l * I National Library Bibliotheque nationale
of Canada du Canada

Acquisitions and Direction des acquisitions et
Bibliographic Services Branch  des services bibliographiques

395 Wellington Street 395, rue Wellington
Ottawa, Ontario Ottawa (Ontario)

K1A ON4 K1A ON4

NOTICE

J
The quality of this microform is

heavily dependent upon the
quality of the original thesis
submitted for  microfilming.
Every effort has been made to
ensure the highest quality of
reproduction possible.

If pages are missing, contact the
university which granted the
degree.

Some pages may have indistinct
print especially if the original
pages were typed with a poor
typewriter ribbon or if the
university sent us an inferior
photocopy.

Reproduction in full or in part of
this microform is governed by
the Canadian Copyright Act,
R.S.C. 1970, c¢.. C-30, and
subsequent amendments.

Canada

Your hie  Volre idlorence

Our tin  Nolre teforence

AVIS

La qualité de cette microforme
dépend grandement de la qualité
de la thése soumise au
microfiimage. Nous avons tout
fait pour assurer une qualité
supérieure de reproduction.

S'il manque des pages, veuillez
communiquer avec l'université
qui a conféré le grade.

La qualit¢é dimpression de
certaines pages peut laisser a
désirer, surtout si les pages
originales ont été
dactylographiées a l'aide d'un
ruban usé ou si l'université nous
a fait parvenir une photocopie de
qualité inférieure.

_ La reproduction, méme partielle,

de cette microforme est soumise
a la Loi canadienne sur le droit
d’auteur, SRC 1970, c. C-30, et
ses amendements subséquents.



UNIVERSITY OF ALBERTA

DYSREGULATION OF TUMOUR NECROSIS FACTOR IN THE BB RAT
MODEL OF HUMAN INSULIN-DEPENDENT DIABETES MELLITUS

©

by

PETER H. LAPCHAK

A thesis submitted to the Faculty of Graduate Studies and Research in partial
fulfilment of the requirements for the degree of DOCTOR OF PHILOSOPHY

in the

DEPARTMENT OF MEDICAL SCIENCES (MEDICINE)

EDMONTON, ALBERTA

FALL, 1994



National Lib
Bl S

Acquisitions and

Bibliothéque nationale
du Canada

Direction des acquisitions el

Bibliographic Services Branch  des services bibliographiques

395 Wellington Street
Ottawa, Ontano
K1A ON4 K1A ON4

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell copies of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

395. rue Wellington
Ottawa (Ontarno)

Yout ble Volie e enee

Our e Nolres 1dference

L’auteur a accordé une licence
irrévocable et non exclusive
permettant a la Bibliotheque
nationale du Canada de
aproduire, préter, distribuer ou
endre des copies de sa thése
de quelque maniére et sous
quelque forme que ce soit pour
mettre des exemplaires de cette
théese a la disposition des
personnes intéressées.

L’auteur conserve la propriété du
droit d’auteur qui protége sa
thése. Ni la thése ni des extraits
substanticls de celle-<ci ne
doivent étre imprimés ou
autrement reproduits sans son
autorisation.

ISBN 0-315-95215-6

Canada



UNIVERSITY OF ALBERTA
RELEASE FORM

NAME OF AUTHOR: PETER H. LAPCHAK

TITLE OF THESIS: DYSREGULATION OF TUMOUR NECROSIS FACTOR IN THE BB
RAT MODEL OF HUMAN INSULIN-DEPENDENT DIABETES

MELLITUS
DEGREE: DOCTOR OF PHILOSOPHY
YEAR THIS DEGREE GRANTED: 1994

Permission is hereby granted to the University of Alberta Library to reproduce single
copies of this thesis and to lend or sell such copies for private, scholarly or scientific

research purposes only.

The author reserves all other publication and other rights in association with the copyright
in the thesis, and except as hereinbefore provided neither the thesis nor any substantial
portion thereof may be printed or otherwise reproduced in any material form whatever

without the author's prior writlen permission.

