binds particles coated with C€C3b to the
phagocyte surface. The second C3 receptor, CR3, has a
higher affinity for C3bi, a cleﬁvage product of C3b, than
for C3b. Recent studies showing that children deficient in
the expression of CR3 are highly susceptible to bacterial
infections (Dana et al,1884; Ross and Newman, 1880)
represent the best evidence that this receptor is important
in phagocytosis.

Fc receptors are able to move freely within the plasma
membrane and are thought to function independently of
receptors for complement (Michl et al,1979; Griffin
et al,1975). In contrast, studies by Kaplan et al (1978)
indicate that unlike Fc receptors, the complement receptors
on macrophages normally occupy a relatively fixed membrane
distribution. This may be important as work by Griffin and
Mullinax (1981) and Kaplan et al (18978) suggested that for
a receptor to promote particle ingestion it must be able to
move within the plane of the plasma membrane.

Ehlenberger and Nussenzweig ((1877), and Mantovani
et al (1972) suggested that C3 and 1gG may have separate
roles in phagocytosis. I gG, through its Fc fragment,
directly stimulates particle ingestion, but is relatively
inefficient at inducing particle binding. On the other
hand C3 primarily mediates the binding of the particle via

complement receptors. A marked synergy exists beween C3

and IgG in inducing phagocytosis. Depending on the
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experimental conditions, the presence of particle-bound C3
can reduce by 100 fold the amount of IgG required to
produce particle internalisation (Ehlenberger and
Nussenzwelg, 1977). This suggests that the role of C3 1in
opsconisation is mainly one of establishing contact between
particle and phagocyte.

Another important finding 1Is that although the
gquantity of ingestion mediated by the Fe¢ receptors is
greater in activated than in nonactivated macrophages,
virtually all Fc¢ receptore of both resident, elicited and
activated macrophages mediate attachment and ingestion
(Bianco et al,1875). With complement receptors there 1isg,
however, a qualitative difference in function in activated
and nonactivated macrophages 1i.e. resident peritoneal
macrophages bind C3b-coated particles via the corresponding
receptor, but do not ingest them, whereas elicited and
activated macrophages can both bind and ingest such
particles, Phagocytosis of complement-opsonised particles
therefore pccurs among activated populations of macrophages
(Griffin and Mullinax,1985,1881; Bianco et al,1875) and
may therefore be a marker for macrophage activation
(Edelson, 1981). The ability of human peritoneal macrophage
CR1 and CR3 receptors to mediate phagocytosis was ‘also
shown to be maturation dependent (Newman et al,1885).
Furthermore, in human macrophages interaction with
fibronectin causes receptors for C3 to avidly promote
phagocytosis in the absence of 1gG (Wright and Meyer, 1985).
The activation of compliement receptors by fibronectin

occcurs rapidily, is completely reversible and 1is not

accompanied by a change in the number of C3b or C3bi
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receptors (Wright et al,1884). '~ C3 receptors on phagocytic
cells may therefore exigt in two states, one that leads to
attachment without phagocytosis and a second one that, like
the 1I1gG-Fc receptor, mediates ingestion as well as

attachment (Blanco et al,1975}.

£.9.5. HLA-DR Expression

Macrophages play an important role as accessory cells
in the initiation and regulation of ;specific immune
responses by presenting antigen to T cells (reviewed by
Unanue et al, 1984 and Unanue,1i861). The membrane
glycoproteins that appear to be critically involved in this
antigen presentation are the lI-region-~associated antigens
in rodents (Schwartz et al,1978) which are equivalent to
the human-leucocyte antigens (HLA-DR) in man. These
molecules are glycoproteins consisting of two noncovalently
linked polypeptide chains of 34000-36000 daltons (alpha
chain) and 24000-28000 daltons (beta chain; reviewed by
Accolla et al,1984 and Lafuse and David 1884) which are
recognised by the T cell receptor (reviewed by Kronenberg
et al,1886 and Haskins et al,1984) on helper T <cells in
conjunction with the antigen. Ziegler and Unanue (1981)
provided direct evidence that a macrophage-antigen
processing event is essential to T cell recognition of the
antigen. During this process the antigen 1s partialily
catabolised by the macrophage and then presented with the
la to the T cell receptor leading to subsequent
proliferation of antigen-specific T cells. The levels of

la positive macrophages can be markedly increased 1in

response to local immuncological stimulation, indicating

21



that this population 1is sensitive to environmental
regulation (Beller et al,1980). This amplification of the
la positive macrophaggs in rodents and man is regulated by
lymphokines produced by activaﬁed T cells (Stastny. and
Nunez, 1884; Beller and Ho,1882; Scher et al,1882; Steeg
et al,1882) now known to be gamma IFN (Gershon et al, 1985;
Sztein et al,1984; Basham and Merigan, 1983; Steeg
et al,1982).

Data from Calamai et al (1982), Beller and Unanue
(1951), and Steinman et al (1880), indicate that there is
an interconversion of la positive and la negative
phenctype, and the presénce or absence of la does not
demarcate a stable subset of macrophages. Calamai et al
(18982), for example, showed that all macrophage precursors
generated macrophages with the potential to express la, as
100% of colonies contained la positive cells after
gstimulation by T-cell lymphokine. This suggests that there
are not separate and divergent lineages of la positive and
Ia negative macrophages but, as found by Scher et al
(1982), la positive and la negative macrophages derive from
a potentially common la negative stem cell.

Studies of HLA-DR antigen expression on macrophages
and macrophage precursors (monocytes) in man have been
less extensive than those in mice and sometimes divergent
or conflicting results have been reported. According to
Ng et al (1982) and Albrechtsen (1977) only a subpopulation
of monocyte/macrophages in man express HLA-DR. Others
(Smith and Ault,1981; Raff et al,1980) have concluded that

probably all such cells were positive, although large

graduations in the intensity of fluorescence were noted.
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Smith and Ault (1981, also showed that peritoneal
macrophages from CAPD patients stained at the time of
isolation showed a similar level of HLA-DR expression to
that found with purified blood monocytes. During short
term culture of both monocytes and peritoneal cells, a 2-3
fold 1increase in the average amount of surface HLA-DR per
cell was seen, which after 12 hours reached a plateau and
diminished only slightly thereafter.

More recent work by other groups has not solved this
question of the degree of HLA-DR expression by mononuclear
phagocytes. Costabel et al (1986), Clerici et al (1984),
Sztein et al (1984) and Golder and Doe (1983) found 45-94%
of human macrophages expressed HLA-DR whereas Razma et al
(1984) found much lower levels (21%). Possible reasons for
these conflicting results will be discussed in Chapter 4.

PG, which are the well known mediators of inflammatory

reactions, also function as important modulators of la

expression. They markedly 1inhibited 1la expression on
mur ine imacrophages previously stimulated by Ilymphokines
(Snyder et al,1982). Kunkel et al (1886) also showed that

PG could suppress murine macrophage la antigen expression,
but it appeared to have little effect on the expression of
HLA-DR antigen by human monocytes and macrophages;

Gruner et al (1986) found decreased expression of HLA-
DR antigens on human peripheral blood mononuclear cells
after one day of culture with opsonised =zymosan. This
decrease was prevented by B carotene, a scavenger of
reactive oxygen intermediates (RCI1), or by superoxide
dismutase. ROI are formed at inflammatory sites and during

phagocytosis by macrophages/monocytes in the course of the

23




respiratory burst (see section 1.3.6.6; Rossi et al, 1986;
Babior, 1984). The effect of ROl on HLA-DR expression was
verified wsing mononuclear <cells from patients with a
heterozygous form of chronic granulomatous disease, which
are deficient in the production of RO! because of a genetic
defect in the enzyme NAPDH oxidase (Gallin et al,1883). No
alteration in HLA-DR antigen expression after culture with
opsonised zymosan was shown (Gruner et al,1986). The effect
of ROI on HLA-DR expression is thought to be due to their
abllity to interfere with the quantity and spectrum of

arachidonate metabolite production, some of which influence

[a expression (Snyder et al,1882).

$:.3.6. Mecrophages ps Secretory Cellis

Macrophages secrete a large and diverse range of
substances. The enzyme content and secretory activity of
mononuclear phagocytes are related to the degree of
cellular differentiation and to the effects of exogenoué

stimuli.

1.3.6.1. Digestive Enzymes

Lysozyme, which mediates digestion of the
peptidoglycan of bacterial cell walls, is a well known and
major secretory product of macrophages. it is secreted
continuously and all populations of macrophages produce and
secrete large amounts of lysozyme irrespective of their
state of activation, phagocytosis or exposure to
lymphokines (Gordon, 1980; Gordon et al,1974).

The selective release of lysosomal acid hydrolases eg

B-glucuronidase and acid phosphatase by mononuclear
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phagocytes occurs in response to numerous exogenous stimuli

(Page et a2l1,1978). Resident peritoneal macrophages secrete

lysosomal hydrolases at low levels, whereas macrophages
obtained from inflammatory exudates or stimulated by
lymphokines contain and secrete increased amounts of

lysosomal hydrolases (Tanner et al,1984; Soberman and
Karnovsky, 19813 Schnyder and Baggiolini, 1980).

The third category of digestive enzymes secreted by
macrophages are the neutral proteases, including
collagenase, elastase and plasminogen activator. Elicited
or activated macrophages, on triggering, synthesise greatly
increased amounts of neutral proteases compared with

resident macrophages (Gordon, 1980; Schnyder and

Baggliolini,b 1980).

1.3.6.2. Interleukin-1

Mononuclear phagocytes are a major source of
Interleukin-1 (IL-1) and release 1t in response to a wide
variety of stimuli, including viruses, bacteria and fungi.
It participates in immune responses by inducing cell
differentiation, antibody secretion, proliferation and
lymphokine production (Kampschmidt, 1984; Staruch and

Wood, 1883; Smith et al,1980).

1.3.6.3. Arachidonic Acid Metabolism

Macrophages are a major source of these important
immunoregulatory molecules, in particular prostaglandins
(PG) and their release from macrophages may occur in
response to a number of different stimuli eg immune
complexes, lymphokines, endotoxin or opsonised bacteria

(Pawlowski et al,1983; Gemsa,1881l; Goodwin and Webb, 1980;
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Humes et al,1977). They appear to be able to act as
negative feedback signals in those immune responses that
require macrophage-lymphocyte interactions (Gemsa, 1981

Goodwin and Webb, 1980) eg by inhibiting IL-1 production.

1.3.6.4. Interferon

Interferons (IFNs) are a heterogeneous family of
proteins. Type 1 or wviral IFN of which mononuclear
phagocytes are significant producers (Neumann, 1982) is
induced by virus infection or bacterial stimulation. Type
I1, (immune IFN or gamma IFN) Is induced by specific
antigens, mitogens or other stimuli and i{s the predominant
form produced by stimulated lymphocytes (reviewed by
Trinchieri and Perussia, 1985).

IFN is known to enhance the capacity of macrophages to
secrete H202 and to kill intracellular parasites as well as
increasing HLA-DR antigen expression (Gershon et 2al,1985;

Wilson and Westall, 1985; Sztein et al,1984; Nathan

pma it |

et al,1983). It also increases the number of Fec¢ receptors
(Ezekowitz and Gordon, 1986; Rhodes et al, 1983, Vogel
et al1,1983) which would probably enhance phagocytosis as a
result. It is therefore a major macroﬁhage activating
factor, which 1is able to regulate the immune response

through its direct effect on mononuclear cells (reviewed by

Virelizier and Arenzana-Seisdedos, 1985).

1.3.6.5. Other Secretory Products

Macrophages secrete multiple components of the
complement system (Bentley et al,1981), including Ciq, C2,
C4, Cc3, and C5 which means that they generate all the

components necessary for local opsonisation of particles.
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1.3.6.6. Reactive Oxygen Intermediates

In response to stimulation macrophages are capable of
releasing reactive oxygen intermediates such as hydrogen

peroxide (H20 ), hydroxyl radical (OH") and superoxide

anion (02'> (Rossi et al,1986; Babior, 1984).

Activation of membrane-bound NADPH (or NADH) initiates

this reaction in which oxygen is reduced to superoxide

-

(0 )

2
NADP+ Flavoprotein 02‘
(NAD+) reduced
2e 1e
NADPH Flavoprotein 02
(NADH) oxidised

The latter converts to H202 either spontaneously or by the

superoxide dismutase-catalysed reaction

- + -
02 + 02 +2H “-'>H202 + 02

H202 may further react to produce the hydroxyl radical
(OH" which is thought to have an important role in cell
damage and killing (Babior,1884).

The production of microbicidal 02 metabolites is
enhanced markedly in macrophages that have been activated
by the presence of infection in the host (Takemura and
Werb, 1984; Johnston, 1981), and sometimes in those elicited
by injection of inflammatory agents (Johnston, 1881). This
capacity to respond to stimulation with increased release
of reactive 02 metabolites appears to play an essential
role in the increased microbicidal capability of activated
macrophages (Nathan et al,1883,1879; Johnston, 1881).

It is now known that these in vivo adaptive changes

are mediated by lymphokines, in particular gamma IFN
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(Wilson and Westall,1985; Nathan et al1,1983) which |is
released by specifically sensitised T-lymphocytes (reviewed
by De Maeyer-Guignard and De Maeyer,1985; Schrelber et
al,1983). In vitro induction of microbicidal activity does
not require contact with sensitised lymphocytes and is non-
specific. Once established, the activated macrophages can
kill not only the bacterial species that led to activation,
but alse unrelated ones.

The mechanism of killing is not yet clearly

H 02
def ined, but 1t is thought to involve the cells ability to
oxldise thiol groups in enzymes and to cause bond breakage

in proteins and DNA, leadfng to lethal alterations in cell

metabolism (Crapo 1977; Michelson, 1877).
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1.4. SERUM PROTEINS AND THEIR ROLE IN ANTIMICROBIAL
ACTIVITY

b:4.1. Immunoglobulin and Gomplement

Phagocytic cells recognise micro-organisms by complex
processes, the most important of which is opsonisation i.e.
the coating of micro-organisms with molecules which
facilitate phagocytosis, of which Ig and complement are the
most important.

Immunoglobul ins, or antibodies are induced when the
host’s lymphoid system comes into contact with immunogenic
foreign molecules (antigens). Five distinct classes of Ig
molecules are produced in man, namely 1gG, 1gM, lga, 1gD,
and IgE. These differ from each other in size, charge,
amino acid composition and carbohydrate content. There is
also considerable heterogeneity within classes. TgG (MW
150000 is the major lg in normal! human serum accounting
for over 7O0% of the total Ig and is the main antibody
discussed in this thesis.

Complement 1is a system of interacting proteins, the
components of which interact in an orderly segquential
fashion giving rise to a cascade analogous to that of the
clotfing system, in that activation of each component
(except the first) depends upon activation of the prior
component or components in‘the sequence (reviewed by
Joiner et al, 1984),

Dpsonisétion of bactegia may occur by three different

mechanisms. Firstly specific antibody, namely [gG alone
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may act as an opsonin, or specific 1gG or I1gM may induce
complement activation via the classical pathway of C1, Ca4,
and C2. Finally the alternative pathway of C3 activation
provides a nonspecific mechanism of opsonisation (Keane and
Peterson, 1984; Winkelstein, 1873).

Most specific antibodies +to bacteria are directed
against surfaces or cell-wall components such ag the
peptidoglycdn (Peterson et al,1978). The antibody combines
with the surface antigen of the bacterium through the
antibody combining sites located in the F(ab')2 portion of
the molecule. The Fc portion of the molecule, which |is
critical to its function as an opsonin is then free to
attach to specific receptor sites on the surface of the
phagocyte (Newman et al,1985) and complete the bridge
between bacterium and phagocyte. In the case of complement
this bridge is formed by C3 components and its receptors.
Fibronectin can also be 1inveolved 1in phageocytosis by
enhancing ingestion of already opsonised particles bound to
the Fc or complement receptors (Wright and Meyer,1885;
Pommier et al,1883).

Two major pathways of complement activation are
fecognised. The classical pathway is generally activated
by the interaction of antibody of the appropriate class and
subclass. In man 1gG 1,2 and 3 and IgM are capable of

activating the classical pathway (reviewed by Joiner et al,

1984). A single 1gM molecule can fix complement, whereas
two closely spaced 1gG molecules are required. IgA, D and

E have no complement binding capacity (Ishizaka
t al,1966).

A second major pathway of complement activation has
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been termed the alternative pathway. This is activated by
binding of C3 or C3b, to certain types of surface. This
pathway can be activated by a number of bacterial organisms
and particles in the absence of specific lg (reviewed by
Joiner et al,1984) and can provide a non-gspecific defence
system for the host,. All gram positive cell walls appear
to activate +the alternative pathway efficiently {in non-

immune serum, leading to the deposgition of C3b on the

bacterial cell wall (Verbrugh et al,1980).

4.2, Transferrin

Transferrin (Tf) is a serum glycoprotein of 80000
molecular weight, the main function of which is iron
transport (Morgan, 1981). Most of the iron is delivered to
ery;hroid precursors for the synthesis of haem. Small but
gignificant quantities of iron are also delivered to non-
erythroid cells, especially those which are rapidly
dividing (Brock and Mainou-Fowler,1883).

However another important property of Tf ig 1its

antimicrobial activity. All micro~-organisms, with +the

possible exception of lactobacilli (Archibald, 19883),

require iron for growth. Hence Tf, by virtue of its high
affinity for iron, can retard microbial growth by
restricting the availability of this element. Tf may
therefore have an important role in defence against

infection (Brock, 1986).

Schade and Caroline (1944;1846) first discovered that
specific iron binding proteins, present in human blood and
in egg whites would inhibit the growth of certain bacteria.

They concluded that the proteins, now known as Tf in blood
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(Holmberg and Laurell, 1845; Schade and Caroline, 1846) bound
iron so tightly that bacteria were unable to obtain a
sufficient amount of the metal for growth. Addition of
iron was found to overcome this bacteriostatiec effect of
Tf. The enhanced susceptibility of animals injected with

iron to infection is now well recognised and can be seen

with a number of different organisms eg Escherichia ocoli

(Bullen et al,1968), Clostridium welchii (Bullen et
al,1967), S.aureus (Gladstone and Walton,1871) and

Klebsiella (Miles et al,1979). In gsituations where iron is
not readily available, bacteria normally acquire this metal
by synthesising high affinity, low molecular weight iron
chelators (siderophores; Finkelstein et al,1983;

Neilands, 1981). Schade (1963) also showed in vitro that

many strains of S.epidermidis failed to grow In serum

without additional iron and their growth was inhibited by
Tf. Miles et al (18979), however, suggested that only a
minority among the environmental bacteria can take
advantage of the decreased resistance associated with such
Increased iron levels but this minority 1is likely to
include the more virulent strains. Iron compounds were
also found to abolish the antibacterial effects of body
fluids in vitro (Weinberg, 1984 Griffiths, 1983;
Bullen, 1981).

Thus Tf, like 1gG and C3 is an important factor to
examine in the PDE of patients on CAFD, as any deficiencies
may contribute significantly to defects in the defences of

the peritoneum.
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.5 AIMB OF THESIE

The work presented in this thesis aims to examine the
peritoneal immune defences of patients on CAFPD. In
particular the activity of the cells with regard to their
ability to deal adequately with possible pathogens is
investigated and their activation or maturation state is
studied by examining their ability to release H202 and
express HLA-DR. In addition this work examines the levels
and activities of serum proteins in PDE, in particular I1gG
and €3, and relates these to the opsonic capacity of PDE,
as inadequate opsonic activity may impair the efficiency of
the phagocytic cells. Determination of the Tf levels and
measurement of in vitro growth of bacteria in the PDE |is
also investigated, as defective Tf-mediated
bacteriostatic activity of PDE would increase the chances
of invading pathogens establishing themselves prior to
mobilisation of phageocytic defences, and thus giving rise
to peritonitis. This work also examines the relationship
of these various celiular and humoral activities with the
incidence of peritonitis, both in individual patients and

by a 9 month longitudinal study of selected patients.
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CHAPTER 2

CHARACTERISATION OF HUMAN PERITONEAL CELLS
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€:1 INTRODUCTION

Macrophages are the first line of cellular
defence against microbial invasion of the peritoneum in the
CAPD patients. However, the removal of large numbers of
cells each day from the peritoneum by the dialysisg routine
regults in a rapid turnover of cells. Replenishment by
ceils other than by the normal resident peritoneal
population may immuno-compromise the immune system of the
peritoneum and leave it. prone to infection. Indeed,
Goldstein et al (1984) suggested that the peritoneal
macrophages from CAPD patients are relatively immature
bone-marrow derived cells which might therfore have reduced
activity.