Tl !
%f{/ / ( Yy 4; /é
~ Peter H. apehak

573 14 th Avenue

LaSalle, Quebec
Canada, H8P 2R7

DATE: September 9, 1994



THE GENTLE GIANTS

There are the gentle giants
Who walk softly through our lives.

No shrill demand for early recognition
Commiands our attentive admiration.

No blinding glare of brilliance
Announces their presence amongst us.

They are the quietly courageous ones
Who plant for future generations.

They are the creators and searchers
Who teach and celebrate the truth.

.. . taken from Current Contents, circa
1984, author unknown.



UNIVERSITY OF ALBERTA
FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned certify that they have read, and recommended to the Faculty of Graduate
Studies and Research for acceptance, a thesis entitled DYSREGULATION OF TUMOUR
NECROSIS FACTOR IN THE BB RAT MODEL OF HUMAN INSULIN-DEPENDENT
DIABETES MELLITUS submitted by PETER H. LAPCHAK in partial fulfilment of the
requirements for the degree of DOCTOR OF PHILOSOPHY in MEDICAL SCIENCES

(MEDICINE).

%Zé:wx;t

Dr. A. Rabinovitch, Supervisor

g b v et @ Q&&j’?

Dr. 8. Singh S Dr.{JjE! Elidtt

ol e
Dr. M. Belosevuc/

DATE: August 31, 1994




To Janet, for giving me strength, support and unconditional love; and ...

To my parents, for their love, support, and encouragement from across the miles.



ABSTRACT

Tumour necrosis factor-alpha (TNF-«) is implicated as a mediator of autoimmune diabetes
although TNF-a or complete Freund's adjuvant (CFA) treatment prevents diabetes in
diabetes-prone (DP) BB rats. Protection by CFA or TNF-a may increase TNF to the
necessary threshold levels suggesting that a deficiency in TNF-a may predispose BBrats
to develop diabetes. These hypotheses were tested in experiments where TNF levels were
measured in lymphoid cells populations from untreated and CFA-treated DP rats and in
experiments which further characterized the nature of this deficiency.

Tumour necrosis factor levels by DP rat peritoneal cells and thymocytes are deficient after
stimulation in vivo or in vitro compared to DR and old non-diabetic DP rats. After treatment
with CFA, peritoneal celi TNF levels were Increased. In contrast, DP rat spleen cell TNF
levels are increased and were reduced after CFA treatment as were DP rat serum TNF
levels. DP rat serum corticosterone levels were decreased compared to DR rats. One
mechanism by which CFA may prevent diabetes is to Increase peritoneal cell, and
decrease spleen cell and serum TNF levels. Long-term administration of a polyclonal
antisera to TNF reversed CFA-mediated protection against diabetes in DP rats.

Deficient or dysregulated TNF levels by DP rat peritoneal celis suggests deficiencies or
defects in lipopolysaccharide (LPS) and CD14 receptor expression. No deficiency in
expression of either receptor was observed. Other mechanisms of macrophage TNF
production were evaluated to determine whether defects were present in other receptors
or signal transduction pathways. Tumour necrosis factor production was deficient in
response to interleukin-2 (IL-2), IFN-y, and LPS, and in response to protein kinases and/or
Ca?* agonists suggesting that defects in TNF release may lie distal to defects in signal
transduction pathways. Alternatively, TNF production may be suppressed. TNF levels were
decreased and prostaglandin E, (PGE,) levels were increased from DP rat peritoneal cells.
In contrast, TNF levels were increased from DP rat peritoneal cells cultured with a
prostaglandin inhibitor, indomethacin, and PGE, levels were decreased, similar to CFA-
treated DP rats. In conclusion, TNF production by DP rat lymphoid cells is dysregulated
and is corrected after CFA treatment. Administration of anti-TNF anti-sera reverses this
correction. Over-production of, or hypersensitivity to PGE,, by DP rat peritoneal cells may
resultin suppression of TNF production. Complete Freund’s adjuvant may protect against
diabetes by increasing peritoneal cell TNF and decreasing PGE,.