Much of the work described in this thesis seeks +to
identify any functional defects in these recently arrived
ceils which might impair- the local antimicrobial activity
in s=some patients, leaving them prone to peritonitis. 1t
also seeks to examine the effect the dialysis procedure has
on the overall activity of celis in the PDE and compare
these with the resident peritoneal mononuclear phagocyte
population normally found in the peritoneum.

Before such studies could be wundertaken it was
necessary to establish the quantitative and qualitative
characteristics of «c¢cells in the peritoneal dialysate of
uninfected CAFD patients.

In this chapter the peritoneal cell populations of
CAPD patients have therefore been characterised and

compared with normal human peritoneal cells.
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e:¢ MATERIALS

2.2.1. Culture Medium

This consisted of RPMI 1640 culture medium with 25mM
Hepes (Flow, lrvine, U.K.) containing 5% heat inactivated

(56°C, 30 min) foetal calf serum (FCS : Flow).

2.2.2. Reagents for a-Napthyl Acetate Esterase Stain

(i) Fixative Formol calcium solution consisting of 10%
w/v formaldehyde and 1% w/v Ca012 was used.

(ii)> Phosphate Buffer(0.06M, pH 5) This consisted of a

ratio of 98.5: 5 of KHZPD4 (9.08 g/ 1> : NazHPDa.ZHZD
(11.88 g/1) respectively. The buffer was sterilised by

autoclaving.

(iiid)Hexazotised Paraosaniline This contained equal

volumes of two solutions which were prepared as follows :

Solution A : 5 ml of concentrated HC! was added to 20 ml
of distilled water to which had been
previously added 1g of parascaniline (Sigma:
Poole, Dorset, U.K.). This solution was
gently warmed to dissolve the
parasoaniline, allowed +to stand at room
temperature to cool and finally filtered.
The filtrate was then stored in the dark at
4°c.

Solution B : This was a freshly prepared solution of 4%

NaNO, in distilled water.
4

(ivia-Napthyl Acetate Esterase (ANAE) Stain A 2.4 ml

volume of hexazotised parasoaniline was added to 40 ml ot
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the phosphate buffer. Next a freshly prepared solution of
10 mg of a-napthyl acetate (Sigma) in 0.4 ml! acetone was

added and the pH raised to 5.8 with 2N NaOH. The stain

was filtered before use.
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2.3 PATIENTS AND CONTROLS

2.3.1. Patient Samples

’

Samples were obtained from a total of 35 patients (19
\

females, 16 males) on CAPD (Table 1). Their ages ranged
from 23 to 76 years and they had been on CAPD for times
ranging from 1 day to 4 years. Fifteen of the patients were
on the Fresenius safe-lock system and the remainder on the
Travenol System 1. A total of 76 samples were obtained
(Table 2). Peritonitis was diagnosed by the medical staff
of the Western Infirmary by the criteria of abdominal pain,
cloudy PDE, positive growth culture of micro-organisms and
a dialysate white cell count of greater than 100/mm3 in
which neutrophils predominated. Although these criteria are
suitable for the actual! diagnosis of peritonitis, no
indication is given as to the types and numbers of cells
found before and after its clinical diagnosis which it is
essential to know in order to ensure that infected samples
are not used as examples of cells found in the normal
uninfected PDE. Other criteria for excluding infected

samples may therefore have to be used to overcome this

problem, and this is discussed further in section 2.5.1.

2.3.2. Normal Controls

Normal peritoneal cells were obtained from 8 healthy

women under going laparoscopy for sterilisation.

38



TABLE 1: Details of Patients from whom Peritoneal Celis were

isolated for Characterisation.

PATIENT SEX AGE MONTHS SYSTEM DIAGNOSIS

INITIALS (YRS) ON CAFD

A.Ba female 58 40 Fx  Polycystic Kidneys
A.Bl male 70 =] T+ Glomerulonephritis
A.Ca female 75 7 F Glomerulonephritis
W.Ch male 48 9 T Diabetic Nephropathy
R.Co female 38 39 F Gilomemulonephritis
W.Co male 33 0 T Unknown
[.Cu female 68 7 T Pyelonephritis
C.Fe male 53 1 T Diabetlc Nephropathy
A.Fu female 42 1 F Unknown
M. Ge female 60 41 F Hypertension
B.Go male 23 16 T Diabetic Nephropathy
N.Ja male 37 19 F Diabetic Nephropathy
I.Jo male 37 6 T Glomerulonephritis
W.Ka male 46 0 T Glomerulonephritis
R.Le male 55 2 T Diabetic Nephropathy
M.McA female 51 46 F Hypertension
M. McC female 55 19 F Analgesic Nephropathy
A.McD male 64 20 F Glomerulonephritis
J.McF male 48 45 T Glomerulonephritis
C.McG female 62 6 T Analgesic Nephropathy
L.McL female B55 7 F Pyelonephritis
M. McV female 54 7 F Polycystic Kidneys
P.McV male 61 0O T Pyelonephritis
A.Me female 36 18 T Glomerulonephritis
T.Mo male 45 1 T Glomerulonephritis




TABLE 1: cont.

PATIENT SEX AGE MONTHS SYSTEM DIAGNOSIS

INITIALS (YRS) ON CAPD

CAMy  female 42 27 T Polyeystic Kidneys
S.Pa female 52 ) F Polycystic Kidneys
C.Pa female 68 46 F Analgesic Nephropathy
M.Re female 63 4 F Diabetic Nephropathy
R.Ro male 39 1 T Unknown
I.Sé female 48 36 T Analgesic Nephropathy
M.Sm female 60 1 T Polycystic Kidneys
W.St male 76 6 T Unknown
A.Wa female 49 1 F Polycystic Kidneys
W.Yo male 44 21 T Diabetic Nephropathy

# F= Fresenius safe-lock system

+ T= Travenol System 11
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TABLE 2: Differential White Cell Counts and Peritonitis

Rates in the PDE of Dialysis Patients.

NUMBER PERCENTAGE OF FREQUENCY®
PATIENT MONTHS OF CELLS ~ememmo e e e e e e e OF

INITIALS ON IN PDE_ MACRO- LYMPHO- NEUTRO- EOSINO- PERITONITIS

CAPD x10 PHAGES CYTES PHILS PHILS

+A.Ba 40 <5 - - - - 0.3
+ 41 <5 - - - - 0.3
+ 42 <5 - - - - 0.3
A.BI 9 <5 - - - - 2.7
10 <5 - - - - 2.4
A.Ca 7 45 78.0 20.0 2.0 0.0 6.8
9 24 71.3 21.8 4.6 2.3 5.3
13 © 56 71.9 15.5 9.1 3.5 5.5
+W.Ch ) 320 60.8 15.5 8.1 15.6 1.3
11 203 £2.0 15.2 9.8 13.0 2.2
R.Co 39 <5 - - - - 0.0
W.Co 0 292 64.3 18.6 7.8 9.3 0.0
* 1 12000 36.5 5.5 58.0 0.0 12.0
2 141 71.0 17.1 2.4 9.5 6.0
2 96 64.8 26.0 3.8 5.4 6.0
I.Cu 7 16 76.0 22.2 1.8 0.0 1.7
C.Fe 1 140 76.9 22.3 0.8 0.0 12.0
A.Fu 1 52 88.4 11.6 0.0 0.0 0.0
+M. Ge 41 <5 - - - - 5.3
B.Go 16 35 61.3 24.2 14.5 0.0 0.0
N.Ja 19 <5 - - - - 0.0
22 <5 - - - - 0.5
iI.Jo 6 60 66.7 23.6 4.7 5.0 6.0
W.Ka 0 70 70.3 25.8 3.0 0.9 0.0
R:Le 2 20 69.8 23.9 3.8 2.5 12.0
3 25 85.0 14.0 1.0 0.0 8.0
+M. McA 46 - 960 13.0 6.0 79.4 1.6 2.1
+ 47 480 21.7 19.6 28.3 30.4 2.0
+ 49 203 15.9 7.3 75.4 1.4 2.0
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TABLE 2 cont.

NUMBER PERCENTAGE OF FREQUENCY ¥
PATIENT MONTHS OF CELLS =----mmmmmmm e e e e e oF

INITIALS ON IN PDE; MACRO- LYMPHO- NEUTRO- EOSINO- PERITONITIS

CAPD x10 PHAGES CYTES PHILS PHILS

M.McC 23 <5 - - - - 0.5
+ 19 168 37.0 17.8 8.2 37.0 0.6
+A.McD 20 <5 - - - - 2.4
+ 23 <5 - - - - 2.1
J.McF 45 <5 - - - - 2.9
* 46 960 44,2 3.4 52,4 0.0 2.9
49 <5 - - - - 2.7
C.McG 6 26 75.6 18.4 3.5 2.5 0.0
=) 172 60.6 13.5 14.68 11.1 2.7
+ 11 384 45.6 22.6 16.1 15.7 3.3
12 <5 - - - - 3.0
L.McL 7 15 77.7 20.6 1.7 0.0 5.1
M.McV 7 112 61.4 21.0 6.2 11.4 5.1
+ 11 104 39.3 29.7 15.3 15.7 4.4
P.McV 0 72 63.6 20.4 14.2 1.8 0.0
1 114 52.2 13.9 3z.2 1.7 0.0
2 43 50.3 42,1 5.9 1.7 0.0
*A.Me 18 52500 27.8 7.0 58.1 7.0 4.0
19 136 61.1 30.0 7.3 1.6 3.8
20 12 65.4 24.6 10.0 0.0 3.6
T.Mo 1 24 75.0 23.0 2.0 0.0 0.0
3 310 49.5 15.8 25.4 9.3 0.0
A.My 27 <5 - - - - 0.4
30 <5 - - - - 0.4
33 <5 - - - - 0.4
S.Pa 5 <5 - - - - 9.6
6 32 77.6 168.3 4.1 0.0 8.0
+C.Pa 46 <5 - - - - 0.5
+ 47 <5 - - - - 0.8
+ 48 <5 - - - - 0.8
+ 49 <5 - - - _— 0.7




TABLE 2: cont.

NUMBER PERCENTAGE OF FREQUENCY#
PATIENT MONTHS OF CELLS -rmr-meme e r e e e e e - - oF

INITIALS ON IN PD§5 MACRO- LYMFHO- NEUTRO- EOSINO- PERITONITIS

CAPD X10 PHAGES CYTES PHILS PHILS

¥M.Re 4 19000 - 20.0 5.0 75.0 0.0 6.0
- 5 460 58.4 16.7 23.8 1.1 4.8
6 76 64.8 28.5 4.4 2.3 4.0
12 120 71.7 11.9 15.0 1.4 4.0
13 26 75.0 14.0 11.0 0.0 3.7
R.Ro 1 25 86.0 12.0 2.0 0.0 0.0
1.85c¢c 36 21 T74.8 19.1 6.1 0.0 1.0
37 <5 - - - - 1.0
“M.Sm 1 48 32.3 8.7 54.7 4,3 12.0
o : 2 132 34.3 16.9 48.8 0.0 6.0
* 3 58000 10.7 1.4 87.9 0.0 8.0
W.St 6 64 66.0 30.0 4.0 0.0 6.0
6 77 64.0 21.0 15.0 0.0 6.0
A.Wa 1 84 68.3 18.0 4.3 8.4 0.0
& <5 - - - - 0.0
W.Yo 21 <5 - - - - 2.9
Mean 17 195 58.3 18.0 19.0 4.7 3.1
Minimum 0 <5 10.7 1.4 0.0 0.0 0.0
Maximum 49 58000 88.4 42,1 87.9 37.0 12.0

¥ Samples from patients with active peritonitis
~ Samples from patients recovering from peritonitis

o Samples from patients just before <c¢clinical diagnosis of
peritonitis

+ Samples from patients with inflammatory or allergic reactions

- No differential cell count

# The frequency of peritonitis was calculated by multiplying the
total number of episocdes experienced by each patient by 12 and
dividing by the number of months on CAPD. Diagnosis of peritonitis
was determined as described in section 2.3.1.
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4. HETHORE

2.4.1. Isolation of Peritoneal Cells

The fluid from the overnight CAPD exchange was spun in

a M.S.E. Mistral centrifuge in 1-litre bottles at 500g for

15 minutes. The supernatant was removed and the cells
resuspended in cul ture medium (2.2.1>, washed by
centrifugation at 250g and pooled. The cells were counted
and viability determined by eosin exclusion. Peritoneal

cells obtained by aspiration of fluid from the peritoneum
of normal women (samples were normally 2-5ml) were
centrifuged at 250g and the cells washed as above. 1f the
pellet showed heavy contamination with erythrocytes these
were lysed by suspending the cells in 1iml of distilled
water for 1 minute followed by readjustment to isotonicity

with a 10-fold excess of culture medium (2.2.1).

2.4.2. Leishman Staining

Peritoneal cells were collected and counted &S
described above. Approximately 5x104 cells were deposited
on clean glass slides in a Shandon cytocentrifuge at 800
T.p.m. for 90 seceonds and then air dried. The cells were
then fixed and stalined by first adding undiluted Leishman
Stain (Exogen Ltd., Clydebank, Glasgow, U.K.) for 2 minutes
and then diluting the stain with 2 voiumes of distilled
water and leaving for 10 minutes. "Preparations were then
washed in tap water, air-dried, and mounted in DPX.

Different fields of view were examlined in a Leitz-
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Wetzlar light microscope (x200) and the percentage of each

cell type calculated.

2.4.3. a-Napthyl Acetate Esterase (ANAE) Staining

Cytospin preparations of peritoneal cells were
prepared as above. They were then fixed in formol calcium
(2.2.2.1) at 4°C for 10 minutes and washed in tap water for
20 minutes at room temperature. ANAE activity was
demonstrated by incubating with the ANAE staining reagent
(2.2.2.1v) for 2 hours at 37°C. Cell preparations were then
washed gently in running tap water for 10 minutes, left to
dry at room temperature and then counterstained with 2%
methy!l green for 30 seconds. Finally, cells were washed in
tap water, air-dried, and mounted in DPX. Slides were
examined using the light microscope (%400 and the

different cell types scored.

2.4.4. Statistical Methods

Spearman rank correlation was the only test used.
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€:5: BEBULTS

2.5.1. Differential White Cell Counts of Peritoneal Cells

Obtained from CAPD Patients

Macrophages, lymphocytes, neutrophils, and eosinophils
were classified using Leishman-stained preparations
according to the normal ec¢riteria. Macrophages were

identified by their size and typical bean-shaped nucleus,

lymphocytes by their large round nucleus and scanty
cytoplasm, and poiymoréhonuclear leucocytes by their
muitilobed nucleus. Neutrophils and eosinophils could
easily be distinguished by the absence or presence,

respectively, of staining of the cytoplasmic granules.
Typical morphology of each cell type is shown in Figure 1.
Differential white cell counts of CAPD cell
preparations were performed whenever possible on the 76
gsamples obtained from patients. Overall the mean percentage
of each cell type was 58.3% macrophages, 18.0% lymphocytes,
19.0% neutrophils, and 4.7% eosinophils (Table 2). Héwever,
this was not a true representatbn of the cells found in the

PDE of "steady-state" CAPD patients, as it incliudes several

patients with on-going peritonitis, as well as a few who

were recovering from peritonitis or just before its
clinical diagnosis. In addition several PDE samples were
obtained from patients with allergic/inflammatory

reactions (Table 2). Since the purpose of this study was to
examine the normal population of cells found in patients,

it was important to establish criteria for «classifying
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"steady-state" patients and avoid including cell
populations which may have been altered by factors outside
the normal dialysis routine.

When a bar chart was c¢onstructed showing the
proportion of neutrophils in the PDE of dialysis patients
(Figure 2), it was found that all except 2 of_the samples
with 15% or less neutrophils were from patients who were
tree from either peritonitis complications or
hypersensitivity reactions to the dialysis routine or the
dialysate itself. The 2 samples mentioned above were from a
patient with sclerosing peritonitis and another who had
had a recent catheter implanted. The proportions of
eosinaophils in these were 37.0% and 15.6% respectively. in
view of this only samples containing <15% of both
neutrophils and eosinophils were considered appropriate for
further investigations of cellular activity of cells from
normal CAPD patients.

When samples containing 15% or more of neutreophils or

eosinophils were eliminated fraom those on which
ditferential white c¢cell counts were performed, 66% of
samples remained. In these, the mean percentage of each
cell type was 69.9% macrophages (range 50.3-88.4), 20.7%

iymphocytes (range 11.5-40.1), 6.1% neutrophils (range
0-15.0) and 2.9% eosinophils (range 0-13.0).

Since the presence of non-specific esterase is highly
characteristic of macrophages, seven samplies were also
stained with ANAE as well as with Leishman in order to
establish that the Leishman was adequate for routine
jdentification of cells (Table 3). Macrophages showed

diffuse brown staining in their cytoplasm, while presumed
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FIGURE 2:

% of neutrophils

Proportion of Neutrophils in FDE,

Samples ftrom patients with no diagnosed

complications.

Samples trom patients with non-infectious

inflammatory or allergic reactions.

Samples from patients with peritonitis.
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TABLE 3: Comparison of Leishman and «-Napthyl! Acetate
‘Egterase (ANAE) Staining of Peritoneal Cells
from CAPD Patients.

LEISHMAN STAIN NON-SPECIFIC ESTERASE STAIN

PERCENTAGE OF*: PERCENTAGE OF :

PATIENT MACRO- LYNPHO- NEUTRO-  MACRO- T-CELLS NEGATIVE

PHAGES CYTES PHILS PHAGES STAINING

aca 8.0 20.0 2.0 0.7 5.0 143
W.Co 36.5 5.5 58.0 32.7 4.1 63.2
A.Fu 88.4 11.86 0.0 89.1 6.4 4.5
R.Le 85.0 14.0 1.0 86.0 8.0 6.0
5.Pa 77.6 18.3 4,1 81.4 9.7 8.9
I.S¢ 74.8 19.1 6.1 73.5 7.4 i9.1
A.Me 65.6 24.4 10.0 70.0 9.9 20.1

¥ None of these samples contained any eosinophils.

50



T-lymphocytes contained small brown spots. The remaining
lymphocytes (presumed B-cells) and all other cell types
remained unstained (Figure 3a). Results showed that
staining for non-specific esterase verified the Leishman
stain (Table 3). For example, in Figure 3a (cells from
patient W.Co) the percentage of ANAE-positive cells
(excluding T-cells) was low (32.7%) as the sample contained
large numbers of neutrophils and this compares well with
the corresponding figure obtained with Leishman stain
(Table 3, and Figure 3b; 36.5%). In contrast, the
percentage of ANAE-positive cells (excluding T-cells) in
Figure 4a (patient 1.5c) was 73.5%, which agrees well with

74.8% assesgsed by Leishman stain (Table 3, and Figure 4b).

2.5.2. Eosinophilia

An interesting observation in several patients’
samples was the presence of eosinophilia. Five patients,
all with between 10?—108 cells in their peritoneal
effluent, had an increased average number of eosinophils
(mean 22.7%) compared with the average of 4.7% found in all
the samples (Table 2). An example of cells from an extreme

case of ecsinophilia is shown in Figure 5.

2.5.3. Differential White Cell Counts of Peritoneal Cellls

Obtained from Normal [Individuals

An average of 891.4% of normal peritoneal cells were
identified as macrophages by Leishman stain (Table 4, and
Figure 6b). Neutrophils were absent, the remaining cells
being lymphocytes. Three of the samples were also stained

for non-specific esgsterase and the percentage positive
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F1GURE 4 t Perl toneal Ce 1l1s from a CAPD Fat ient. (x1600)
Sta ined with :-

(a) a-Naphyl Acetate Esterase (ANAE) Stain

(b) Leishman Stain

TL : T-lymphocyte
NEG : ANAE negative cell
M : Macrophages

L : Lymphocytes
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F1GURE 5 j Péri toneal Cells from a CAPD Pat ient with
Eos inoph ilia. 1x1600)

E : Eosinophil
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TABLE 4: Comparison of Leishman and «-Napthyl Acetate

Esterase (ANAE) Staining of Normal FPeritoneal

Cells
SAMPLE LEISHMAN STAIN NON-SPECIFIC ESTERASE STAiN
NUMBER PERCENTAGE OF : PERCENTAGE OF :
(NORMAL ~ -----------==~==  mr e m e mm e ——mm—— -
PERITONEAL MACRO- LYMPHO- MACRDO- NEGATIVE
CELLS) PHAGES CYTES PHAGES T-CELLS STAINING
1 86.0 14.0 85. 4 5.0 8.6
2 94.1 5.8 93.4 2.3 4.3
3 90.0 10.0 88. 4 3.0 7.7
4 89.0 11.0 * * *
5 89.0 11.0 * * *
6 2.1 7.9 * * *
7 86.0 4.0 * #* *
8 85.1 4.9 * » *
mean 91.4 8.6 * * *
mimimum 86.0 4.0 % * *
maximum 86.0 14.0 * * *
# Cell sample not stained for non-specific esterase.
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(b)

FIGURE 6 j Normal Peritoneal Ce Ils. 1x1600)

Stained with :-

(a)

(b)

NEG

a-Naphyl Acetate Esterase (ANAE)

Leishman Stain

ANAE negative cell
Macrophage

Lymphocyte
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staining was found to be consistent with equivalent
Leishman results (Table 4, and Figure 6Ga).

Overall therefore CAPD cells showed greater
heterogeneity, both in terms of the types and proportions
of the cefls found and in macrophage size, than normal
peritoneal cells, which tended to be relatively

homogeneous.

2.5.4. Number of Cellsg Isolated from the PDE of Patients on

CAPD

The yield of cells obtained from the PDE varied
considerably from sample to sample, ranging from less than
5x105 in many samples, to 10g cells in extreme cases. Most
of the samp]es‘(el.B%J yielded a total of 106--108 cells
(Table 2). Differences in cellularity and cell composition
were particularly noticeable in dialysate obtained from the
five patients with peritonitis. A rise in cellularity with
neutrophilia were typical features (Table 2, and Flgure
3b). 0f the samples containing more than 108 cells, all
were from patients with active peritonitis. Although the
vast majority of sampieé which contained between 107 and
108 cells were from patients who did not have active
peritonitis, the average proportion of macrophages in this
group was 51.6% which was lower than that of 69.9% from
samplies with 107 or less cells.

In 34.2% of the samples, only low numbers of cells
(less than 5x105 cells per bag) were recovered from the
overnight FDE, and there was g significant inverse

correlation between the number of cells in the fluid and

the length of time the patient had been on CAFD (p<0.001;
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Figure 7». Twelve of the fifteen samples containing less
than 5x105 cells came from patients who had been on CAPD
for 1 year or more. However, there was no gignificant
correlation between ¢ell number and the number of
peritonitis episodes experienced by each patient per year

(Figure 8).
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£:0, DRISCUBBION

The characteristics and yield of cells
isolated from the individual PDE of CAPD patients varied
considerably. In terms of total cell numbers this ranged
from lesgs than 5x105 to as high as logkcells in extreme
cases, the latter always being samples from patients
diagnosed with peritonitis. Very high neutrophil levels
were, in addition to raised cell counts, invariably
associated with peritonitis as also shown by Hurley et al
(1977) and Rubin et al (1880), and it was these cells which
replaced the norm;l macrophage population as the major
phagocytic cell in the peritoneum.

High eosinophil levels, possibly due to allergic or
inflammatory reactions to either the dialysis solution or
the dialysis procedure, were seen in five patients. Two of
these had just received a replacement catheter following
recurrent peritonitis, two had sclerosing peritonitis and
one had changed to a different form of CAFD with different
solutions, all of which may be associated with inflammation
of the peritoneum. This has been previously noted by
Digenis et al (1982) and Humayun et al (1881) at the start

of CAPD 1in the case of catheter implantation. Possible

explanations suggested include the body’s first exposure to

the peritoneal dialysis solutions with their
unphysiologically elevated hydrogen ion and dextrose
concentrations, dialysate additives (eg heparin, NaCi, KCIl)

or dialysate contaminants including particulate matter such

as gilica, talc and plasticizers released from dialysate
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containers and tubings (Digenis et al, 1982; Humayun et
1,1981; Spinowitz et al, 1981; Popovich et al, 1978;
Lasker et al, 19753 Lee & Schoen, 1967). These substances
may be irritant and/or allergic, either individually or in
combination. Furthermore repeated inflammation in the
abdominal cavity due +to recurrent peritonitis or to
irritants or particulate matter in the dialysate solutions,
were thought to be the cause of sclerosing peritonitis
(Shaldon et al, 1886; Lasker et al, 1875; Gandhi et al,
1972; Pauli et al, 1966).

However, the majority of PDE samples contained
predominantly macrophages as shown also by Alobaidi et al
(1986, Peterson et al, (1985), and Verbrugh et al (1884;
19835 . On analysis of the resuijts, a value of 15% for
neutrophils and eosinophils was considered appropriate for
excluding any sample that might have come from a patient
with peritonitis from further investigation of its cellular
activity. Indeed, from work undertaken by others the normal
range of neutrophils found varied from 0-22% in one case
(Verburgh et al, 1983), and from 0-9% (Verburgh et al,
1984) in another. The 15% value used here therefore seems
in line with the above findings which give an average value
of 15.5%.

In spite of the fact that quite a number of the PDE
samples were discounted when this condition was imposed, it
did ensure that the 1likelihood of analysing infected

.
samples, or samples where the cellular activity may have
been influenced by non-gpecific inflammatory agents, was

greatly reduced. It was also important to exclude samples

with raised polymorph values because it was primarily the
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activity of the macrophage population that was to be
examined, and some of the parameters could be affected by
neutrophils or eosinophils.

Even when one considers only samples of PDE containing
15% or less polymorphs, the differential white cell counts
of peritoneal cell samples from CAPD patients are still
different from those of the normal cell population found in
the pelitoneum. In particular the average proportion of
macrophages present in PDE and in normal controls were
69.9% and 91.4% respectively, a finding in line with that
reported by Alobaidi et al (1988), FPeterson et al (1985),
Goldstein et al (1984) and Verbrugh et al (1983). This
altered differential ratioc of cells may severely compromise
the normal defences ot the peritoneum, even |if their

activity was unchanged, by upsetting the normal immune

responge mechanism of the peritoneum, thereby leaving it

prone to infection. In particular, the flushing out of
large numbers of cells each day may mean that the
peritoneum may be replienished by immature cells as

suggested by Goldstein et al (1884) leaving it severely
short of mature macrophages which play such a large part
in many of the immune responses of the body eg antigen
presentation, antibeody production, immunoregulation
(Kampschmidt, 1984 Unanue et al,1984; Staruch and
Wood, 1983; Unanue, 1881). The greater size heterogenelty
found in CAPD peritoneal cells, compared with normal
peritoneal cells, could be the result of the replacement of
peritoneal cells in CAPD patients by a vefy mixed
population of monocytes all at different levels of

maturation.
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The inverse correlation found between the number of
cells isolated from the PDE of patients and the length of
time on CAPD might suggest that the cellular defence
mechanisms in these patients would be severely affected by
this cell shortage if they were of prime importance in
protecting the patient from peritonitis. However mno such
increased susceptibility to peritonitis was shown in these
patients, which brings 1into question the importance of
these cells as the front line of the defence system in the
peritoneum of CAPD patients. It is possible, however, that
these patients' cells may become trapped by changes in the
peritoneal membrane, and the number of cells in the fluid
would represent only a small fraction of those present in
the peritoneal cavity. Indeed, marked thickening and
sclerosing of the peritbneal membrane (sclerosing
peritonitis) has been noted in a number of patients
(McWhinnie et al, 1986; Shaldon et al, 12886; Gandhi et al,
1980) who have been on CAFD for at least 1-2 years. The
exact reagon for this thickening, characterised by the
deposition of a dense layer of fibrous tissue on the
peritoneal gurface which comes to resemble a fibrous band
rather than an ultrathin membrane, is unknown, but as
suggested earlier, repeated inflammation in the abdominal
cavity due to recurrent peritonitis or to irritant in the
dialysate solutions has been blamed (Di Paolo et al, 1986;
Shaldon et al, 1886; Gandhi et al, 1980; Lasker et al,
1875; Pauli et al, 1966). The dialysate might also cause
peritoneal irritation by virtue of its acidity (Gandhi et
al 19880), as initially the fresh dialysate has an aclidic

pH. The phenomenon of peritoneal thickening is of great
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potential importance, since it may seriously limit the long
term application of all forms of peritoneal dialysis.

In conclusion, it has been shown that macrophages are
normally the predominant cells found in the PDE of patients
without infections or inflammatory complications. Iin the
following chapters the cell samples will be examined for a
number of parameters related to their antimicrobial and

immunological activity.
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CHAPTER 3
DEVELOPMENT OF A RADIOMETRIC ASSAY FOR COMBINED MEASUREMENT
OF INGESTION AND INTRACELLULAR KILLING OF B.EPIDERMIDIE
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8.4 INTRODUGTION

To establish whether macrophages do indeed
play an important role as a first line of defence against
peritoneal infection in CAFD, it is necessary to establish
whether they possess normal antimicrobial activity. This
requires examination of the peritoneal cells isclated from
the dialysis fluid of a large number of patients on CAPD.
It "was therefore necessary to develop a technique that
would allow rapid evaluation of uptake and intracellular
killing of S. epidermidis (the most frequent cause of

peritonitis in CAPD patients) and which would permit

processing of several samples per day if necessary.

A major difficulty in the quantification of
phagocytosis over the years has been the lack of methods
that distinguish precisely between micro-organisms attached
to, or ingested by phagocytes. This distinction is
particulariy 1Important when attempting to evaluate the
capacity of phagocytes to kill ingested organisms. .

Methods previously used for the evaluation of
phagocytosis of micro-organisms include that of looking at
stained smears, under light microscopy (Patterson and
Youmans, 1970; Chang, 1969), or by phase-contrast microscopy
(Gibbs and Roberts,1975; Swanson et al, 1974). These
microscopical examinations are time consuming and liable to
subjective error. Other approaches include the recovery of
cell-associated microbes after attempts to remove or kill
extracellular organisms by exposure to enzymes, antisera or

antimicrobial agents (Verhoef et al,1877; Veale et al,
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1976; Tan et al, 1971). Chemiluminescence can also be used
as another measure qf phagocytic activity. However this is
an indirect method of measuring phagocytosis, as attachment
of micro-organisms to the cells stimulates the plasma
membrane, leading to activation of a respiratory burst
(Easmon et al, 1980). This does not necessarily imply that
the micrn-brganisms are subsequently phagocytosed, and
chemiluminescence gives no indication as to the fate of the
micro-organisms, i.e. whether they are Kkilled or have
survived.

Most techniques for estimating the microbicidal
capacity of phagocytes require the gseparation of
intracellular and extraceliular organisms. When bacteria
are used, the separation 1is usually achieved by
differential centrifugation or destruction of the
extracellular organisms. Radiometric assays, which use
prelabel led bacteria to measure phagocytosis, still require
a separation step, and bacterial death is determined by
colony counting (Verbrugh et al, 1978) which is tedious and
time consuming.

Bridges et al (1980) developed a radiometric assay
based on an earlier method for measuring phagocytosis
(Yamamura et 1 1977) but, in addition to this, also

— —t

measured metabolic death of Candida albicans without

involving any inconvenient plate counting or complicated
separation steps. Lam and Mathison (1979) also modified
Yamamura's method (Yamamura et al, 1977) to quantitate
bacterial phagocytosis. Both methods easily distinguish
between adherent or ingested micro-organisms. The basic

principle of the assays was established by Yamamura et al
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-(1977), who demonstrated that incorporation of [SHJ—uridine
into €. albicans was a good indicator of phagocytic
function since:-

(i) a linear correlation was found between wuridine

incorporation and yeast number

(ii) Candida organisms surviving within phagocytic

cells did not take up uridine from culture medium, and

(iii) phagocytic cells did not incorporate significant

amounts of uridine in short term cultures.
Phagocytosis can thus be determined by comparing the
uridine incorporation into a fixed number of micro-
organisms in the presence and absence of phagocytes.
Intracellular killing can be determined in & similar manner
by meésuring the uridine incorporation after cell lysis,
which results in ingested but still viable organisms being
released, and thus able to incorporate uridine.

In this chapter, the development of &a simple but
accurate radiometric technique for measuring phagocytosis
and killing of §. epidermidis based upon incorporation of

EBH]-uridine into wviable micro-organisms is described.

Although based on that of Bridges et al (1980), many of the
parameters had to be adapted for use here, as their assay
was developed for measuring phagocytosis and intracetlular

killing of Candida albicans by blood neutrophils and not of

S. epidermidis by peritoneal macrophages. This method

allows phagocytosis and intracellular killing to be
measured simultaneously making it possible to determine
whether increased survival of the micro-organisms is due to
reduced ingestion or reduced ability of the cellg to kill

the ingested bacteria.
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8.2 MATERIALE

3.2.1. Phosphate Buffered Saline (PBS)

This consisted of NaCl (8 g/1), KC1 (0.2 g/ly,
Na2HP04 (1.15 g/1) and KHZPDa (0.2 g/1), (all Analar grade,
BDH Chemicals Ltd., Foole, Dorset, U.K.). The PBSE was then

divided into 10ml aliquots and sterilised by filtration.

3.2.2. PBS - Glucose

This consisted of glucose (1 mgsmi) in PBS. Aliquots

were sterilised by filtration and stored at 4°c.

3.2.3. Normal Human Serum (NHS)

Serum was obtained from the clotted bliood of 30 normal

individuals, pooled and aliquots stored at -20°C.

3.2.4. Tritiated Uridine

The S,S[QH]—uridine used had a specific activity ot 53

Ci/mmol (Amersham p.l.c., Amersham, U.K.).

3.2.5. Culture of Staphylococcus epidermidis

A strain of 5. epidermidis isolated from the fluid of

a CAPD patient with active peritonitis in the Western
Infirmary, Glasgow, was used throughout this work. It was
typed by Dr Anne Eastaway (Dept of Bacteriology, Western
Infirmary, Glasgow) using the APl-Staph typing system (API
Laboratory Products Ltd., Hampshire, U.K.)> which gave a.

99.7% probability of ldentification as S.epidermidis. The

organism was routinely cultured in meat extract broth and
then transferred to a nutrient agar slope, which was

subcul tured weekly.




2.3 METHODS

3.3.1. Standard Turbidity Curve of 5. epidermidis

In order to calculate the number of bacteria in a
sample for use in the assay without having to plate out a
sample overnight it was necessary to relate bacterial
numbers to turbidity readings from a spectrophotometer.

A iml aliquot of an overnight culture of S.

egpidermidis in meat extract broth was added to 20ml of

fresh broth and incubated at 37°C. After two hours of
incubation, and at 45 minute intervails thereafter, 2m/!
aliquots of the suspension were remaoved and serially
diluted up to 106 times with ice cold sterile saline. The
number of viable bacteria was then determined by the plate
counting method of Miles and Misra (1938). Plots of the
number of viable bacteria with time were made and the log-
phase determined (Figure 8). The E550 reading of the
bacteria present in the remaining iml volume was measured
against a meat extract broth blank on a LKB Ultrospec 4050
spectrophotometer. From these results, a plot of the EBSO
reading against the number of viable bacteria was made
(Figure 10). This standard curve was used to estimate the
number of viable bacteria at the beginning of each

individual experiment.

3.3.2. Uridine Incorporation Into Bacteria and Cells

u

A 500ul aligquot of an overnight culture of

epidermidis was incubated in 10ml of fresh broth for 2.5
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hours as in 3.3.1. The bacteria were then washed 3 times in
PBS and resuspended in 10ml of PBS-glucose. The turbidity
of the suspension was measured as above, and the number of
bacteria per ml calculated. Appropriate dilutions of
bacteria, made up Iin culture medium (2.2.1) to 0.5ml, were
then digpensed into 1.5ml plastic microvials to which 2uCi
of [3H]~uridine was then added. Control tubes containing
similar concentrations of dead bacteria (heated at 100°¢c
tor 15 minutes) were also set up to ensure that the uridine
was being incorparated by specific metabolic activity
rather than by passive absorption. All the tubes were then
incubated tfor one hour at 37°C on a blood tube rotator
(Stuart, Croydon, U.K.), after which time the bacterial
guspensions were harvested on a Millipore Millititre
apparatus (Millipore UK Ltd., Harrow, Middlesex, U.K.).
Each sample was split into 2x200ul aliquots and each was
drawn by suction through a separate well of a Millititre
O6-well plate fitted with a O.4um type STHA filter ©base.
All wells were washed twice with 200ul of PBS and the
filters cut out with a Millipore filter punch. The filters
were dried and 3H activity counted Iin a 4450 scintillation
counter (Packard Instruments, Caversham, Berks, U.K.). A
graph of bacterial number against uridine i{ncorporation was
then plotted (Figure 11). From the graph it is apparent
that wuridine iIncorporation increases linearly with the
number of viable bacteria. In contrast uridine was not
incorporated by the dead bacteria.

A similar experiment was carried ocut on the PDE c¢cells
isolated from patients on CAPD (2.4.1) to ensure that the

cells could not incorporate significant amounts of uridine
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and therefore interfere with the assay. A suspension of
leo5 cells in 0.5ml of culture medium was incubated with
2uCi  of [3H]-uridine in 1.5ml plastic microvials. Tubes
containing only culture medium were also set up. After one
hour the tubes were harvested as described above. It was
shown that although the incorporation of ISH}-uridine by
cells was usually greater than the counts obtained from
controls containing culture medium alone, it was not high
enough to greatly atffect results (Table 5) as it was much

lower than the incorporation by S.epidermidis, c.f. Figure

11, in any event £dH]“uridine incorporation by the cells

is taken into account when calculating resuits.

3.3.3. Viability of Cells

In order to ensure that the viability of the cells
isolated from the FPDE of CAPD patients (Z2.4.1) was
maintained over the assay time, 5x105 cells in 0.5m! of
culture medium were rotated on a blood tube rotator for
varying lengths of time (Table ©&). No decrease in
viability, determined by eosin stain exclusion, Was

observed during a 3 hour period (Table 6).

3.3.4. Preparation of Opsonised S.epidermidis

A 500pli aliguot of an overnight culture of

S.epidermidis in meat extract broth was incubated in 10ml

of broth in a water bath at 37°C for 2.5 hours. The
bhacteria were then pelleted at 1750g for 5 minutes,
resuspended in iml PBS, and 1ml of NHS added to opsonise
the bacteria. After incubation at a7°c tor 15 minutes, the

bacteria were washed three times and resuspended in 10ml of
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TABLE 5: [ Hi-Uridine Incorporation by CAPD Peritoneal
Cells.
* cpm
IN SAMPLES CONTAINING:
EXPERIMENT  ~-----cmommm o m e e e e e mm e e
NUMBER CAPD PERITONEAL CULTURE MEDIUM
CELLS ONLY
1 806 178
2 361 260
3 358 400
4 884 197
5 651 azz
6 261 166

* CPM : counts per minute




TABLE 6: Viability f Cells From PDE Samples After Various

Lengths of Time.

LENGTH OF PERCENTAGE VIABILTY OF CELLS FROM PDE
TIME CELLS SAMPLE NUMBER
WERE ROTATED  ~-=—-—-=~==memsmmmm oo meoemm e
(MIN) 1 2 3
) 98.9 100.0 96.0
30 90.0 97.6 96.3
60 94.3 95. 1 94.1
90 96.7 94.3 100.0
120 80.9 97.6 90.7
150 97.7 100.0 93.3
180 97.8 94.7 95.3




]

PBS containing 1% glucose (3.2.2). The turbidity of the
sugpension was measured at 550nm in a spectrophotometer,
and the number of bacteria per ml calculatgd from the
turbidity curve (Figure 10). The suspension was then

adjusted to 8x105 bacteria per ml.

3.83.5. Preparation of Cells

Peritoneal cells were prepared as previously described

(2.4.1) and resuspended in culture medium (2.2,1).

3.3.6. Incubation of Cells With Bacteria and Subsequent

Separation of Intracellular and Extracellular Bacteria.

Appropriate numbers of cells in 250ul aliquats (3.4.2)
were dispensed into 1.5ml plastic microvials along with a

suspension of 2x105 S.epidermidis in 250u)l of culture

medium. Control tubes were set up containing either
bacteria or cells only, and the volume made up to 0.5ml
with culture medium. The tubes, which were set wup in
triplicate, were than incubated at 37°C on a blood tube
rotator.