RESUME

Le facteur de nécrose des alpha (TNF-a) est un médiateur des diabétes auto-immuns,
bien que la thérapie par le TNF-a ou l'adjuvant complet de Freund (CFA) empéche le
développement du diabete chez des rats BB quiy sont prédisposés. L'effet protecteur du
TNF-a ou du CFA doit étre médié par une élévation du taux de TNF-« au-dela du seuil
limite, ce qui suggere qu'un déficit en TNF-a prédisposerait des rats BB a développer un
diabdte. Cette hypothese a été testée a l'aide d'expériences ou le taux TNF-a a éte
mesuré dans des cellules lymphoides extraites de rats sujets au diabete traités ou non par
le CFA D'autres expériences ont ete effectuées pour caractériser plus en détail la nature
de la carence.

Le taux de TNF-a dans les thymocytes et les cellules du péritoine de rats sujets au
diab¥te est faible apres stimulation in vivo ou in vitro, si 'on compare avec celui des
méme cellules extraites de rats DR ou de rats sujets au diab&te mais ne l'ayant pas
développé depuis longtemps. Le taux de TNF-« dans les cellules du péritoine est accru
par la thérapie au CFA. Au contraire, le taux de TNF-a dans les celiules de rate et dans
le sérum des rats sujets au diabete est augmenté apres stimulatior: et diminué par la
thérapie au CFA. Le taux de corticostérone dans le sérum des rats sujets au diabete est
plus faible que pour le rats DR. Un des mécanismes par lequel le CFA empécherait le
développement du diabete serait d'augmenter le taux de TNF-a« dams les cellules du
péritoine et de le diminuer dans les cellules de rate et le sérum. L'administration continue
d’anticorps anti-TNF empéche l'effet protecteur du CFA chez les rats sujets au diabgte.

Le carence en TNF-a dms les cellules de péritoine de rats sujets au diabete suggere que
I'expression des récepteurs du lipopolysaccharide (LPS) ou du CD14 serait affectée.
Aucune différence dans l'expression de ces recepteurs n'a été observée. D'autres
mécanismes de production du TNF-a par les macrophage sont été étudiés pour
déterminer si d'autres récepteurs ou les voies de transduction des signaux ne seraient
pas affecteés. La production de TNF-a est déficiente en réponse a l'interleukine 2 (IL-2),
linterferon gamma (I'IFN-y), le LPS, les proteines kinases et/ou les agonistes du Ca?*, ce
qui suggere que la carence en TNF-a serait dile a une déficience localisée en aval des
voies de transduction des signaux. Eventuellement, la production de TNF-a peut étre
abolie. Le taux de TNF-a est diminué et le taux de prostaglandine E, (PGE;) augmenté
dans les cellules du péritoine de rats sujets au diabgte. Au contraire, le taux de TNF-a est
augmenté dans les cellules de péritoine de rats sujets au diabete quand elles sont
cultivées en présence d'un inhibiteur de la prostaglandine, lindométhacine, alors que le
taux de PGE, est diminué, comme pour les rats sujets au diabéte traités par le CFA. En
conclusion, la production de TNF-« par les cellules lymphoides de rats sujets au diabgte
est dérégulée, et ceci peut étre réparé par la thérapie au CFA. L'administration continue
d'anticorps anti-TNF supprime I'effet correcteur du CFA. La surproduction de PGE, ouune
hypersensibilité au PGE, par les cellules de péritoine de rats sujets au diabete pourrait
provoquer l'arrét de la production de TNF-a. L'adjuvant complet de Freund protegerait
contre le diabéte en augmentant le taux de TNF-a des cellules du péritoine et en
diminuant le taux de PGE,.
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CHAPTER 1
INTRODUCTION

THE BB RAT: ORIGINS, HISTORY AND CLINICAL FEATURES

The Biobreeding (BB) rat was first developed at the Biobreeding Laboratories in Ottawa
in 1974 from the outbred Wistar rat as an animal model to study human spontaneous
juvenile-onset insulin-dependent diabetes mellitus (IDDM) (1, 2). Insulin-dependent
diabetes mellitus in the BB rat shares many similarities of human IDDM including early age
of onset (60-120 day of age), hypoinsulinemia, hyperglycaemia, ketoacidosis, weight loss,
polyuria, polydipsia, glycosuria, and requirement for insulin therapy. The key clinical
feature of IDDM is the presence of a lymphocytic infiltration around and within the islets
of Langerhan and the resulting loss of insulin-producing beta (g)-cells (3-5).