After one hour the tubes were removed and each
suspension split into two aliquots, one for measuring
percentage killing and the other percentage ingestion. All
the tubes containing cells were then spun at low speed
(250g) ftor 5 minutes in order to pellet the cells, but
leave the bacteria in suspension. The supernatants were
removed and those from the control tubes, containing cells
only, were discarded. The supernatants from the tubes
containing both cells and bacteria were transterred 'to new

tubes and spun at high speed (1750g), along with the

79




control tubes containing only bacteria, to sediment the
organisms. all supernatants were discarded. The

precipitates were then processed as described in section

3.4.4.
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2:4 RESULTS

3.4.1. Variables in the Phagocytosis Assay

The basic principle of the assay was described by
Bridges et al (1980), who studied the ability of human

blood neutrophils to ingest and kill Candida albicans, and

by Lam and Mathison (19878) who measured uptake, but not
killing, of S.aureus by human neutrophils. Some of the
parameters in the present work were based on the earlier
studies. However, these used different organisms, and blood
neutrophiis rather than peritoneal macrophages. [t was
therefore necessary to optimise a number of parameters for
the particular conditions of this stud;.

%

3.4.2. Cell:Bacteria Ratiog

[Initially, experiments were carried out using
different ratios of cells:bacteria. A cell:bacteria ratio
of 2:1 was found, in preliiminary experiments, to result in

" B0-90% ingestion in most cases (Table 7). At a 4:1 ratio,
ingestion tended to be close to 100% with little variation
between sampies, while at a 1:1 ratio only a small
proportion  of the bacteria were ingested. High
cell:bacteria ratios were ;lso impractical as they required
larger numbers of cells than were generally available. A

2:1 ratio of cells:bacteria was therefore used throughout

the assays.
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TABLE 7: Ingestion of S.epidermidis by Different Ratios of

Cells:Bacteria

' PERCENTAGE INGESTION OF

RAT10 OF E.EPIDERMIDIS BY
CELLS:BACTERI A% FPERITONEAL CELLS FROM CAFD PATIENTS :
EXPERIMENT NUMBER
1 2 3 4

4:1 92 84 96 100

2:1 63 71 90 88

1:1 20 17 32 Not

Done

* A suspension of 2x105 S.epidermidis in 250ul of culture

medium was used throughout the experiments.
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3.4.3. Lysis of Cells to Release Intracellular Bacteria

In order to measure the bactericidal activity of the
cells it was necessary to ensure that effective lysis of
the <c¢cells occured so that any ingested but still-viable
bacteria would be released and have access to the [SHJ—
uridine when added. For this Bridges et al (1880), who
worked with Candida, used deoxycholate, but this was
unsultabie for use with bacteria as it dissolves components
of bacterial cell walls. Instead the effect of Triton X-100

(BDH Chemicals Ltd.) on cellular and bacterial viability

was tested. Aliquots of cell suspension or S.epidermidis of

known concentrations were pelleted and resuspended with
100pul of wvarious dilutions of Triton X-100 in distilled
water (Table 8). The cells were theﬁ vortexed and left for
two minutes, atfter which the detergent was diluted with a
five-fold excess of culture medium (2.2.1). Cell viability
was determined by eosin exclusion, and bacterial viability
by CSH]—uridine incorporation as described in section
3.3.2. Triton X-100, at a concentration of 0.01% was found
to give 100% lysis of cells (Table 8), but unlike higher

concentrations, did not significantly affect viability of

S. epldermidis. A 0.01% solution of Triton X-100 was

therefore used to lyse cells. Lam and Mathison (19792) who
worked with neutrophils used distilled water, but in the
present studies this was found to leave an average of over

40% of the cells still intact -(Table 8).
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TABLE 8: Effect of Triton X-100 On Viability of

S.epidermidis and Peritoneal Cells.

CONCENTRATION % OF PERITONEAL VIABILITY OF BACTERIA

OF TRITON X-100 CELLS (% OF CONTROL WITHOUT
(%) VIABLE TRITON X-100)
0.1 0 22
0.01 0] 93
0.001 10 104
0.0001 19 109
NONE 80 100
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TABLE 9: Survival of Peritoneal Cells After Exposure to

Distilled Water.

% OF VIABLE PERITONEAL
SAMPLE NUMBER CELLS AFTER 1 MINUTE IN
100l OF DISTILLED WATER

1 35
2 12
3 41
4 52
5 50
6 40
7 56
 AvERAGE a

85




3.4.4. Procedure for the Measurement of Ingestion and

Intracellular Killing of Bacteria.

To the cell pellets in the tubes to be wused for
assaying killing, obtained as described in section 3.3.6,
100l of O0.01% Triton X-100 in digtilled water was added,
the tubes vortexed and the liguid added to the
corresponding bacterial pellet. To ensure uniform
conditions, 0.01% Triton X-100 was also added to the
baéterial peliet from the bacteria-only control tubes to be
used for the intracellular killing part of the assay. All
the tubes were vortexed and left for two minutes to allow
the cells to lyse, and then 380ul of culture medium
(section 2.2.1) was added to each tube.

The tubes used to measure ingestion (section &.3.6>
were treated in a similar manner, except that the medium
was added first and wused to recombine the «c¢cells and
bacteria, 0.01% Triton X-100 being added afterwards. This
was done to allow for any possibie effect of Triton X-100
on subsgsequent bacterial growth; once diluted with medium
(section 2.2.1) it was no longer sufficiently concentrated
to lyse the cells. Finally 20pl of [3HJ—uridine (2uCil) was
added to each tube and these were then rotated at 37°C for
one hour.

After one hour the cultures were harvested (section
3.3.20. The percentage ingestion and killing were
calculated wusing the following formula, the appropriate

controls being used in each case:

percentage ingestion or killing = --=------- x100
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where, A,B and C are the average counts in tubes containing
bacteria only, cells only, and bacteria and cells
respectively. Variation in counts between triplicate
samples was normally very good and well centred about the

mean (Table 10).

3.4.5. Comparison of Radiometric Method With Conventional

Colony-Counting Technigue.

The accuracy of the assay method as finally devised
and described above was tested by comparing the results
obtained by EaHl—uridine incorporation with those using a
conventional colony~counting technique. For this an aliquot
of each sample was removed and serially diluted with ice-
cold saline for plate counting by the method of Miles and
Misra (1938) immediately prior to passing the remainder
through the filter (3.3.2). Four samples of cells from CAPD
patients, in which the cells varied in their ability to

ingest and kill S.epidermidis, were used, and.in all cases

good agreement was found (Table 11).
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TABLE 10: Variation in Counts Per Minute After L?H]-Uridine

Incorporation Between Triplicate Samples.

 TYPE OF EXAMPLES OF MEAN % VARIATION
SAMFLE COUNTS PER (CPM) ABOUT MEAN
MINUTE (CPM)

Peritoneal 2472

cells and 2525 2429 +* 5.8

Bacteria 2289

Bacteria 8277

only B225 8266 + 0.5
8297

Peritoneal 6010

cells and 5883 6031 + 2.8

Bacteria 6199

Bacteria 42006

only 43010 43031 * 2.4
44078

Peritoneal 4781

cells and 4828 4717 + 3.7

Bacteria 4541

Bacteria 14436

only 15317 14932 * 3.3
15045
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TABLE 11: Comparison of Ingestion and Killing of

s.

epidermidis by Human Peritoneal Cells Using the
3

[ Hl1-Uridine Incorporation Assay or Colony
Counting.

% KILLING OF

% INGESTION INGESTED BACTERIA
SAMPLE  [°HI-URIDINE  COLONY [°HI-URIDINE  COLONY
NUMBER INCORFPORATION COUNTS [NCORPORATION COUNTS
1 64.4 62.6 67.7 63.1
2 78.1 78.4 79.4 79.8
3 83.1 92.6 23.1 24.6
4 70.0 89.7 100.0 99.6
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3.4.6. Summary of Complete Assay Procedure

1.

Opsonised S.epidermidis were prepared as previously

described in section 3.3.4.

The peritoneal cells, after isolation from PDE (2.4.1),
were resuspended in culture medium (2.2.1) at 1.6 x 106
ce{ls per ml.

The method for the incubation of cells with bactefia,
and the subsequent separation of intracellular and
extracellular bacteria was as described in section
3.3.6. A 2:1 ratio of cells to bacteria was used
throughout ie 250ul of the cell suspension at 1.6 x 106
celleg per ml was incubated with 250ut ot bacterial
suspension at BxlO5 bacteria per ml.

Cells were lysed to release intracellular bacteria using

100ul of 0.01% Triton X-1GCO. Details of the method used

are as described In section 3.4.4.
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2.8 PRISCUSSION

in order to evaluate the ingestion and

intracellular killing of S. epidermidis by peritoneal cellis

isolated from the PDE of patients on CAPD, an assay had to
be developed which would be both accurate and simple enough
to be carried out routingly. It is also important to
establigh if their activity i3 reduced compared with normal
peritoneal cells, and whether this reduced activity, 1t
any, could account for the increased susceptibility of some
patients to peritonitis. With this in mind a radiometric
asgsay has been developed based on that described by Bridges
et al (1980) but with modification of a number of
parameters.

The method developed is simple, convenient, accurate
and fairly inexpensive in terms of money and time which are
essential requirements if the assay is to be carried out
routinely for monitoring patients' cells. It also does not
involve tedious colony-counting used to determine bacterial
viabiiity in previous methods (Verburgh &t al,1978) ar
microscopical examination of slides (FPatterson and
Youmans, 1970; Chang, 1968) which s time-consuming and
gsubject to error.

Unlike Lam and Mathison (1979, water was found to be
unsatisfactory for lysis of cells. Instead a 0.01% solution
of Triton X-100 was used, a concentration which while
lysing cells did not adversely affect the bacteria.
Deoxycholate, used by Bridges et al, (1880) is unsuitable as

it dissolves components of bacterial cell walls.
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Accuracy and reliabiility of the assay were tested by
comparing results obtained from the radiometric assay with
the conventional colony-counting techniqgue. in all casges
good agreement was found. There was algso little wvariation
between triplicate samples.

The technique described here therefore allows rapid
evaluation of phagocytosis and bactericidal activity of
cells from patients on CAPD. Both are measured
simultaneously, making it possible to determine whether
increased survival of the micro-organisms is due to reduced
ingestion or reduced ability of cells to kill the ingested
bacteria. Unlike many methods (Verbrugh et al,1978; Verhoef
et al,1977; Tan et al,1871) the problem of precisely
digtinguishing between attachment or ingestion of micro-
organisms does not arise as only uningested bacteria have
access to the [SH]-uridine which is not taken up by the
cells,

This asssay described here has been wuged 1in the
following c¢chapter to evaluate the activity of peritoneal
cells from patients on CAPD compared with those cells from
normal individuals. Possible differences in activity
between patients and controls, and within patients may
provide an explanation for the increased susceptibility of

some patients to peritonitis.
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CHAPTER 4

FUNCTIONAL FROPERTIES OF HUMAN PERITONEAL MACROPHAGES
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4.4, INTROPUGTION

Recently there has been increasing interest in
peritoneal defense mechanisms, aiming at clarifying the
root cauges of peritonitis in CAPD patients, and
identifying characteristics of patients with high infection
rates (Diskin et al,1983; Rubin et al,1883; Verbrugh et al,
1983>. Work by Tsakiris et al (19868) on the skin reaction
of CAPD patients to dinitrochlorobenzene (DNCB) suggested
that intrinsic differences may exist in the host immune
response among CAPD patients. They showed that patients
with strong DNCB responses have a better chance ot
remaining free of peritonitis for longer than those with
poor responses. This may indicate differences in the actual
peritoneal defence mechanism within patients, and may
contribute to the increased susceptibility to peritonitis
found Iin some patients. The DNCB skin test has the
advantage over those using recall antigens of not testing
immunological memory, since it is a new antigen to which
patients will not have been exposed to (Bramwell et
al,1985; Watson et al,1978).

[mmunosuppressive effects of wuraemia have been
reported, and have frequently been attributed to inhibitory
or toxic factors retained in the serum of uraemic patients-
the so-called middle molecules (Funck- Brentano et al,1875;
Touraine et al,1975). An improvement in cell mediated
immunity (CMI) during CAPD compatible with the rémoval of

uraemic substances that inhibit T-lymphocyte functions Thas

been observed (Young et al,1986; Giangrande et al,1984;
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Glacchino et al,1983). However, while improvement in CMI
may increase resistance to fungali, viral and intracellular
bacterial infections such as mycobacteria it is unlikely to
confer any clinical advantage against peritonitis by normal
extracellular Gram-negative or Gram-positive bacteria. In

addition, as Young et al(1986) suggested, a deplietion of

specific enzymes, vitaming or trace elements cannot be
excluded and this could have an important effect on the
immune response.

While +there is evidence that CAPD patients have
impaired immune responses, there is little information as
to the possible defects in specific mechanisms, and 1in
particular of the resident mononuclear phagocytic cells
which may be of prime importance in the protection of the
peritoneum from infection. Any defects in these cells may
greatly impair host resistance, and increase the
possibility of organisms establishing themselves, thus
giving rise to peritonitls. In general it has been shown
that patients with defects in their phagocytic cells suffer
from recurrent and severe infections, not infrequently with
a fatal outcome (White and Gallin, 1986; Stossel, 1874).
Phagocytic dysfuncton most commonly occurs secondary to
acquired diseases such as rheumatoid arthritis, diabetes
mellitus, malnutrition or certain viral infections (White
and Gallin,1586). In view of this it seems important and
appropriate to examine the antimicrobial activity of the
peritoneal cells from patients on CAFD to determine whether
these cellis are also defective.

Further information about the activity of these

peritoneal cells may be provided by examining their ability

95




to release H202 as H202 levels are’believed to be related
to the bactericidal activity of the cells and to their
maturational or activational state (Takemura and Werb, 1984;
Nathan et al,1983,1879; Johnston 1881). This appears not to
have been investigated 1in CAPD patients. In general
patients whose phagocytes lack the ability to generate
reactive oxygen derivatives, such as those with chronic
granulomatous disease, have impaired microbicidal activity
which emphasises their 1Importance in killing bacteria
(Gallin et .al,1983; Holmes et al, 1967,1966).

Macrophages also play a key role in the development of

gpecific 1immune responses by processing antigens, which

requires the presence of HLA-DR antigens. Indeed membrane

expression of human la-like molecules (HLA~-DR) by
macrophages is critical for the induction of T-cell
responses to foreign antigens (reviewed by Unanue

t 1,1984 and Unanue, 1881). Considerably less information

is available about HLA-DR expression on human mononuclear
phagocytes compared with the mouse and in particular it is
not known whether patients on CAPD show any abnormalities
in this respect. Such information could be of relevence to
the immune status of CAPD patients, as low levels of HLA-DR
expression on macrophages may hamper initiation of specific
immune responses. Therefore abnormalities in the
properties of macrophage function may inhibit not only the
non-specific phagocytic role of macrophages, but might also

contribute to an overall lowering of the whole immune

response.
HLA-DR expression, like H202 release, may be related
to the maturational or activational state of the CAPD
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patients’ peritoneal macrophages, as it is widely Kknown
that cells activated through gamma IFN have raised levels
of HLA-DR and H202 release compared with those in the
resting state (Gershon et al,1985; Wilson and Westall, 1985;
Sztein et al,1984; Basham and Merigan, 1983; Nathan

t al,1983). It was themnfore considered worthwhile to

—-_—— =

examine HLA-DR expression and H202 release by peritoneal
cells from CAPD patients to provide information about thelir
functional ability which may be related to their state of
activation.

The work reported in this chapter was therefore aimed
at examining the characteristics of the CAPD cells in
regard both to their role in peritoneal defence against
infection and to theilr relationship to other human
mononuclear phagocytes. This involved: -

(1) examining their bactericidal activity and comparing it
with that of normal human peritoneal cells. It was also
important to relate these findings to the frequency of
peritonitis to determine whether patients’ cellular
activity could be correlated with thelr susceptibility to
infection.

(2) measuring the levels of H202 released by the peritoneal
macrophages from the patients on CAFD and comparing their
activity with that of peritoneai macrophages from the first
exchange PDE of patients commencing CAPD, normal peritoneal
macrophages and of blood monocytes.

(3) determining the expression of HLA-DR by mononuclear

phagocytes from the same sources as in (2).
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4,2, MATERIALS

4.2.1. Ethylenediamine-tetra-acetic

Acid (EDTA) Gl

yvcine

Buffer.

This

consisted

of

0.1M glycine

(EDH Chemicals)

0.025M EDTA (Koch-Light Laboratories Ltd., Colnbrook,

U.K,)>. The pH was adjusted to 12 with NaOH.

98

and

Berk,



4,3, PATIENTE AND CONTROLS

In order to study the phagocytic and
bactericidal activity of peritoneal cells from patients on
CAPD, 28 peritoneal cell samples from 18 @patients were
analysed along with 8 normal peritoneal cell samples by the
aggay procedure described in chapter 3. Details of each of
these patients and controls, and the samples tested, were
given in chapter 2 (Tables 1,2 and 4). To study H202
release by peritoneal macrophages from patients on CAFPD,
peritoneal cell samples from 10 patients commencing CAPD
and 22 from patients established on CAPD were analysed.
Details of these patients are given in Tables 12 and 13. In
addition 9 normal peritoneal macrouphage samples from women
undergoing laparoscopy and 7 peripheral blood monocyte
gsamples from normal controls were also tested. HLA-DR
expression was analiysed using peritoneal macrophages from
12 patients commencing CAPD and 18 patients established on
CAPD (Tables 14 and 15). In addition 17 normal peritoneal

macrophage samples and 9 blood monocyte samples from normal

controls were tested.
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TABLE 12 : Details of Patients whose FPeritoneal Macrophages

PATIENTS®
INITIALS

AGE
(YEARS)

ORIGINAL
DIAGNOSIS

All patients

System.

Female

Male

Female

Male

Female

Female

Female

Female

Male

Male

were commenced on

53

39

T4

25

45

18

100

Polycystic kidneys
Pyelonephritis
Glomerulonephritis
Analgesic Nephropathy
Glomerulonephritis
Giomerulonephritis
Diabetic nephropathy
Glomerulonephritis
Glomeruionephritis

Unknown

the Travenol Disconnect



TABLE 13: Details of Patients Established on CAPD whose

Peritoneal Macrophages were used to Measure
Release of l-_i,_z—g?i;_
MONTHS
PATIENTS® SEX AGE ON ORIGINAL
INITIALS (YEARS? CAPD DIAGNOSIS
M. An Female - 77 2 Analgesic nephropathy
J.Be Female 30 15 Glomerulonephritis
B.Ca Male 64 12 Hypertension
R.Ca Female 40 60 Glomerulonephritis
R.Co Female 40 15 Glomerulonephritis
W.Co Male 32 10 Hypertension
A.Cr Male 32 6 Obstructive uropathy
P.Cr Male 60 17 Renal artery thrombosis
W.Do Male 73 1 Neurogeniec bladder
following whiplash injury
J.F1 Female 52 6 Diabetic nephropathy
R.Fu Male 71 4 Glomerulonephritis
l1.Jo Male 39 28 Glomerulonephritis
W.Ka Male 47 16 Glomerulonephritis
R.Ke Male 48 12 Glomerulonephritis
H.Mc Female 21 =] Relux nephropathy
M. Mc Female 56 10 Polycystic kidneys
W.Mc Male (3=] 4 Prostatic obstruction
M. Mu Female 72 15 Unknown
W.Ra Male 65 3 Diabetic nephropathy
W.Ro Male 57 6 Analgesic nephropathy
P.We Female 66 12 Analgesic nephropathy
M.Wh Female 87 3 Hypertension

All patients were on the Traveno!l Disconnect System except for
R.Ca who was on Fresenius.




TABLE 14: Details of Patients whose Feritoneal! Macrophages

from the First Exchange FDE were Used to

Determine the Proportion of HLA-DR Positive Celis.

PATIENTS’ SEX AGE ORIGINAL

INITIALS (YEARS) DIAGNGOSIS
C.Ba Male 38 Glomerulonephritis
R.Da Female 46 Diabetic nephropathy
J . Ha Female 53 Polycystic kidneys
R.Ha Male 75 Obstructive uropathy
J.He Male 53 Analgesic nephropathy
R.Ho Female 68 Renal artery thrombosis
H. 11 Female 55 Glomerulonephritis
R.Ke Male 49 Glomerulonephritis
S5.Mce Female 48 Reflux nephropathy
J.Ra Male 55 Obstructive uropathy
J.5h Male 45 Glomerulonephritis
M.Wh Female 67 Hypertension

All patients were commenced on the Travenol Disconnect

System.
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TABLE 15: Details of Patients Established on CAPD whose

Peritoneal Macrophages were Used to Determine the

Proportion of HLA-DR Fositive Cells.

MONTHS

PATIENTS’ SEX AGE ON ORIGINAL

INITIALS (YEARS) CAPD DIAGNDSIS
J.Be Female 30 15 Glomerulonephritis
A.Ca Female 77 27 Glomerulonephritis
B.Ca Male 64 12 Hypertension
J.Co Male 31 21 Glomerulonephritis
W.Co Male 32 7 Hypertension
W.Do Male 73 10 Neurogenic bladder

following whiplash injury

J.Fl1 Female 52 6 Diabetic nephropathy
B.Go Male 24 31 Diabetic nephropathy
H. 11 Female 55 3 Glomeruleonephritis
A.Ka Female 64 2 Polycystic kidneys
W.Ka Male 47 16 Glomerulonephritis
R.Ke Male 49 12 Glomerulonephritis
R.Lo Male 47 11 Pyelonephritis
C.Mc Male 55 3 Diabetic nephropathy
D.Mc Female 64 26 Analgesic nephropathy
W.Mc Male €9 4 Prostatic obstruction
A.Me Female 37 20 Glomerulonephritis
A. My Female 44 46 " Polycystic kidneys

All patients were on the Travenol Disconnect System except

for A.My who was on the Travenol! System I[I.
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4,4, 1SOLATION OF CELLE

4,4.1. Peritoneal Macrophages

CAPD and normal peritoneal cells were isolated as

described in section 2.4,1.

4.4.2, Monocytes

Blood mononuclear c¢cells were isolated by layering 2
volumes of heparinised blood mixed with an equal volume of
PBS over 3 volumes of sgeparating mixture (Lymphoprep,
Nycomed U.K. Ltd., Birmingham, U.K.). The samples were then
centrifuged at 400g for 30-40 minutes. The cells were
removed from the interface layer by a Pasteur pipette,
washed twice with PBS and resuspended in culture medium
(2.2.1.).

All cell samples tested contained 15% or iess
neutrophils or eocosinophils when stained with Leilshman
(2.4.2.). Cell viability was always greater than 95% as

determined by eosin exclusion.




4.5, METHODS

4.5.1. Differential Staining of Adherent Cells

Adherent cell cultures were prepared by adding iml of
a 106 cell/m! suspension in culture medium (2.2.1.) to
sterile round glass coverslips (16mm diameter : MacFarlane
Robsaon, Glasgow, U.K.) placed in 25 square well plastic
culture dishes (Steriiin Ltd., Feltham U.K.). These were
then incubated for 2 hours at 37°C in 10% COZ' Non-adherent
cells were removed with a Fasteur pipette and adherent cells
washed twice with medium. Enumeration of non-adherent cells
in a haemocytometer revealed that approximately 4-5x105
cells had attached +to the coverslips in each well.
Monolayers were allowed to dry at room temperature before
staining. Differential cell counts of the adherent cell
samples were determined routinely using Leishman stain
(2.4.2.) and some preparations were also stained with ANAE
(2.4.3.). Only adherent cultures where more than 97% of
cells were identified as macrophages and where
contamination with either neutrophils or lymphocytes did
not exceed 2% were used for determining H202 release or

HLA-DR expression. Examples of cells from all four sample

types used for measuring H release and HLA-DR expression

29

are shown in Figures 12-15.
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(m)

(b)

FIGURE 12

(a) Peritoneal macrophages from patients
CAPD, stained with Leishman 1x1600)

(b) Peritoneal macrophages from patients

CAPD, stained with ANAE (x1600)

established

established

on

on



(*)

(b)

F IGURE 13

(a) Peritoneal macrophages from patients
stained with Leishman 1x1600)

(b> Peritoneal macrophages from patients

stained with ANAE 1x1600;

commencing

commencing

CAPD,

CAPD



(a)

(b)

FIGURE 14
(a) Normal peritoneal macrophages stained with Leishman
(X1600)

<b) Normal peritoneal macrophages stained with ANAE 1x1600)



(»)

(b)

FIGURE 15
(a) Normal blood monocytes stained with Leishman (x1i600)

(b) Normal blood monocytes stained with ANAE (x1600)
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4.5.2. Measurement of ﬂz

Content of Adherent Cells.

0. Release and Estimation of DNA

<

Cultures were established at 2x108 cells in 1ml of
culture medium (2.2.1.) in Linbro flat-bottomed 24-well
tissue culture plates (Flow Laboratories). After 2 hours at
3700 in 10% CDZ’ monolayers were washed twice with warm
Hanks Balanced Salt Solution without phenol red (HBSS;
Gibco, Paisley, U.K.) to remove non-adherent cells and
freéh HBSS added.

The method of Ruch et al,(1983) was employed for
determining HZDZ release, thch depends on the oxidation of
homovanillic acid (HVA) to a fluorescent dimer, the
oxidation being mediated by horse radish peroxidase. The
HVA oxidation product (a measure of H202 release) was
determined using a Perkin-Elmer model 1000 fluorimeter with
excitation at 312nm and emission measured at 420nm. A stock
suspension of ZOmgngmosan (Sigma) in PBS was prepared and
washed twice in PBS. From this, freéhiy opsonised zymosan
for wuse as the triggering agent for H202 release was
prepared each day by incubating one volume of the
gugpension with an equal volume of pooled normal human sera
(3.2.3) for 15 minutes at 37°C, and centrifuged at 2000g
for 10 minutes. The pellet was washed twice in HBSS and
resuspended at a final concentration of Smg/ml in HBSS.

The HVA-peroxidase solution consisted of 400uM HVA
(Sigma) in HBSS5 containing 4 units/ml of horse radish
peroxidase (Sigma)l. The solution was prepared every week
and stored in aliquots at 4%c.

Following removal of non-adherent cells from

macrophage monolayers, iml HBSS, 0.5ml! opsonised zymosan
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and 0.5ml of HVA-peroxidase were added to each weli, and
incubated at 37°C for 1 hour. Control wells were also set
up with no zymosan to measure the spontaneous release of
H202. Supernatants were then transferred to conical
bottomed plastic tubes, centrifuged at 1800g for 5 minutes
to pellet any loose cells or cell debris and the resultant
supernatants transferred to glass tubes. To stop the
reaction 0.25ml of EDTA-glycine buffer (4.2.1.) was added,

the tubes vortexed and HZD assayed by fluorimetry. A

2
standard curve was obtained using varying concentrations of
H202 (Boots Ltd., Nottingham,lU.K.). The fluorimeter blank
consisted of 1.5ml HBS5S, 0.5mi HVA-peroxidase and 0.25ml! of
EDTA-glycine buffer.

DNA was determiﬁed according to the method of Cesarone
et al (19789). After removal of the cell supernatants above,
200l of O0.05% (w/v) sodium dodecyl sulphate (SDS; BDH
Chemicals) was added to the macrophages in each well of the
plate. They were then freeze-thawed once to compiete lysis
of the cells. Following addition of iml PBS each lysate was
mixed and transferred to a conical bottomed plastic tube.
These were then centrifuged at 800g for 5 minutes after
which 600ul was transtferred to glass tubes containing 4. 4ml
PBS. Each tube received 20pl of 7.5x10 M bis-benzimide
(Hoechst 33258; Sigma) and was then vortexed before
incubation in darkness at roam temperature for 30 minutes.
The DNA content of each tube was subsequently assayed by
fluorimetry . (excitation 364nm, emission 448nm? using a
standard curve (Figure 18) prepared from calf thymus DNA

(Sigma). The fluorimeter blank consisted of 4.9ml PBS plus

100pul 0.05% SDS and 20ul of bis-benzimide.
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Fluorescence emission at !.-’.Bnn:
‘221

18 -

14

10 -

FIGURE 16 : Standard Curve for Measurement of DNA

* Excitation 364nm
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The results both for H release and DNA content

2%
were means of duplicates, in which variation did not exceed
10% of the mean. Results were expressed as umH202/10 pgDNA,

4,5.3. Expression of HLA-DR Antigen by Human Macrophages

and Monocytes.

’

Human macrophages/monocytes isolated from blood,
normal peritoneal fluid and CAPD fluid were established as
monolayers on circular glass coverslips (4.5.1.9. After
adherence, cell monolayers were fixed for 10 minutes with a
2.5% solution of formaldehyde in PBS (ie 1 volume of 40%
v/v stock formaldehyde "in 15 wvolumes PBS) at room
temperature. Cells were then washed for 5 minutes with PBS
and stained by direct immunofluorescence with one drop of a
1:3 dilution of a phycoerythrin-conjugated monoclonal
antibody to human HLA-DR antigen (Becton Dickinson,
Laboratory Impex Ltd., Twickenham, Middx., U.K.>).

After 30 minutes in the dark, cultures were washed for
5 minutes in PBS. Coverslips were then removed from the
wells, mounted with PBS-glycerol (4 parts PBS:1 part
glycerol) and the edges sealed with nail varnish. Initially
cells were preincubated for 30 minutes with normal mouse
gerum to mask any Fc¢ receptors to which the monoclonal
antibody might have adhered. No difference was found with
or without the masking step, and so this was discontinued.
The cells were examined under oil in a Leltz Ortholux
f luorescence microscope with a Fluorotar objective,
Staining of HLA-DR was standardised wusing the . HLA-DR
negative and positive cell lines KE&E62 and B-JAB

repectively. The K562 1is a transformed human erthyroid
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precursor cell line, which lacks the HLA-DR antigen. It was
kindly supplied by Dr. M.J. Lesko, Dept. of Immunology,
Western Infirmary, Glasgow. The HLA-DR positive cell line,
B-JAB, is a2 human lymphoma cell line which was provided by
Dr. N.. Cushley, Dept. of Biochemistry, University of
Glasgow. Staining of the B-JAB cell line was performed by
Dr. A. Hughes.

The cells were observed using excitation wavelengths
of 550nm. A minimum of 200 cells were counted and scored as
positive only if &a sharp peripheral fluorescence was

observed.

4.5.4 Statigtical Analysis

Spearman rank correlation and sum of ranks were used

as appropriate.
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4,8, RESULTS

4.6.1. Uptake and Killing of S.epidermidis by Peritoneal

Cells.
In most cases the peritoneal cells from the CAFD
patients were efficient at ingesting and killing opsonised

S.epidermidis (Table 16). The majority were able to ingest

over 80% of the test culture from patients and in only 2
samples (A.Ca and L.McL) were less than 60% of the
organisms ingested. Intracellular killing of the ingested
organisms was normally >80% with again only 2 samples, from
patients A.Ca and [.S5¢c, giving <60% killing. Seven of the 8
cell samples obtained from normal individuals ingested >80%
of the organisms and for the remaining sample (sample
number 1, Table 17) the figure was 68%. In all these
samples the intracellular killing was virtually 100% (Table
17). Overall, the peritoneal macrophages from normal
individuals were no more efficient at ingesting

S.epidermidis than were the cells from CAPD patients

(p>0.05), but they were significantly better at killing the

ingested organisms (P<0.001).

4.6.2. Relationship Between Phagocytic Activity of Cells

and Frequency of Peritonitis in CAPD Patients.

There was no correlation between the degree of
ingestion or of intracellular killing by cells from CAPD
patients with the frequency of episodes of peritonitis

(Figure 17). However, in Table 16 it can be seen that cells
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TABLE 16 : Ing

estion and

Intracellular

Killing

S.epidermidis by CAPD Peritoneal Cells

CAPD
PATIENTS’
INITIALS

FREQUENCY OF
PERITONITIS
(see Table 2
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L. McL

M. McV

P.McV

.

W w
3 @

o

wpp
~N oo

Median
Lower quartile

Upper quartile

% OF S. % OF INGESTED
EPIDERMIDIS S.EFIDERMIDIS

INGESTED KILLED
3az.1 48.0
64.7 97.8
61.4 73.3
70.2 100.0
74.5 80.5
98. 2 95.0
75.4 80.6
64.4 67.7
83.1 97.5
78.1 79.4
97.8 90.5
70.6 78.2
90.1 80.6
81.4 62.0
g0.2 93.0
93.7 91.2
91.0 94.5
87.4 88. 4
62.8 87.7
95.0 99.2
85.1 97.4
81.8 84.6
36.0 86.6
93.6 92.3
88.5 82.6
72.0 57.2
90. 4 88,2
£9.2 4.2
g61.6 86.3
70.3 79.7
90.3 24.4
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TABLE 1 t Ingestion - and Intracel lular Killing

S.epidermidis by Normal Peritoneal Cells.

NORMAL % OF % OF INGESTED
PERITONEAL CELL S.EPIDERMIDIS S.EPIDERMIDIS
SAMPLE NUMBER INGESTED KILLED
s 67.8 °8.5
2 89.6 96.3
3 93.4 ~100.0
4 86.0 100.0
5 96.9 ; 100.0
=] 98.5 899.9
7 B4.7 99.6
8 80.0 995.9
" Medtan es.e 5.8
Lower quartile 86.0 gs8.8
Upper quartile 86.0 100.0
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FIGURE 17 :

(a) Comparison of Ingestion of S.epidermidis with Frequency of

Peritonitis (Data from Table 16>,

4-3) Comparison of Intracellular Killing of Ingested

S.epidermidis with Frequency of Feritonitis (Data from Table 16).
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|
obtained from one patient (A.Ca) with a high incidence of
peritonitis (6.8 episodes per year on average) showed a low
level of ingestion, and similar rgsults were obtained with
two subsequent samples from the same patient over a six
month period, the average ingestion being 53+t15% for the
three samples. In two of these, intracellular killing was
also low (48% and 73% of the ingested bacteria). The ceils
in a single sample obtained from another patient (L.MclL)
with a high incidence of peritonitis (5.1 episodes per year
on average) also showed very poor ingestion (37%), though
intracellular killing was normal. Thus although in most
cases peritoneal macrophages from CAPD patients appear to

efficiently ingest and kill S.epidermidis it is possible

that in isolated patients this function may be impaired and
this could ..be a cause of the patient being more prone +to
peritonitis.

It should be noted that for statistical reasons only
one sample from each patient was used to relate
bactericidal activity to frequency of peritonitis. Where
more than one sample was tested the last sample was used in

each case.

4.6.3. H. DO, Releage by Peritoneal Macrophages and Monocytes

-~

Peritoneal cell samples from the PDE of 10 new and 22
established CAPD patients as well as 9 mnormal peritoneal
cell samples from women undergoing laparoscopy for
sterilisation, and 7 normal peripheral blood monocyte

gsamples were analysed for their capacity to produce Hth,

with and without stimulation with opsonised zymosén.

The amounts of H_.0O_ produced both on stimulation with
e
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zymosan and spontaneously 1is shown 1In Table 18. A

gsignificantly greater amount of H,_,D2 was released by
e

macrophages from PDE of new CAPD patients, compared with
all the other cell types examined (p<0.005). Release of
H202 by normal peritoneal macrophages was also.
significantly higher than that from macrophages from
established CAPD patients and from blood monocytes

{(p<0.01). However no significant difference in H release

202
was found between peritoneal macrophages from established
CAPD patients and normal blood monocytes. The amount of
H202 released spontanecusly by all cell types was very
small (Table 18).

4.6.4. Expression of HLA-DR Antigen by Human Peritoneal

Macrophages and Monocvytes.

Peritoneal cell samples obtained from the PDE of 12
new and 18 established CAPD patients, as well as 17 normal
peritoneal cell samples and S8 normal blood monocyte
samples were stained with anti HLA-DR monoclonal, Resuits
are shown in Table 19.

Considerable variation in the level of HLA-DR
expression between different samples was seen. The
intensity of the staining also varied extensively within a
sample, from wvirtually nothing through faint surface
staining to well defined peripheral rings. As a conseguence
of this, cells were initially only classified as positive
if an intense well-detined peripheral ring was observed.
These are the cells labelled "strong” in Table 19. An
example of the staining is shown in Figure 18.

However the proportion of HLA-DR positive monocytes
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TABLE 18 : 52g2 Release by Peritoneal Macrophages and
Monocytes.
PERITONEAL MACROPHAGES FROM:
———————————————————————————————————————— NORMAL
PATIENTS NEW NORMAL BLOOD
ESTABLISHED CAFPD PERITONEAL MONOCYTES
ON CAPD PATIENTS CELLS
ZYMOSAN + - + ¥ + -X + X
NUMBER
OF 22 13 10 10 =] 7 7 5
SAMPLES
HZO RELEASE
(pm?lOpg DNA)D &
MEDIAN 6.4 ND 13.4 0.3 10.6 ND 7.1 ND
LOWER
QUARTILE 5.0 ND 12.3 ND 9.2 ND 6.3 ND
UPPER
; QUARTILE 8.6 0.2 la.8 1.8 11.4 ND 7.7 ND

¥ Only determined when enough cells were available in each
sample

ND= not detectable
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TABLE 19 : Expression of HLA-DR by Feritoneal Macrophages
and Monocytes.
CAPD PERITONEAL MACROFPHAGES FROM:
——————————————————————————————————————— NORMAL
PATIENTS NEW NORMAL BLOOD
ESTABLISHED CAPD CONTROLS MONOCYTES
ON CAPD PATIENTS

STAINING INTENSITY:

STRONG FAINTx* STRONG FAINT STRONG FAINT STRONG FAINT

NUMBER
oF 18
SAMPLES

% OF HLA-DR
+VE CELLS:

MEDIAN 38

LOWER
QUARTILE 34

UPPER
QUARTILE 49

64

# The designation

extended to

include

60

81

= 17 9 9 7
84 58 88 38 68
78 48 Ta 36 64
20 62 80 46 70

HLA-DR positive macrophages was

not

only those <cells with strong

peripheral staining but also those which were faint. Such a

recount was only pertformed on a representative proportion

of macrophage

results.

samples.

See text for relevance of these
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(m)

(b)

FIGURE 16

(a) staining of CAPD peritoneal cells with a phycoerythrin-
conjugated monoclonal antibody to HLA-DR antigen.

(b) Same field as (a) seen under phase-contrast

— positive cell with sharp peripheral <cell fluorescence

— faint fluorescence
— negative cell
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thus obtained was considerably less than the 60%, 70% or
virtually 100% positivity quoted by others (Volk et
2l,19885; Ng et al,1982; Smith and Ault,1981). In order to
account for this differenceAsome of the samples were re-
examined, with the classification of HLA-DR positive cells
being extended to include those cells with faint staining.
These figures are also shown in Table 18. As a result, the
proportion of HLA-DR positive monocytes was nearly doubled
from a median of 39% to 68%, a figure more in line with
those reported previously. The proportion of HLA-DR
positive <c¢ells therfore depends to a large extent on the
criteria wused for classifying cells as either positive or
negative.

Nevertheless, when only the strongly-staining cells
were counted a significantly greater proportion of HLA-DR
positive cells were found in macrophages from PDE of new
CAFD patients compared with all the other macrophages
(p0.01)., Expression of HLA-DR by normal peritoneal
macrophages was also greater than in macrophages from
established CAPD patients or blood monocytes (p<0.01). The
proportion of HLA-DR positive cells in peritoneal
macrophages from patients established on CAPD and in blood
monocytes did not differ significantly. lf however this
classification was extended to include faint staining as
well as strong, the proportion of HLA-DR positive cells was
found to be greater in normal blood monocytes than in

peritoneal macrophages from patients established on CAPD.
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4.7, RISCUSSION

Investigation of the activity of cells from
the peritoneum of patients on CAPD was undertaken in order
to detect any defects which might possibly account for the
increased incidence of peritonitis observed with certain
patients. It was also important to compare the properties
of these peritoneal cells with normal peritoneal cells to
give an indication of possible effects of the CAPD process

itself on the immune system of the peritoneum.

4.7.1. Bactericidal Activity of CAPD Peritoneal Cells

The peritoneal cells, the majority of which were
macrophages, in the PDE of uninfected CAPD patients were
able in most cases to efficiently phagocytose and kill

opsonised S.epidermidis. However, when compared with

peritoneal macrophages obtained from normal individuals
undergoing laparoscopy, the cells from CAPD patients were
significantly less efficient at killing ingested organisms,
although there was no difference in the degree of
ingestion. Lamperi and Carozzi (1886a) also found
deficiencies in the killiing ability of some CAFD patients’
peritoneal macrophages. These workers, however in contrast
to the results reported here, also found that cells from
CAPD patients with high peritonitis rates were
significantly less able to kill bacteria than those from
norm;l gsubjects. The reason for this difference is not

clear, although the bactericidal assays employed were

different. The reduction in bactericidal activity of the
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peritoneal macrophages observed by Lamperi and Carozzi
(1986a) correlated directly to their ability to release PG
suggesting that the c¢ells in the peritoneum of CAFD
patients are in an inflammatory environment, their cgelliular
activity being suppressed by the PG which is a well known
regulator of Inflammation (reviewed by Gemsa, 1981).