PATHOLOGY: THE DIABETIC PANCREAS

During the development of acute IDDM in the BB rat, the islets of Langerhan undergo
morphological changes characterized by a mononuclear-lymphocytic infitrate composed
predominantly of MHC Class II* (activated) helper T (T,) lymphocytes, and to a lesser
extent, cytotoxic/suppressor T (T,.) lymphocytes, B lymphocytes, macrophages, plasma
cells, polymorphonuclear cells, and eosinophils (5-9). Islet § cells injured by these immune
cells appear degranulated due to a marked reduction of pancreatic insulin (5). Initially, not
all islets are involved and inflammatory lesions appear not only in the islets but also in
periductal regions and within acinar tissue (10). During the latter stages of disease, islets
appear small, are reduced in number, and are composed mostly of alpha («)-cells with
few, or no B-cells (5). There is also an apparent decrease in both «- and delta (4)-cell
numbers (11). Beta cell loss is specific and is associated with a predominant T
lymphocytic infiltrate with losses of «- and A-cells occurring possibly as bystanders
indicating that p-cell destruction is a T lymphocyte-mediated autoimmune disease.

GENETICS AND THE MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) ASSOCIATION
WITH DIABETES IN BB RATS

THE RAT MHC: The MHC is a multigene family encoding cell surface glycoproteins
involved in the discrimination of selt and non-self. Class | MHC antigens are present on
all nucleated cells, including red blood cells in rodents, while Class Il MHC antigen
expression is restricted to B and T lymphocytes, monocytes, macrophages, dendritic cells,
and thymic cortical epitielium (12). The rat MHC, called AT7, is composed of Class | loci
(AT1.A, AT1.E and AT1.C) and Class Il loci (RT1.B, AT1.D, and AT1.H) (12, 13). AT1.B,
RT1.D and AT1.H are analogous to the mouse H-2A and E subregions, and human HLA-
DQ, DR and DP regions respectively (12).

BREEDING STUDIES: BB rats from the Ottawa colony are homologous for the u/u
haplotype at AT1.A and AT1.B loci as determined by mixed lymphocyte culture (MLC)
reactions from F, progeny of BB rats crossed with Wistar Furth (AT71.“4), ACI (AT1.4%) and
LEWIS (AT1.9 rats (3). Interstrain breeding studies suggest three components are
necessary for diabetes development: the u haplotype or a gene closely linked with the
gene encoding the u haplotype, a susceptibility for pancreatic lymphocytic infiltration and
a susceptibility to lymphopenia (14, 15). Diabetes occurs in interstrain crosses with any
Class Il MHC u haplotype regardless of the Class | MHC haplotype indicating that only the
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Class Il MHC u haplotype is necessary for diabetes development (15-18). These results
suggest that Class |l v haplotype gene products may confer susceptibility to diabetes.

F, progeny from sibling F, crosses, but not F, progeny from diabetes-resistant (DR) X
diabetes-prone (DP) F, crosses develop diabetes with a pathology similar to DP rats (19).
These results suggest that diabetes and insulitis are transmitted together in a recessive
manner and that lymphopenia co-segregates nearly completely with diabetes and insulitis
(19). Inheritance of lymphopenia occurs through segregation of a recessively-acting locus,
Lyp, and the inheritance of diabetes results from the segregation of Iddm1, Iddm2, and
Iddm3 loci (20). Rats that are lymphopenic, and are AT7 at Class Il MHC loci on a non-
RT1* background, do not become diabetic supporting the idea that at least three genes
are necessary for diabetes development (21). More recently, the rat tumour necrosis factor
alpha (TNF-«) locus was mapped to the MHC suggesting that genes within the TNF-a
locus may also contribute to diabetes and insulitis (22).