The reduced ability of CAPD peritoneal! cells to kill
ingested bacteria may be due to the immaturity of the
macrophages obtained from CAPD patients as they are thought
to be recently arrived and relatively immature cells, whose
microbicidal mechanisms may not be fully developed.
Goldstein et al (1984) found that peritoneal cells from
CAPD patients exhibited a significantly lower wuptake of
eicosanocid precursors (ie arachidonic acid) compared with
normal peritoneal macrophages, a finding which suggests
immaturity as incorporation of these fatty acid precursors
appears to iIncrease with cell maturity (Pawlowski et al,
1983; Scott et al, 1980). In addition the absence of ecto-

5' nuclieotidase (Goldstein et al,1984) suggests that these

peritoneal cells are blood-derived monocytes which have not

.yet differentiated into macrophages, as peripheral blood

monocytes in humans lack detectable gquantities of this
enzyme (édelson, 1981) but accumulate large ammounts as
they mature 1into macrophages either in viveo or in vitro.
The continuous removal of 30-40 million peritoneal cells
daily may stimulate bone marrow replacement of resident
celis at an excessive rate, so that instead of the
peritonea of ©patients on CAPD containing mature tissue
macrophages, they may instead be populated by cells more

akin to immature blood monocytes. The increased
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chemotactic activity of these cells shown by Geoldstein et
al ((1984), may again reflect this immaturity as Wilkinson
(1982) has previously shown that young mononuclear cells
elicited by an inflammatory stimulus are more
chemotactially active than are their older equivalents in
the form of resident macrophages.

An alternative explanation for the decreased
bactericidal activity of CAPD patfents’ peritoneal
macrophages could relate to the effect the dialyslis fluid
may have on their function. CAPD involves constant contact
with commercial dialysis solutions which when instilled are
relatively hypertonic and acidic (Duwe et al,1881). Before
the fresh dialysate approaches isotonicity and
physiological pH, the cells may be significantly damaged.
Duwe et al (1881) found that commercial dialysis fluid
suppressed the activity of peripheral blood leucocytes as
measured by chemiluminescence, phagocytosis and bacterial
killing. Suppression was found to be due to the low pH and
high osmolality of the fluld. Alobaidi et al (1986) also
found that PDE suppressed peritoneal macrophage function,
although the effect decreased with increasing dwell time.
How important this finding is to the resuits reported here
is debatable as Alocbaidi et al (1986) also found that
overnight FDE, from which all the cell samples here were
obtained, did not affect cellular function. It is possible
however that the initial hour after each exchange, before
the PDE has had time to adjust, may severely hamper the
activity of the phagocytes and elimination of any
contamination at this point may be inadequate. Patients may

therefore be particularly at risk each time an exchange .1is
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performed.

Even if cellular activity were normal the large fluid
volume may disrupt the usual intraperitoneal flow and
clearance of bacteria from the peritoneum (Dunn et al, 1985;
Duwe et al,1881; Vas,1981; Hau et al, 1979). This fai!ure
of the normal transport mechanism may meapn that antigen
will not be delivered to the lymph nodes, which s
essential for the initiation of specific immune responses
and the resultant effective elimination of pathogens from
the peritoneum. In addition it is possible that the antigen
presenting function may be defective due to the immaturity
of the peritoneal macrophages, or the suppressive effect of
the PDE (Duwe et al,1881) may alsc severely inhibit the
mounting of these specific immune responses. Experiments by

)

Duwe et al (1981), and Verbrugh et al (1983), also suggest
that the concentration of peritoneal macrophages in FDE may
not be sufficient to handle bacteria that gain entrance to
this site. 1ln vivo, less than 100 phagocytic cells per mm
of blood (as in granulocytopenic patients) is well known to

predispose patients to bloodstream infections. Gnly during

peritonitis is this number reached in CAPD patients.

4.7.2. Relationship of Microbicidal Activity of CAPD

Peritoneal Cells to Freguency of Peritonitis.

Overall there was no correlation between either

ingestion or killing of S.epidermidis by macrophages {from

CAPD patients and frequency of peritonitis, indicating that
an intrinsic defect in phagocyte function is not likely to
be a major cause of increased susceptibility to

peritonitis. However, in two cases (patients A.Ca and
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L.McL>, cells from patients with a high incldence of
peritonitis did show reduced ability to ingest ands/or Kkill

S.epidermidis, suggesting that in some patients defective

phagocytic activity may be a contributing tfactor. Iindeed,
recurrent or persistent Staphylococcal infections seen 1in
some patients due to intraleucocyte sequestration of
bacteria, (Buggy et al,1984) may possibly result from

defective intracellular kiliing.

4.7.3. Ability of Cells to Release H.O

s

In view of the importance of reactive oxygen
intermediates in the process of intracellular killing and
as a marker of the activation state of the cells, the

amount of H_O_, released by peritoneal macrophages from CAFD

22
patients and controls was examined. Blood monocytes from
normal controls and peritoneal macrophages from patients

established on CAPD appear to bhe analogous in terms of
their ability to release H202 which would support the
previous suggestion in section 4.7.1 that the CAPD <cells
are relatively immature. Alternatively, as CAPD patients
have a tendency to anaemia (personal communication; J.D.
Briggs), the lower than normal H202 levels released by CAFPD
peritoneat macrophages might be due to insufficient
metabolically active intracellular iron (Thompsan
et al, 1986) which {s believed to be involved in 02

metabolism (eg as a component of cytochromes; Brock and

Mainou~-Fowler, 1988). Low 0O_ tension in the peritoneal

2
fluid, possible due to the adverse effect of the large
fluid volume as suggested by Duwe et al (1881>, may also

impair H,0, production, an effect which may not necessarily
L
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be alleviated after two hours in culture.

In contrast, the greater amount of HZDZ released by
normal peritoneal macrophages compared with those from
patients established on CAPD agrees with their increased
bactericidal activity, reflecting their increased maturity.
The iIncreased H202 production by peritoneal macrophages
from new CAPD patients, compared with normal peritoneal
macrophages, which in theory should be analogous, may be
due to activation of the CAPD peritoneal macrophages. This
may possibly be brought about indirectly via IL-1, which is
produced in response to steroids such as estrogens (Flynn,
19861 released by an inflammatory reaction to the catheter
implantation a fortnight before. IL-1 will in turn
stimulate production of lymphokines (Kampschmidt, 18843

Staruch and Wood, 1983) such as gamma IFN, which is known to

increase H_ O_. production by cells (Wilson and Westall, 1985;
<

2
Nathan et al,1983). An alternative cause of the increased
H202 release by peritoneal macrophages from new CAPD

patients could be factors secreted by polymorphs (Bird et

al,1984). - Polymorph supernatants, lysates, and their
regpective ultrafiltrates were found to enhance the
chemiluminescence responsés of normal macrophages. The
peritoneal cells from these new CAPD patients contained

15.5% of neutrophils compared with 3.8% in patients
established on CAPD.

In c¢ontrast to the results reported here, Peterson
et al (1985) found that ‘CAPD patients’ peritoneal
macrophages generated greater chemiluminescence than normal
resident pe;itoneal macrophages, presumably reflecting

their increased ability to produce 02 . A possible
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explanation for this may be that chemiluminescence measures
an earlier step in the chain of the respiratory reaction

release and therefore O levels may not

than 2

Hy0,

correspond to H,.,O2 levels. Secondly unlike the H assay

202
described in this chapter, which was performed on adherent‘
cells, the chemiluminescence was performed on cells in
suspension. As a resuit the average polymorph contamination
of the CAPD patients’ cells in the study of Peterson et al
(1985) was B% compared with 1% in the present work. This
is important as MacGowan et al (1883), have shown that each
polymorph produces approximately four times the
chemiluminescence of every macrophage and therefore any
poelymorph contamination might artificially raise ;esults.
In addition, Peterson et al (1885), were comparing CAFD
cells containing 6% polymorphs, with suspensions of normal
peritoneal cells in which the polymorph content was only

Z2%. In the studies reported here, there was less than 2%

neutrophil contamination in each case (4.5,1).

4.7.4, HLA-DR Expression by Peritoneal Macrophages and

Monocytes.

The antigen presenting function of CAPD peritoneal
macrophages, as well as their maturational or activaticnal
state, was investigated indirectly via the proportion of
HLA-DR positive cells.

Large differences exist in the percentage expression
of HLA-DR found on mononuclear phagocytes by different
groups. Costabel et al (1986), found that more than 90% of
alveolar macrophages expressed HLA-DR whereas Razma et al

(1884, found much lower levels (21%). Some groups were



unable to detect HLA-DR negative subsets among human
peripheral or peritoneal macrophages (Smith and Ault,1881)
while other studies have found negative cells (Ng
et al,1982). This discordance may be due to the different
gensitivities of the methods used. Costabel et al (1986)
used immunoperoxidase which was more sensitive than direct
immunof luorescence used by Razma gt al (1984), and direct
immunof ljuorescence used in this work. Costabel et al
(1986) may therefore have classified as positive cells that
expressed only small amounts of HLA-DR antigen on their
surface. Secondly Razma et al (1984} studied =adherent
macrophages after 24 hours culture rather than macrophage
preparations made immediately after isolation. Cells in
culture may alter their surface marker characteristics.
Differences in the reactivity and specificity of different
anti HLA-DR antibodies used by different groups may also
account for discrepancies between the results of different
groups. Clerici et al (1884) showed that variable results
were obtained for HLA-DR expression depending on the
monoclonal antibody used, suggesting that not all anti-HLA-
DR antibodies recognise the same antigenic determinant.
Peritoneal macrophages from new CAFD patients were
found to express a greater proportion of HLA-DR positive
cells than macrophages from established CAPD patients,
normal peritoneal macrophages, or blood monocytes. Again,
as with H202 release, activation or stimulation of these
cells with ©possible IL~-1 production may be the cause.
Flynn (1986) has shown with murine cells that the

activation of Ia expression correlated with IL-1

production. This 1is also probably mediated through gamma
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[FN, which is well known to increase HLA-DR expression on
cells (Gershon et al,1985; ©Sztein et al,1884; Basham and
Merigan, 1883).

The similarity in the degree of HLA-DR expression by
peritoneal macrophages from patients established on CAFD
and by blood monocytes (also shown by Smith and Ault,1i981),
may, as with the amount of H202 released by these cells,
again suggests that these CAPD macrophages are indeed
immature cells closely similar to monocytes. Smith and Ault
(1881) showed a 2-3 fold increase in expression of HLA-DR
on culture of both blood monocytes and CAPD patients’
peritoneal celils, which also suggests that the CAPD cells
are immature monocyte-like macrophages, which mature on
culture to resemble resident tissue macrophages.

it, however, the CAPD peritoneal macrophages from
established patients were more like chronic inflammatory
cells than monocytes, as suggested by Beelen et al (18886),
then the decreased staining for HLA-DR compared with other
cell types could be explained by the dampening effect of
PG, which is released during inflammation (Humes
et al,1977). Snyder et al (1882), have shown that PG
markedly inhibited la expression on macrophages previously
stimulated by lymphokines. PG may provide a physioclogical
dampening mechanism that 1in concert with +the positive
stimulation of the T-cell lymphokines regulate the levels
of la expression in a given population. Reduction of HLA-DR
expression has also been suggested to be due to ROl which
are released at inflammatory sites (Gruner et al,1986) and
this might occur in the peritoneum of CAFD patients. RO1

achleve thelr effect by influencing PG synthesis (Gruner
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et al,1886).

When the criteria used to classify cells as HLA-DR
positive was extended to include not only those cells with
bright peripheral staining, but also those with faint
fluorescence, the average proportion of positive staining
for monocytes was higher than that for the CAPD cells,
which also may suggest that HLA-DR levels are suppressed in
CAPD patients’ peritoneal macrophages. It would also have
been of interest here to examine blood monocytes from CAFD
patients and compared HLA-DR expression on these with that
found on the normal blood monocytes to see whether HLA-DR
expression 1Is depressed generally in patients on CAPD.
Lamperi and Carozzi (1886a) found peritoneal macrophages
from a group of high peritonitis rate CAPD patients
released larger amounts of PG and lesser amounts of IL-1
than cells from CAPD patients with low peritonitis rates or
from normal subjects. This could explain why these
patients’ cells show reduced HLA-DR expression. This also
suggests that the normal equilibrium state which exists
between the positive and negative signals is disturbed in
some of these CAPD patients, who may overproduce PG and as
a result sguppress their immune responses. However the
importance of PG in the regulation of HLA-DR expression
has recently been called into question by the finding of
Kunkel et al (1886), who reported that while PG did indeed
depress ia/HLA expregsion in murine cells no effect was
found with' human cells. It must also be noted that
Goldstein et al (1984), indicated that CAPD <cells had
morphoxlogical characteristics of resting rather than

stimulated mononuclear phagocytes, based on the lack of
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membrane ruffling and characteristic organelle content,
suggesting again that PG may not be responsible for the
reduced HLA-DR expression on CAPD cells.

The suppression of HLA-DR antigen in CAPD patients
might be beneficial, in that it could prevent or limit
presentation of altered self determinants or unrevealed
hidden antigens arising during tissue destruction by
inflammatory effector mechanisms. The benetits of this
decreased HLA-DR level may, however be outwelghed by the
gimul taneous decrease in the peritoneal defences of thess
CAPD patients as reduced expression of HLA-DR in addition
to functionally defective antigen presenting cells may
severely compromise any mounting of specific immune
responses. Indeed such a decrease—in immune responsiveness
has been noted in certain CAPD patients on challenge with
DNCB (Tsakiris et al,1986).

In summary therefore it appears that at least some of
the c¢ellular activities of CAPD peritoneal cells are
reduced in comparison with the population found in the
normal peritoneum, This 1is shown both by their reduced
bactericidal activity and by a decreased ability to release
H202. There is also a reduced expression of HLA-DR antigen.
These differences are probably caused primarily by the
immaturity of the CAFD cells rather than by actual defects
in their activity. This immaturity will weaken not only
their importance in phagocytosis but may also impalr other
macrophage functions, such as interactions with T-
lymphocytes. 1t is also c¢lear that the peritoneal
macrophages from new CAFPD patients are not analogous to

normal peritoneal macrophages but appears to have undergone
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some kind of activation or stimulation, perhaps due

ingertion of the catheter.
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CHAPTER &
LEVELS AND FUNCTIONS OF 1gG, C3 AND TRANSFERRIN

IN PERITONEAL FLUID
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£.1 INTRORUCTIQN

Up to this point the thesis has focused on the
intrinsic properties of the CAPD macrophages, however
efficient bactericidal activity of phagocytic cells
generally requires that the micro-organisms be opsonised
with molecules that facilitate their ingestion. 0f these,
l1gG and C3, which represent the traditional heat-stable and
heat-labile opsonising elements respectively, are generally
considered to be the most important (Keane and
Peterson, 1984; Johnston and Stroud, 1977 Stossel, 1974
Winkelstein, 1873).

The contribution of opsonic molecules to host defences
against infection has been demonstrated in a variety of
digeasges (Johnston and Stroud, 1977; Stossel, 1874
Winkelstein,1973) and any quantitative deficiency of
opsoning can seriously compromise the bact;ricidal function
of phagocytic cells (Keusch et al,1982; Lew et al,1879).
Indeed it has been suggested that infection of the
perlitoneal cavity by Gram-negative organisms in patients
with alcoholic cirrhosis and ascites is related to a
deficiency of heat-labile opsonins in ascitic fluid
secondary to decreased complement levels (Simberkoff et
al,1978; Fromkes et al,1877).

The frequent fluid changes involved in CAPD means that
not only phagocytic cells, but also soluble proteins are
constantly removed from the peritoneal cavity in the
peritoneal dialysis effluent (PDE) and replaced by a large

quantity of fresh fluid which is completely devoid of
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both proteins and cells. This may adversely affect the
normal antimicrobial activity of the peritoneal cavity.
Indeed, it has been shown that the bactericidal activity of
peritoneal macrophages and blood leucocytes suspended in
PDE was impaired due to suboptimal levels of opsonins
(Verbrugh et al, 1984; Verbrugh et al, 1983), which means
that even if the phagocytic activity of the peritoneal
macrophages from CAPD patients were intact, (as appears to
be the case from results reported earlier in this study),
inadequate levels of serum proteins may severely undermine
the defences of the peritoneum. Hence, while effective
phagocytosis early in the course of bacterial invasion may
limit the spread of bacteria and prevent ongoing infection,
ineffective phagocytosis, due to inadequate levels of
opsonins, may lead to uncontrolled bacterial multiplication
and overwhelming infection.

| Another serum factor involved i{in defence against
infection is the iron transport protein transferrin (Tf),
which binds any available iron and thereby helps to prevent
bacterial growth, as iron is an essential nutrient for most
bacteria (Brock, 1986). It may be that the dilutional
effect mentioned above reduces the concentration of Tf in
CAFD fluid to a level where it is no longer able to provide
bacteriostatic activity.

It 1is generally believed that the proteins present in
the dialysate, including 1gG, C3 and Tf, mainly originate
from the blood by passage through the peritoneal membrane,
although local synthesis of some proteins by cells in the
peritoneum hags been suggested (Dulaney and Hatch, 1884;

Kowalewski et al,1871). Some authors reported elevated

="
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albumin to globulin ratios in dialysate compared with those
in serum (Gordon and Rubini, 1967) suggesting some
restriction to the passage of high molecular-weight
proteins. Others were unable to find such differences in
peritoneal protein clearances, and instead suggested that
protein entered the peritoneum by free diffusion
(Blumenkrantz et al, 1881).

In the light of this, the present study was undertaken
to determine the concentration and antimicrobial activities
of 1gG, C3 and Tf in PDE from patients on CAPD and compare
them with normal peritoneal fluid and sers, both from
normal controls and CAPD patients. Finally, in order to
ascertain whether any of these factors are of clinical
gignificance with respect to susceptibility of patients to

peritonitis, each of the above was related to the frequency

of episodes of peritonitis experienced by each patient.
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£.¢ UMATERIALE

5.2.1. Peritoneal Fluid Samples

Overnight dwell (10-12 hours) PDE was obtained from a
total of 44 patients on CAPD, details of whom are given in
Table 20. One or two samples were obtained from each
patient, with at least two weeks between samples in the
latter case. Only FDE samples where peritonitis had not
occcurred within three weeks either side of the date of the
sample were used in this study. Three weeks was considered
to be an adequate period for normalisation, as no sample
taken outwith this period was found to contain more than
15% of neutrophils or more than 108 total cells in PDE
(c.f. section 2.5,1). Samples of PDE were spun at 250g for
5 minutes to separate the cells and then stored in frozen
allgquots. Normal peritoneal fluid, which was obtained by
aspiration from 8 healthy women undergoing laparoscopy for

sterilisation, was similarly treated.

5.2.2. Serum Samples

Serum samples from 17 CAPD patients were obtained at the

same time as peritoneal fluid and stored at -20°%¢  (see
Table 20). Normal human serum (NHS) was obtained from
healthy volunteers and stored at -20°C. Some samples were
pooled.
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TABLE 20 : Details of Patients Used in Monitoring

the

Levels and Activities of Serum Proteins in PDE.

PATIENTS®' SEX AGE MONTHS SYSTEM+ ORIGINAL
INITIALS (YRS) ON CAPD DIAGNOSIS

R.Ad male 59 21 Pyelonephritis
M.Ba female 55 7 Glomerulnephritis
A.Ba female 59 42 Polycystic Kidneys
A.BI male 70 <] Glomerulonephritis
*A.Ca female 75 5 Glomerulonephritis
W.Ch male 48 9 Diabetic Nephropathy
#R.Co female 656 1 Polycystic Kidneys
R.Con female 39 47 Glomerulmephritis
*W.Co male 33 1 Unknown
C.Fe male 53 2 Diabetic Nephropathy
A.Fu female 42 2 Glomerulonephritis
*M. Ge female 60 53 Hypertension
[.Jo male 37 5 Glomerulonephritis
B.Go male 33 1 Diabetic Nephropathy
#J.Gr male 29 1 Glomerulonephritis
W.Ka male 46 1 Glomerubnephritis
R.Ke male 47 1 Glomerulonephritis

; *R.Le male 55 2 Diabetic Nephropathy
#M.McA fema}e 51 47 Hypertension

| R.McA male 64 4 Unknown

L *M.McC female G586 23 Analgesic Nephropathy

[ J.McF male 48 45 Glomerulonephritis
*¥C.McG fema&e 62 6 Analgesic Nephropathy
J.MeK female 64 1 Hypertension
L.McL female 55 7 Pyelonephritis




TABLE

PATIENTS
INITIALS

A.McL
M. McV
F.McV
*A.Me

C.McC

*T.Mo

20 : Cont.

'  SEX

male

female

male

female

male

male

female

female

female

female

male

female

female

female

female

male

female

male

AGE

(YRS)

51

54

61

36

a7

45

43

71

64

38

50

49

43

51

MONTHS sysTEM' ORIGINAL
ON CAPD DIAGNOSIS

1 T Glomerulonephritis

8 T Polycystic Kidneys

1 T Pyelonephritis
18 T Glomerulonephritis
18 T Glomerulonephritis

1 T Glomerulonephritis
27 T Polycystic Kidneys

1 F Glomerubnephritis
48 F Analgesic Nephropathy
6 F Diabetic Nephropathy
1 T Renal Tumour

9 F Diabetic Nephropathy-
36 T Analgesic Nephropathy
32 T Glomerulonephritis.

1 T Polycystic Kidneys

2 T Glomerulonephritis

i F Polycystic Kidneys
10 T Polycystic Kidneys
27 T Diabetic Nephropathy

n
H

—
n

male

44

Fresenius System

Travenol

System

Il

¥ Patlents from whom a serum sample was also obtained
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£.2 HMETHODS

5.3.1. Determination of Opsonic Activity

This wag carried out by radiometric assay as described
in Chapter 3. In each experiment, aliquots of §S.

epidermidis were opsonised for 15 minutes at 37°C with

elther NHS or the test fluid sample. A third aliquot,
suspended in PBS, was used for turbidometric determination
of the bacterial -count. Suspensions of the total CAPD
peritoneal cells (predominantliy macrophages) were prepared
as 1in section 2.4.1, The sample opsonised with NHS was
included in each experiment in order to standardise
conditions sgo that differences in cell activity would not
affect the results. The opsonising capacity of the fluid

was calculated as follows :-

% of bacteria ingested when opsonised with sample

% of bacteria ingested when opsonised with NHS

5.3.2. Determination of Bacteriostatic Activity

A suspension of 2x105 log-phase §&. epidermidis in

50ul of PBS was added to 0.5ml of filter-sterilised
peritoneal fluid or serum in a plastic microtube.
Unresticted growth was determined in controls containing
RPMI 1640 medium + 25mM Hepes (Flow Laboratories) instead
of the sample. To all of the tubes 50ul of PBS was also

added. In addition to evaluating the growth of bacteria in

each of +the peritoneal fluids and sera, the effect of
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adding extra Tf to each of these was also tested in order
to determine whether the level of Tf in each sample was
optimal. This was achieved by addition of 50ul of img/ml
soiution of iron-free human Tf (Behring-Hoechst, Hounslow,
U.K.» in PBS instead of just PRBS. Finally 20l (2uCi) of
[SH]—uridine was added to each tube, and these were
incubated at 37°C for two hours. The samples were then
harvested and counted as described in 3.3.2. Each sample
was sget up in triplicate. The bacteriostatic activity of
the test fluid was calculated as the percentage growth in
the test sample compared with the RPMI 1640 control. The

effect on growth of S.epidermidis of addition of extra Tf

was calculated as follows :-

Change in growth = (% growth in — (% growth in
test sample) test sample + Tf

£.3.3. Determination of Total Protein

Protein was precipitated with salicyl sulphonic acid
and the turbidity of the suspension at 650nm compared to a
standard curve. (This procedure was carried out by Dr.
Spooner in the Biochemistry Department, Gartnavel General

3

Hospital, Glasgow.}

5.3.4. Estimation of igG, C3 and Transferrin Levels

Thizs was carried out by radial immunodiffusion, using
Partigen LC plates (Behring-Hoechst). Appropriate dilutions
of standard normal human serum (Behring-Hoechst) were used

to construct standard graphs.
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5.3.5. Statistical Methods

The methods used were sum of ranks,

Spearman rank correlation, as appropriate.
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£:4 RESVLTE

5.4.1, Levels f 1gG, 3 and Transferrin in Peritoneal

Fluids and Sera.

The levels of lgG, C3 and Tf in 38 of the 44
individual PDE samples were measured and compared with
thoge in normal peritoneal fluid, CAPD patients'’ sera, and
normal sera (Table 21). The levels of all three proteins in
PDE were much Jlower than those in the sera or normal
peritoneal fluid, the difference being of the order of 50O
to 100 fold. Levels in normal peritoneal fluid did not
differ significantly from those in normal sera, and the [gG
and C3 levels in CAPD patients’ sera were also similar to
those in normal sera, although Tf levels were slightly
lower (p<0.05).

When the results from individual samples were
considered, a significant correlation was found between the
levels of 1gG, C3 and Tf (p<0.0Q001» in PDE (Figure 19). No
such correlation was found tfor normél peritoneal fluid or
tor sera (Figures 20,21 and 22). There was also no
correlation between the levels of 1gG, €C3 or Tf in PDE and
those in the corresponding patients’ sera (Figure 23). In
addition no significant difference in levels of lgG, C3 and
transterrin in PDE was found when patients were grouped
according to diagnosis (Table 22). In particular no
difference was found between the levels of proteins in the
-PDE of diabetic and non-diabetic patients.

In 28 of the patients tested, the level of total
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TABLE 21 : Serum Protein Levels in Peritoneal Dialysis

Effluent, Normal Peritoneal Fluid and in Normal

and CAPD Patients' Sera.

PERITONEAL NORMAL CAPD NORMAL
DIALYSIS PERITONEAL PATIENTS? HUMAN
EFFLUENT FLUID SERA SERA
NUMBER
OF 38 8 17 6
SAMPLES
12. 7%+ 1085 1160 1120
IgG (5.7-20.1) (958-1104) (705-12185) (1082-1185)
2.2 + 110 150 140
C3 (1.2-2.8) (100-118> (122-185) (130-170)
4.1 + 225 200 # 250
TRANSFERRIN (2.5-6.7) (204-230) (168-242) (214-305)

# Median (interquartile range). All figures are mg/dl

+ p<0.001 compared with normal

# p<0.05 compared with normal

148

human serum

human serum



TRANSFERRIN (mg/dlD)

154 (@ * p<0.001
*
10-
5 sk okoke Kk *
*’g* KKk K
O l** 1 i | |
0 10 20 30 40
Ig¢G(mg/dD
IeG(mg/dD
20. p<0.001
¥k
207 Hork * *
LR
10- . ok #**
0 ot ¢

T

0 2.0 4.0 6.0 8.0
C3(mg/dD



TRANSFERRIN (mg/dl)

20 -
©
15 -

10 -

ok k%
5 4 *

Mol
% skskokok stokekok

p<0.001

0 o Rk *
i | ! 1 i ]
0 2.0 4.0 6.0

C3(mg/dD

8.0

FIGURE 19 : Comparison of Levels of IgG, C3 and Transferrin

in Peritoneal Effluent

Dialysis
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Patients,
(a) 118G compared with Transferrin
(b) C3 compared with 113G

(@) C3 compared with Transterrin
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FIGURE 21 : Comparison of Levels of IgG. €3 and Transferrin

in CAPD Patients' Sera
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(c) C3 compared with Transfarrin
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TABLE 22: Serum Protein Levels in

Effluent from Patients on CAPD Grouped

Peritoneal

Dialysis

According

to their Original

Diagnosis for Renal

Failure.

ORIGINAL DIAGNGSIS

GLOMERULONEPHRITIS DIABETIC
NEPHROPATHY
NUMBER
OF 12 7
SAMPLES
13.6% 8.1
IgG (4.6-23.5) (7.8-20.0)
1.5 2.1
Cc3 (0.4-2.8) (1.3-2.4)
5.0 3.4
TRANSFERRIN (1.2-7.4) (2.9-4.8)

* Median (interquartile range). All

includes patients

+ This group

hypertension, analgesic
diagnosis unknown.

There were no significant

154

with

POLYCYSTIC
KIDNEYS

14.6
(13.2-30.0)

2.5

(1.9-318)

4.2
(2.8-7.3)

figures are mg/dl

nephropathy and those with

OTHERS

8.4
(3.8-19.0)

pyelonephritis,

their

differences between any groups.



protein in the PDE was also measured and found to correlate
éignificantly with the levels of 1gG, C3 and Tf (Figure
24). There was no difference in the total protein levels in
PDE between patients on the two systems (Travenol and
Fresenius) the median figures being 1.3 g/ 1 (interquartile
range 0.6-1.6) and 0.8 g/ 1 (0.6-1.1) regspectively. A
significant inverse correlation (p<0.05) was found between
the level of total protein and the length of time a patient
had been on CAFD (Figure 25). However, if patients whe had
been on CAPD for less than six months were excluded, the
correlation became non-significant.

Although the levels of 1gG, C3 and Tf in PDE wvaried
widely between individual patients, they remalined
relatively constant between successive samples in each of

the 13 patients from whom two samples were obtained (Table

23) .

5.4.2. Opsonic Activity

The ability of PDE to opsonise S,.epidermidis for

ingestion by peritoneal cells was significantly lower than
that of normal peritoneal fluid (p<0.001), the median
ingestion being 589% (interquartile range 46-71) and 86%
(interquatrile range 8B2-93) respectively, of the ingestion
oceurring when bacteria were opsonised with normal human
serum. A correlation (p<0.01) was found between the
opsonising capacity of the FDE and the level of 1gG (Figure
26a). A less sgignificant correlation (p=0.02) was also
found with C3 levels (Figure 26b). No such correlation was

found for normal peritoneal fluid (Figures 26c and 26d).
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Dialysis Effluent of Individual Patients from

whom Two Separate Samples were Obtained.

TIME CONCENTRATION (mg/dl}:
PATIENT BETWEEN =  ~—----- e mm e m e m oo
NUMBER SAMPLES 1gG C3 TRANSFERRIN
(MONTHS)

1 1 19.4 p 3.6 4.0
18.4 b 3.2 2.6

2 1 5.0 0.9 1.7
4.8 0.5 1.4

3 2 7.8 1.3 3.4
6.8 2.1 3.8

4 3 6.6 0.5 1.3
4.8 1.2 1.0

5 1 3.5 2.8 5.4
4.8 2.8 8.1

6 0.5 12.8 3.4 6.5
14.2 2.4 6.3

7 4 10.5 2.3 5.8
14,2 2.8 7.3

8 3 8.6 1.1 2.4
7.8 1.1 2.3

8 2 8.1 1.8 4.3
7.3 2.1 3.8

10 2 12.6 2.4 4.9
13.0 2.8 4.2

11 1 16.2 2.3 3.2
12.5 1.7 2.0

12 0.5 15.9 2.3 3.2
16.2 1.8 0.9

13 5 8.4 1.3 3.6
11.4 2.5 4.2

a First Sample

b Second Sample
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5.4.3. Bacteriostatic Activity

The growth of S.epidermidis in peritoneal fluids and

sera was always less than in RPMI! 1640 culture medium which
was used as a control (Table 24). However, growth in PDE
was significantly greater than in normal sera (p<0.05).
There was no significant difference between the growth in
normal or CAPD patients'’ sera, or normal peritoneal fluid.
In addition no correlation was found between growth of

S.epidermidis in PDE and in the corresponding patients’

sera (Figure 27). A significant effect of adding extra Tf
was only shown with PDE from CAPD patients (p<0.05) and not
with normal peritoneal fluid or sera (Table 25).

A significant inverse correlation was found between

the level of Tf and the growth of S.epidermidis in PDE

(Figure 28a; p=0.002). There was no such correlation for
normal peritoneal fluid, patients' sera or normal sera
(Figure 28b,c,and d). A significant inverse c¢orrelation
(p<0.01) was also found between Tf levels in PDE from CAPD
patients and the effect of adding extra Tf, i.e. the lower
the level of Tf found in the PDE the greater the effect of
adding extra Tf (Figure 29a). Again no such correlations

were wags found with the controls (Figure 29b,ec and d).

5.4.4. Relationship to Peritonitis

When the opsonic activity of PDE samples was compared
with the frequency of episodes of periteonitis, a
significant inverse correlation was found (p<0.01; Figure
ao. Furthermore, the incidence of peritonitis was one
episode per 14.8 patient months in patients with high PDE

opsonic activity (>70% of control) against S.epidermidis
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TABLE 24 : Growth of S.epidermidis in Peritoneal Dialysis
Effluent, Normal Peritoneal Fluid, and Normal
and CAPD Patients®’ Sera.

PERITONEAL * NORMAL CAPD NORMAL
DIALYSIS PERITONEAL PATIENTS” HUMAN
EFFLUENT FLUID SERA SERA
NUMBER
OF 44 8 17 =
SAMPLES
GROWTH OF 20.0 ‘0 5.8 10.2 12.8
S.epidermidisx (5.6-37.8) (1.4-11.8) (3.8-17.8) (9.6-14.3)
¥ =as percentage of growth in control (RPMI 1640 culture

medium)
+ median (interquartile range)

0o p<0.05 compared with normal human serum
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FIGURE 27 : Comparison of the Growth of S.epidermidis 1in

Patients’ Sera with Growth in the Corresponding

Peritoneal Dialysgsis Effluents.

* as percentage of growth in control (RPMI 1640 culture

medium)
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TABLE 25

NUMBER
OF
SAMPLES
PERCENTAGE
REDUCTION IN
GROWTH OF

3. The Effect on Growth of S.epidermidis of

Addition of Extra Transferrin to PFPeritoneal

Fluids and Sera.

PER I TONEAL NORMAL CAPD NORMAL
DIALYSIS PERITONEAL PATIENTS® HUMAN
EFFLUENT FLUID SERA SERA

44 8 17 6
2.0"* ~0.1 1.2 0.7

S.epidermidis (0.38-8.58) (-0.88-0.18) (-0.05-3.80) (-0.30-2.48)

ON ADDITION OF

EXTRA Tf

+ Median

(interquartile range)

¥ p<0.05 compared with normal human serum
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FIGURE 28 : Comparison of Growth of S.epidermidis with the

Level of Transferrin

(a) in peritoneal dialysis etffluent of CAPD patients
(b 1in normal peritoneal fluid

(e) in patients’ sera

(d) 1in normal serum

#*Growth Index = rate of growth as percentage of growth in
uninhibited control (RPMI 1640 culture medium)
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(e) in CAPD patients’ sera

(d) Iin normal sera
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Episodes in CAPD Patients with the Opsonising

Capacity orf their Peritoneal Dialysis Effluents

* Percentage ingestion or S.epidermidis is relative to

ingestion of bacteria opsonigsed with normal human serum.
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(Table 26), but was nearly 3 times greater (one episode per
5.4 patient months) in patients with low opsonic activity
(<70% of control). However, no correlation was found
between the levels of either 1gG or C3, and peritonitis
(Figure 31a and b). There was also no correlation between
the freguency of ©peritonitis episodes with either the
bacteriostatic activity of the fluid or with T¢ levels

(Figures 32 and 33).
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TABLE 26 : Relationship Between Peritonitis and Opsonising

Activity of Peritoneal Dialysate Effluent

>70% OFSONIC <70% OPSONIC
ACTIVITY OF CONTROL ACTIVITY OF CONTROL

NUMBER OF
PATIENTS 10 28
OPSONIC 84a%" 55%
ACTIVITY (72-88) (43-61)

TOTAL EXPOSURE
TIME (MONTHS) 177 352

TOTAL NO. OF
EPISODES OF 12 65
PERITONITIS

AVERAGE NO.OF
PATIENT MONTHS 14.8 5.4
BETWEEN EFPISODES

* Medlan (interquartile range)

+ Compared with normal human serum - for detaills see text
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.8 DIBCUBBIQON

During CAFD, the frequent drainage of fluid
and replacement by fresh dialysate results in the removal
of proteins such as opsonins and Tf. It is therefore not
surprising that the levels of these proteins in PDE are
only 1-2% of those found in serum or normal peritoneal
fluid. These findings are similar to those reported by
others (Steen et al,1986; Keane et al,1984; Verbrugh

et al,1983). Furthermore, in this study the level of these
proteins was measured in PDE following the long overnight
dwell time when the levels would be at their highest.
During the day, with shorter dwell times, the levels of
these proteins in the peritoneal cavity will be even lower.

When levels of IgG, C3 and T¢f in PDE and the
corresponding patients’ sera were compared no correlation
could be found, i.e. the level of proteins in sera had no

effect on the levels found in the peritoneum. This 1is in

agreement with the conclusion that permeability of the

peritoneal membrane is the major factor in determining the
quantity of serum proteins that gain entry to the
peritoneal cavity rather than the actual serum levels

(Krediet et al, 1886; Dulaney and Hatch, 1984). Furthermore
a significant correlation was found between levels of [gG,
C3, Tt and total protein which suggests that the entry of
serum proteins into the peritoneal cavity does not involve
a sgspecific transport process but dépends on the filtering
efticiency of the membrane itself. Yewdall t 1 (1986>,

have recently also shown that plasma proteins, including
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opsonically active proteins, enter peritoneal fluid in
reiatively mnon-selective proportions with the effect that
CAPD fluid resembles a very dilute plasma.

When levels of total protein in PDE and length of
time on CAPD were compared, a significant inverse
correlation was found, suggesting a decrease in the
permeability of the peritoneal membrane with the passage of
time. As the correlation was not seen if only patients who
had been on CAFD for more than 6 months were examined, the
main change in membrane permeability may occur within the
first 6 months of dialysis.

Similar losses of serum proteins in the PDE were found
in both diabetic and non-diabetic patients, which 1is in
disagreement with the finding of Krediet et al (1886). A
possible explanation for this difference could simply be
due to the way in which the protein levels were measured.
The work here was based on the levels of proteins 1In the
overnight dwell PDE. However, Krediet et al (1986) worked
on the average daily protein loss in the PDE over 3
consecutive days, which therefore included protein losses
in all the daily exchanges. 1f there were 1Indeed even
small differences in the permeability of the peritoneal
membrane between diabetic and non-diabetic patients, and
hence differences in the rate of protein loss, this could
be emphasised and possibly become significant over the four
hour dwell times, but not overnight. The overnight eight
hour dwell time may allow sufficient time for the levels of
proteins to equilibrate 1in the two groups and hence no
difference would be found. Protein loss in the PDE has also

been shown to be substantially increased during peritonitis
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(Krediet et al,1986; Blumenkrantz et al,1981; Rubin et
ai,1981) due to possible alterations in the peritoneal
blood flow affecting membrane surface area or permeability.

Although the levels of IgG and C3 were similar in
CAPD patients’ sera and normal sera, as also found by
Keane et al (1984), a significant difference between the Tf
levels was found. Depressed Tf levels have been reported in
patients with chronic renal failure (Milman et al,1984) and
is 'a common feature of inflammatory disease (Bothwell
et al,1979). Protein depletion has been suggested as an
alternative explanation for low Tf levels (Bothwell et al,
1878), but no difference was seen in serum lgG or C3 levels
between CAPD patients and normal controls which might have
been expected if protein depletion were involved.

It is well established that transferrin provides an
important antimicrobial defence mechanism by rendering iron
unavailable to microorganisms in vivo (Brock, 1986). The

finding of a significant inverse correlation between the

growth of S.epidermidis in PDE and the level of Tf, which

Was not found with normal sera or peritoneal fluid, and
the difference in growth rates in PDE and controlsgs suggests
that the Tf levels are not optimal in PDE. This is further
supported by the finding that in PDE the degree of
depression of growth on addition of extra Tf <c¢correlated
inversely with the level of Tf in the PDE. No gsuch effect
was seen in normal peritoneal fluid or sera, in which Tf
levels were much higher. It must also be remembered that

although PDE did aliow growth of 5. epidermidis, it was

still considerably less than that observed in the RPMI

control. Hence, although PDE was significantly less
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bacteriostatic than control peritoneal fluid or sera, it
was by no means an ideal culture medium for bacteria.
Also, even when extra Tf was added to control sera, some

growth of S.epldermidis still occured, which suggests that

other factors (possibly nutritional or immunological) in
addition to inadequate Tf levels may determine the
bacteriostatic activity of PDE.

Although no correlation was found between
bacteriostatic activity of individual PDE samples and
susceptibility to peritonitis, the greater growth of
bacteria in PDE in c¢comparison with sera or normal
peritoneal fluid may in part be responsible for the
predisposition to peritonitis. It has been suggested that
the entry of iron into PDE as a result of haemolysis would
further reduce the antimicrobial activity of PDE
(Bloodworth and Harber, 1986).