MOLECULAR ANALYSIS OF MHC GENE POLYMORPHISMS IN BB RATS: Polymorphisms
in BB rat Class Il MHC genes are thought to associate with diabetes susceptibility.
Restriction fragment length polymorphism (RFLP) analysis of BB and BB-derived rats, and
WF rats revealed no polymorphisms in the these genes (23-25). This was confirmed by
one- and two-dimensional electrophoresis of Class Il MHC proteins (26). No AT1.B and
RT1.D p-chain sequence differences exist in DP- and DR-BB, and WF rats (27, 28). Class
Il MHC genes and their products, while not polymorphic, in combination with other factors
may be sufficient to confer susceptibility to, and development of diabetes in the BB rat.

AUTOANTIBODIES IN THE BB RAT

In BB rats, numerous autoantibodies appear early and react with islet cell surface
antigens, spleen and blood lymphocytes, gastric parietal cells, skeletal and smooth
muscle, nuclear protein, thyroid colloid, and insulin suggesting that they may participate
in the diabetic process (29-32). Islet cell surface antibodies are found in both low- and
high-incidence BB rats even in the absence of insulitis or diabetes development (33).
Antibodies to islet cell and CD4* and CD8* lymphocyte surface antigens generally
precede the development of insulitis and diabetes in the BB rat (34, 35). The presence of
these autoantibodies may contribute to the diabetic process in BB rats and also suggests
that humoral immune defects may exist.

A 64 kDa protein could be precipitated from BB/Hagedorn and high-incidence BB rat sera,
and from rat islet cell and insulinoma cell proteins (36). Additionally, KT1, a monoclonal
antibody derived from BB rat spleen cell fusions was found to be cytotoxic to both islet
cells and RINmSF cells, and reacted with a 68 kDa protein found on RINm5F cells (37).
More recently, 65 and 67 kDa proteins have been associated more directly with diabetes
in human, non-obese diabetic (NOD) mice and BB rats. These proteins were identified as
two forms of glutamic acid decarboxylase (GAD) that are expressed on p-cells (38) and
are perceived as an autoantigen. These two proteins identified by BB rat sera and the
monoclonal antibody KT1, may be the different GAD isoforms.

LYMPHOCYTE POPULATIONS AND FUNCTION IN THE BB RAT

LYMPHOPENIA: A severe lymphopenia in the BB rat appears to co-segregate with MHC
gene(s), and is present in peripheral blood, lymph node, spleen and thymus affecting T
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lymphocytes mostly, but also B lymphocytes (15, 39, 40). Lymphopenia is characterized
by a decrease in the overall numbers of lymphocytes, with a reduction of T cell receptor
alpha chain and beta chain positive (TcRa/B)* W3/25* T, lymphocytes and absence of
TcRa/p* OX-8* T,, lymphocytes, and increases in natural killer (NK) OX-19~ OX-8"* cells,
in double-negative CD5~ cells and double-negative TcRa/p* cell numbers (15, 40-45).
However, diabetes has also been shown to develop in BB rats having normal numbers
of peripheral blood and splenic T,, and T, lymphocytes (46).

RT6* T LYMPHOCYTES AND DIABETES: RT6 is a non-glycosylated cell surface antigen
existing as two isomers, RT6.1 of 24-26 and 35 kDa, and RT6.2 of 24-26 kDa proteins
transcribed from the RT6° and RT6® genes (47-49). RT6 is present on about 70% of
peripheral T lymphocytes (45% of T, and 70% of T, lymphocytes), and is absent on bone
marrow (BM) cells and thymocytes (47, 48). The absence of RT6 expression on DP rat
peripheral W3/25* and OX-19* OX-8* T lymphocyte subsets accounts almost completely
for the T lymphopenia (47). However, RT6.1 protein was detected by immunoprecipitation
indicating that the RT6? structural gene is intact (49).