Levels of I1gG and C3 in PDE were found to correlate
with opsonic activity, in agreement with the findings of
Lamperi and Carozzi (1988b), Steen et al (1986), and
Verbrugh et al, (1883). No such correlation was found in
normal peritoneal fluid which suggests that the level of
opsonins are sub-optimal in PDE. The ability of FDE to

efficiently opsonise S.epidermidis is believed to depend

primarily on the antibody or heat stable components of PDE
rather than the complement or heat labile ones. This was
gshown by Keane and Petersog (1984) when they opsonised
bacteria . S : with decomplemented NHS (heat

inactivated) and showed that phagocytosis of S.epidermidis

was still efficient. However when the opsonic source was

IgG-deficient serum which contained normal levels of
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complement, phagocytosis of S.epidermidis by peritoneal

macrophages was relatively inefficient. Escherichia coli

and S.aureus, on the other hand, require to be opsonised by

heat-labile components, i.e. complement, for effective

phagocytosis (Keane and Peterson, 1984; Peterson et
al,1877). Without complement, phagocytosis aof these
organisms was found to be minimal. These reports also show

that phagocytosis of S.epidermidis proceeds predominantily

through an Fc receptor mechanism, while that of E. coli and
S. aureus occurs predominantly via C3b receptors. In the
present work the opsonising activity of PDE was also found
to be less than that of normal peritoneal fluid, showing
that the levels of opsonins are indeed suboptimal in PDE.
This may severely inhibit optimal phagocytic activity as it
is well known that opgonins are required for efficient
ingestion of micro-organisms by phagocytes (Johnston and
Stroud, 1977; Stossel, 1974; Winkelstein,1973).

An additional effect of a quantitative deficiency of
complement could be possible interference with the
recruitment of cells into the peritoneum in the immune
response, due to lack of chemoattractants C3a and CSa.
Inadequate antibody levels may produce the same effects, as
in agammaglobulinaemia depressed production of chemotactic
activity was noted by Steerman et al, (1971) due possibly to
insufficient immune-complexes being formed to stimulate C3a
and CSa production by the classical pathway of complement
activation.

Recent work by Verbrugh et al (1986), suggests that
complement, even when present, may not be functionally

active. Inactivation of complement by CAFD solutions was
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demonstrated to be largely due to the low pH of these
solutions. This may mean that although complement was
detected here in the PDE of patients it may be functionally
inactive. Hence it is possible that both qualitative and
quantitative defects may exist which may severely hamper
the defences of the peritoneum.

When opsonic activity of PDE samples were compared
with the frequency of episodes of peritonitis a significant
inverse correlation was found, in agreement with the
findings of Lamperi and Carozzi (1986b) and Steen et al
(1986). This finding may allow possible early
identification of patients at high risk. Such a correlation
was not seen hbhetween the levels of IgG or C3 and
peritonitis despite the fact that the concentration of
these proteins correlated with opsonic activity. Here the

specificity of the [Igé for 8. epidermidis, rather than just

the level ot igG, may be important. Also, ags far as

S.epidermidis is concerned, complement is not thought to be

as important as IgG in 1its opsonisation (Keane and
Peterson, 1884). in any case, the causes of peritonitis are
undoubtedly multifactorial, and the inability to obtain a
significant correlation between peritonitis rates and any
single parameter is not unexpected. inadequate fibronectin
secretion by CAPD peritoneal macrophages has, for instance,
been suggested by Polin and Douglas (1884), to play a part
in the increased peritonitis rate seen in some CAPD
patients. This may be related to the ability of fibronectin
to act as an opsonin, thereby enhancing the attachmgnt and
phagocytosis of micro-organisms. The addition of purified

l1gG to FPDE has been proposed as a method of enhancing the
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host’s immune defences against peritonitis (Keane and
Peterson, 1984) and there 1is some <clinical evidence in
favour of this (Lamperi and Carozzi, 1986b). In econeclusion,
it therefore appears that the normal humoral defence
mechanisms of the peritoneum are weakened in patients on
CAPD when compared with those of normal controls, and this
may be one of the causes of the susceptibility of these

patients to peritonitis.
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CHAPTER 6
A LONGITUDINAL S8TUDY OF PERITONEAL DEFENCE MECHANISMS OF
PATIENTS ON CAPD
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.1 INTROPUCTION

All the work presented in this thesis up to
this point has been related to CAPD patients as a whole,
and the results obtained compared directly with samples
obtained from normal controls. On no occasion was any
systematic attempt made to examine what changes in
peritoneal immunity may occur the first few months on CAPD.

This area has also been neglected by other workers as
there appears to be no data currently avalilable giving =a
complete overview of changes that may occur in the first
few months to the peritoneal defences of pétients on CAPD.
Young et al (1986) did examine changes in protein levels in
CAPD patients’ plasma as dialysis proceeded (but not in
the -PDE itself) and found a decrease in plasma 1gG during
the early months on CAPD. However, this gives no
indication as to the situation in the peritoneum over the
same initial period. Steen et al (1986), on the other hand,
did examine [IgG and C3 levels and the opsonising capacity
of PDE and found no correlation with time on CAPD. However,
their study was not performed with new patients followed
through for a period of time, but with a random selection
of patients who had been on CAPD for times varying between
1 and 37 months. No emphasis was therefore placed on
examining the possibly important changes during the initial
few months. In view of this, and in order to provide more
information about the immune status of these uraemic
patients this chapter reports the results of a study on 16

patients who were monitored for a 9 month period from the
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day of commencement of peritoneal dialysis. During this
time periodic samples of PDE were anaiysed for levels and
activity of lgG, €3 and T¢f, and for the number and

antimicrobial activity of the peritoneal cells.
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6.2 MATERIALS AND METHODS

All the materials and methods used in this
chapter have been described previously. The levels of 1ggG,
C3 and Tf in the PDE were measured as In 65.3.4. The
percentage opsonising activity and percentage growth of

S.epidermidis in the PDE were measured as in sections 5.3.1

and'5.3.2 respectively. Finally the bactericidal activity
of the peritoneal cells from the PDE was assayed by the

technique whose development was described in chapter 3.

Q.2 PATIENT DETAILS

Sixteen patients commencing CAFD were
monitored for up to 9 months. Details of these patients

are shown in Table 27.
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TABLE 27

: Details of Patients whos

e Cells

and Serum

Protein Levels and Activities in PDE were Monitored in a 8

Month Longitudinal

Study.

PATIENTS? SEX

AGE
(YEARS)

ORIGINAL
DIAGNDSIS

NUMBER OF
MONTHS ON
STUDY

REASON FOR
ABANDONING
CAPD

INITIALS

*C,Ba Male
A.Bl Male
W.Co Mate
J.Ha quale
R.Ha Male
C.He Female
R.Ho Female
R.Lo Male

H.McC Female

W.Mcl Male

A.McL Male

S.McL Female

J.MecN Male
J.Ra Male
M.Wh Female
J.Sh Male

53

75

47

68

46

56

51

48

54

74

46

Glomerulonephritis
Glomerulonephritis
Hypertension
Polycystic Kidneys
Hypertension
Diabetic Nephropathy
Renal artery thrombo
Pyelonephritis
Reflux Nephropathy
Hypertension
Glomerulonephritis
Hypertension
Diabetic Nephropathy
Glomerulonephritis
Hypertension

Glomerulonephritis

sis 1

Moved to Edinburgh
Catheter removed

PDied

Died
Catheter removed
N.A.
Transplanted
Catheter removed
Died

Transplanted

¥ all patients were on the Trévenol Disconnect System

+ N.A. = not applicable
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8.4 RESVLTE

Although 1t was originally intended to monitor
all 16 patients for 9 months, only 6 of these remained
continuously on CAPD for the duration of the study. The
other patients ceased CAPD for a number of reasons (Table
273 . It was therefore not thought appropriate to look at
the individual results from each patient but iIinstead +to
examine the overall differences between PFPDE samples

obtained on day 1 and at 2,4,6,and 8 months, on CAFD.

6.4.1. 1gG and C3 Levels

When [gG and C3 levels in the PDE of CAPD patients
were measured over the 8 months on dialysis thelir
concentration was found to significantly decrease with time
on CAPD (Figure 34a and 34b; p<0.05). The drop in the
concentration of these proteins was particularly noticeable
up to 4 months on dialysis after which time they appeared
to level out. Tf levels also showed a tendency to decrease
from the starting level but this was not significant

(Flgure 34c).

6.4.2. Opsonic Activity

Since it has already been shown that opsonic activity
is directly related to the levels of IgG and €3 (5.4.2) a
corresponding decrease in the opsonic activity would be

expected and this was indeed found (Figure 34d; pr.OZ).
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6.4.3. Bacteriostatic Activity

The bacteriostatic activity of the PDE, as measured by

the growth of S.epidermidis in the fluid, was shown to

increase gignificantly with time on CAFD (Figure 34e;
p<C.05). The increase in growth was particularly large over
the first 6 months on CAPD and, like the I1gG and C3 graphs,
tended to level off thereafter. lt also corresponded with

the tendency of Tf levels to fall (Figure 34c).

6.4.4. Total Cell Numbers in PDE

The total number of cells isclated from the PDE of
CAPD patients over © months decreased significantly (Figure
34f; p<0.05)r., This reduction was greatest in the first 4

months after which the cell numbers tended to stabilise.

6.4.5. Antimicrobial Activity of the Peritoneal Cells

The ability of the CAPD peritoneal cells from these

CAPD patients to ingest S.epidermidis did not decrease

gignificantly with time on CAPD (Figure 34g). However a
small but significant decrease in intracellular killing

ability was observed over the same 2 month period (Figure

34n; p<0.01).

185




FIGURE 34 : Change With Time on CAPD of:

Levels of-
(a) I[gG in PDE
(b)Y C3 in FDE
(c) Transferrin in PDE
(d) Opsonising Capacity ot PDE
(@) Bacteriostatic Activity of PDE

(£) Number of cells in PDE

(g) Ingestion of S.epidermidis

(h) Intracellular killing of S.epidermidis

(Figures are on Pages 187-130)
e shows individual results ifrom patients
o shows the mean

mﬁ%shows two standard deviations about the mean
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(c)

(d)

Qpson ic Activity:

Percentage of

S.epidermidis ingested

when opsonised with PDE
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Growth Index

1001 P<0.05

(#)
Growth 1Index = growth of
S.epidermldls as a
percentage of growth in
uninhibited control (RPMI
1640 culture medium)
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8.2 RISCUSSION

The decreage in the levels of I1gG and C3 1in
PDE and the corresponding decrease in related opsonic
activity with length of time on CAPD suggests that the CAFD
process reduces the immunity of the peritoneal cavity 1in
patients that are believed to be already I1mmunosuppressed
Ey the uraemic state (Mezzano et al,1884; Funck-Brentana
et al,1875; Touraine et al,1875). Reduction in the opsonic
capacity of PDE will! hinder the defences of the peritoneum
in particular that of elimination of pathogens by
phagocytes. Changes in the permeablility of the peritoneal
membrane, discussed previously in Chapter 5, may Dbe
responsible for the tendency for the levels of 1gG and <C3
in patients’ PDE to level off after 4-6 months on CAPD. By
this stage the peritoneal membrane may be altered by the
CAPD process so that its permeability becomes the major
factor in determining the guantity of serum proteins that
gain entry (Krediet et al,1886; Dulaney and Hatch, 1984).
The decreasing bacteriostatic activity of PDE with
time on CAPD adds further emphasis to the finding 1In
Chapter 5 that CAPD fluid was significantly less
bacteriostatic than normal peritoneal fluid. The tendency
for Tf levels to decrease also impllies that the growth of
bacteria in the fluid may depend, at least to some extent,
on Tf levels. However, the decrease in Tf levels did not
reach statistical significance, possibly because Tf, being

a smaller molecule than IgG or C3, may be less affected by

any decrease in permeability of the peritoneal membrane.
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When the activity of the cells was examined over the 9
month period, no significant change was found in their

ability to ingest S.epidermidis. In contrast, there was a

significant decrease in intracellular killing of

S.epidermidis over the same time period. These . findings

are supported by the previous evidence in Chapter 4
showing that peritoneal cells from patients on CAPD had =
significantiy lower intracellular killing capacity than
thoée from normal controls, whereas there was no difference

in their ability to ingest S.epidermidis. It therefore

appears that not only is the activity of the peritoneal
cells reduced in CAPD patients, but the total number of
cells isolated over the 9 months from the PDE significantly
declines. This again agrees with the finding in Chapter 2
of a correlation between the number of cells isolated from
different CAPD patients and the length of time they had
been on CAPD (2.5.4) and may also be due to thickening of
the peritoneal membrane.

Overall it seems that after the initial few months
when the concentration and activity of the serum proteins
in the PDE level off, no correlation wouid be found between
the levels of these proteins and length of time on CAPD.
The fallure by Steen‘gi al (1886), to find a significant
correlation, after 9 months, betwsen protein levels in PDE
and time on CAPD is thus in agreement with the results
reported here.

It was originally 1intended that the parameters
examined above should be related to the incidence of
peritonitis in each patient. However due to the Ilow

frequency of peritonitis in the patients examined here, and
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the fact that only & patients were monitored for the full &
months, it was not possible to relate the above findings to
susceptibility to infection.

The gradual decrease in the immune defences of the
peritoneum shown here in the initial few months after
commencement of dialysis may mean that patients are less
able to protect the peritoneum from infections after 6-9
months than they were at the start of CAPD. The c¢clinical
implications of such a decrease are provided by the
findings of Smith et al (1886) and Young et al (1886), both
of whom found that the incidence of peritonitis increased
with time on CAPD, suggesting that a reduction in cellular
and serum proteins levels and activities does indeed have a
detrimental effect on the overall peritoneal defences of
patients on CAPD. However, in addition teo this Young et al
(1986) also found a corresponding improvement in CMI during

CAFD which was obviously not reflected by a reduction in

the incidence of peritonitis. This suggests that CMI may

therefore be of little importance in the long term in
protecting the peritoneum from bacterial infection, which
probably depends 1instead on humoral and phagocytic

mechanisms. 1t 1is possible that although initially CMI
responses to DNCB, for example, are indicative of the
immune status of patients commencing CAFD (Tsakiris
t al,1986) it may bear little relevence to patients

established on CAPD.
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CHAPTER 7

GENERAL DISCUSSION
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GENERAL DISCUSSION

Although CAFD has been extensively used since
1978 little information has been available regarding the
immune gtatus of the peritoneum in these uraemic patients,
and exactly how the technique may affect its defences. In
addition 1t must be remembered that these patients are
already believed to be immunosuppressed, so that sany
further reduction iIn the iImmune defences of dilalysis
patients may have far reaching effects, which in normal
individuals would not be significant.

The +two most important arms of the defence system of
the peritoneum are the peritoneal cells and serum proteins
and it was these factors that were examined in this thesis.

Overall a weakening of the defences of the peritoneum
was found, probably &as a consequence of the dialysis
regime. In particular the CAPD peritoneal cells were found
to be defective in their ability teo cope with intracellular
killing of bacteria.

The immaturity of the cells, +thought to be the cause
of this reduced activity, may also affect the antigen
presenting function of macrophages, a suggestion supported
by the reduced expression of HLA-DR antigen by peritonesal
macrophages and this may hamper initiation of specific
immune responses. Ancther factor related to the activity
of these peritoneal cells was their capacity to release
H,0, which again was found to be deficient in patients on
CAPD. The activity of these peritoneal cells therefore
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appears to be sub-normal in several different ways, each of
which could affect the immune status of these patients.
However, ‘the studies of H202 production and HLA-DR
expression suggested that patients commencing CAFD may have
an initial inflammatory reaction perhaps due to the
implantation of the catheter which causes a temporary
increase in macrophage activity.

The reduced levels of lgG, C3 and related opsonic
activity in the PDE will further decrease the efficiency of
the peritoneal phagocytic cells as opsonisation is
essential for effective elimination of most pathogens. The
simiiar reduction in Tf levels and in the corresponding
bacteriostatic effect may impair the restriction of growth
of bacteria in the peritoneum on initial infection,
therefore allowing inadequatei time for the cellular
defences to be activated. The thickening of the peritoneal
membrane which may be responsible for the reduction in the
levels otf the above proteins is probably an 1inevitable
consequence of instilling 2 litres of an unphysiological
electrolyte solution continuousiy into an environment which
normally contains very little fluid.

When the activities and levels of the c¢cells and
proteins in PDE were related to the frequency of
peritonitis a significant correlation was not found in
every case, in spite of finding that most individual
parameters indicated reduced activity compared with normal
controls. This, however, may be due to the fact that the
susceptibility to peritonitis of patients on CAPD {is not

related solely to a deficiency in one arm of the immune

response, but is multifactorial. Individually, therefore,
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a particular defect may have no effect on the overall
peritonitis rate, but collectively they could be clinically
significant.

Since CAPD was first introduced there have been vast

improvements in reducing the possible sources of
contamination when using the technique. Within the last
three years, the introduction of the Travenol non

Digconnect system Iin the Western Infirmary has greatly
reduced the incidence of peritonitis (J.D. Briggs personal
communication). More recently still, the Travenol "Y" set
has been brought out which may reduce even further the
likelihood of iInfection. The prevention of infection in
the first place by good sterile technique 1s obviously of
prime importance in controlling the peritonitis rate. All

these improvements are essential as it is important +to

reduce the chances of exposing these patients with
suboptimal defences to pathogens which to normal
individuals would present no risk. In any one individual
therefore, the two factors of sterile technigue and
peritoneal immune defences will determine the infection
rate.

Many areas of research In this field still need to be
examined, including the actual antigen presenting function
of the peritoneal macrophages. Measurement of the
expression of HLA-DR on patients’ blood monocytes may
determine whether they are analogous to the peritoneal
cells or normal bloocd monocytes. It woﬁld also be of
interest to measure levels of gpecific antibodies to
certain bacteria as well as total 1gG levels, as this might

be more closely related to the peritonitis rate. In
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addition serum levels of specific antibodiesAmay provide
more information as to the immune competence of patients.
The levels of these specific antibodies might correspond
more closely to levels in PDE than was found when total 1gG
levels were examined. Levels of IgA in PDE could also be

which
measured as serum [gA, , unlike secretory IgA can act as an

opsonin (M. Kerr perso;al communication) and may also be
relevant to the defences of the peritoneum.

Although the results reported in this thesis may have
nc immediate clinical implications they have given a more
detailed picture " of the immune defences within the
peritoneum of CAPD patients than was previously availéble.
Possiblé direct improvements in the future might involve
the addition of human Tf to the dialysate. Addition of
lgG has already been foupd by Lamperi and Carozzi (1986b>
to have beneficial effects. It is also possible that
leaving the peritoneum empty overnight may give time for
the peritoneum membrane to recover and allow it to "rest".

Although rigid adherence to strict aseptic technique
is essential in preventing peritonitis, other factors play
a part such as those relating to the reliability of
connectors and lines, and other less well defined factors
guch as the guality of patient training, medical and
nursing competence and experience. As mentioned before,
the introduction of the disconnect system has greatly
reduced the frequency of peritonitis but even this has not
totally eradicated the incidence of peritonitis. The risk
of developing peritonitis therefore rests on &a delicate
balance between colonisation of micro-organisms within the

CAPD system, the dose of bacteria invading the peritoneal
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cavity and the local peritoneal host defence mechanisms at
the time of the.inéult. Improvements in catheter ' design,
especially the use of material resistant to colonisation
could be pérticularly important . in "controlling

S. epidermidis infections. Stimulation of local host

defence, possibly through the introduction of a vaccine
i

might further reduce the incidence of peritonitis to more

acceptable levels. Total eradication of peritonitis may

not be a realistic goal and should not be a condition for

continued use of CAPD.

’ Another major broblem of CAPD which must be faced is
the possible loss of ultrafiltration capacity and
development of sclerosing encapsulating peritonitis, both

of which are worrying complications of long term wuse of
CAPD. The technique has only been extensively used for
about 10 years, and it is not yet known what the long term
effects of such a regime might be. Glucose, which is used
in the dialysis flui& as an osmotic agent is not ideal as
it is belleved to cause loss of ultratfiltration,
hyperlipidaemia and obesity in addition +to & possible
deleterious effect on the membrane. A sulitable alternative
has not yet been found.

In spite of these problems it must be remembered that
CAPD has vastly increased the availability of dialysis to
groups which otherwise might not have been given the
opportunity; it has overcome the shortage of haemodialysis
machines and offers a patient a more flexible approach to
dialysis. But the results presented in this thesis
emphasise the need for clinicians to consider the

peritoneum of the CAPD patients as an immunocompromised site.
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