Anintrinsic defect is thought to exist in DP rat prothymocyte development because neither
DP BM nor prothymocytes generate RT6* T lymphocytes (50). Normal pluripotent
haematopoietic stem cell and TdT* cell numbers in DP BM and thymocytes suggest,
rather, a defect in post-thymic lymphocyte maturation (51). However, normal post-thymic
differentiation is thought to occur since DP rat lymphocytes demonstrate normal restriction
fragments of RT6* and RT6® genes (52), normal transcripts, the presence of a small
number of peripheral RT6* lymphocytes (53), and the presence of RT6* intraepithelial T
lymphocytes (54). The absence of RT6* T lymphocytes in the BB rat may result from
defects in thymic stroma integrity or in accessory factors associated with lymphocyte
maturation/differentiation or through extra-thymic apoptosis.

Depletion of RT6* T lymphocytes in DR rats results in insulitis and diabetes, and
Concanavalin A (Con A)-activated spleen cells from acutely diabetic DP or RT6-T
lymphocyte-depleted DR rats passively transfer diabetes to young RT6-depleted DR rats
(55). Since RT6 expression is associated with mature, differentiated T lymphocytes which
may possess suppressor activity, these results suggest that RT6* T lymphocytes play an
important immunoregulatory role in preventing diabetes.

Activation of endothelial cells (EC) appear to be affected by RT6-T lymphocyte depletion
and express increased levels of Class | and Class Il MHC antigens, similar to EC cultured
with interferon-gamma (IFN-y) (56). Induction and expression of MHC antigen and
intercellular adhesion molecule 1 (ICAM-1) on EC required IFN-y mediated through the
contact with T lymphocytes (56). This suggests that RT6-depleted lymphocytes have the
capacity to activate EC which may be important in recruiting lymphocytes to the islet. The
absence of RT6* T lymphocytes may be a consequence of lymphopenia not related to
diabetes development (57). Depletion of RT6* T lymphocytes and inoculation with sterile
rat faeces significantly increases diabetes, acute peritonitis and mild pancreatitis (58).
Mature differentiated RT6* T lymphocytes may be able to regulate autoreactive T
lymphocytes by exerting a suppressor function, thereby preventing diabetes development.



HELPER T LYMPHOCYTE SUBSETS IN THE BB RAT: Rat leukocytes express the
heterogeneous common leukocyte antigen (L-CA), CD45, whichinthe CD4* Tlymphocyte
subset exists as 180, 190, 200, and 220 kDa glycoproteins resulting from alternative
splicing of CD45 transcripts. Rat T, lymphocytes can be phenotyped into two CD45
subsets using the monoclonal antibodies, 0X-22 or OX-32: CD4* OX-22* (CD45RA/RB)
T,, lymphocytes produce interleukin 2 (IL-2), IFN-y, and lymphotoxin (LT), are involved in
graft-versus-host disease, respond to alloantigen in mixed lymphocyte culture (MLC) and
to lectin stimulation, but are ineffective in helping primed B lymphocytes to produce
antibody and CD4* OX-22— (CD45RO) T,, lymphocytes produce interleukin 4 (IL-4) and
interleukin 5 (IL-5) and have the ability to help B lymphocytes produce antibody (59, 60).

BB rat peripheral T lymphocytes are CD45RA/RB— and RT6, and the absence of both
subsets account for the T lymphopenia (61). This absence could arise from a post-thymic
maturational defect in which precursor T, lymphocytes are unable to differentiate towards
either T,, or T,, lineages. Both CD4 and CD8 lymphocyte subsets from DP rat lymph
nodes and intestinal intraepithelium are CD45RA/RB ™, as are islet infiltrating T lymphocytes
(54, 61, 62). These CD45RA/RB— RT6™ lymphocytes strongly correlate with lymphopenia,
defective CD45R expression and aberrant TNF production (63).

There appears to be "holes" in the thymic stroma of DP rats and the thymocyte phenotype
in these "holes"” are exclusively CD4* CD8* (64). As a result, thymocytes in the DP may
be autoreactive in nature but not devoid of RT6 expression (64).

There are increased numbers of immature, and reduced numbers of mature, CD4— CD8*
cells in the DP rat thymus (65). However, these immature thymocytes respond normally
to IL-2 + anti-TcR Ab and CD5 lymphocytes co-express TcRap (65). This suggests that
defects in peripheral T lymphocytes results from abnormalities beginning at the thymic
level. Thymic antigen presenting cells (APC), of macrophage or dendritic cell origin may
be responsible for the thymic defect since passive transfer of MHC-matched thymic APC
to DP rats results in normal ontogeny and normal T lymphocyte responses (66). No RFLP
are associated with BB rat TcR « chain constant region (67); however, there does appear
to be limited usage of the TcR V, chain in peripheral T lymphocytes but not thymocytes
(68).

DP rat lymph node T lymphocytes respond equally as well as WF T lymphocytes following
stimulation with R73 (TcR mAb), or Con A whereas cross-linking CD4 prior to R73 results
in WF but not DP T lymphocyte apoptosis (69). Furthermore, CD4 inhibition of the mixed
lymphocyte reaction (MLR) was less effective with DP than WF lymphocytes (69). DP rat
lymphocytes successfully rearrange their TcR and are positively selected for self-MHC, but
remain as immature T lymphocyte precursors in the periphery due to ineffective CD4 co-
receptor signaliing (69). These results suggest that T lymphocytes which emigrate from
the thymus do not differentiate and mature into RT6* CD45R* cells, are associated with
the T lym:phopenia, and have altered CD4 co-receptor signalling. Together, these
phenomena may contribute to the susceptibility of DP rats to develop spontaneous .
diabetes. However, it was demonstrated that RT6.1+9" cells do exist in DP rats and are
generally CD45RC—with only few CD45RC* cells found in lymph node T lymphocytes (70).



Differentiated, mature T lymphocytes may be memory cells that participate in regulating
the activation and effector functions of autoreactive T lymphocytes by suppressing their
clonal expansion and diabetes development. In contrast to DP rats, RT6*-lymphocyte
depleted DR rat insulitis is characterized by the presence of CD45* cells (71).

These results suggest that DP rat T lymphocytes can rearrange their TcR and are
positively selected for self-MHC. These lymphocytes do, to a limited extent, express RT6
and CD45RC, but alterations in the thymic stroma, presumably at the level of the thymic
APC, results in inefficient CD4 co-receptor signalling, and development of autoreactive
lymphocytes which can participate in diabetes development.

MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) ANTIGEN EXPRESSION ON BB RAT
LYMPHOCYTES: Activation of the immune response and hence, T lymphocytes results in
increased expression of MHC Class |l antigens (la) on their cell surfaces (63). Both normal
and hyperglycaemic BB rats have increased numbers of la* thoracic duct T, and T,
lymphocytes. This increased la expression on peripheral blood leukocytes and peripheral
blood and lymph node T lymphocytes correlates with those DP rats that would become
diabetic (72-75).

Increased la cell surface expression correlates with increased AT1.D, and AT1.D, steady
state mRNA levels in isolated splenic lymphocytes from prediabetic BB rats only (76).
Splenic CD5* la* lymphocytes were greater in DP and diabetic DP rats (45), and la*
lymphocytes are found in the islet lesion of RT6* lymphocyte-depleted DR rats (71). This
indicates the presence of an active immune response prior to the onset of overt diabetes
and is reflected by increased la cell surface protein and mRNA in circulating T
lymphocytes. These findings provide additional support for the noticn BB rat diabetes is
autoimmune and T lymphocyte-dependent in nature.

RESPONSES /N VITRO BY BB RAT T LYMPHOCYTES: Unseparated and purified BB rat
lymphocytes proliferate poorly in syngeneic and allogeneic primary MLC, {o mitogens
alone, or after addition of T cell growth factor, IL-2 containing Con A-stimulated
supernatants, or purified IL-2 (77-79). In addition, BB rats are unable to reject skin grafts
from MHC-compatible and -incompatible rats (79). However, removal of Fc receptor-
bearing cells improved mitogen responses and to Con A-stimulated supernatants (79).
Unlike lymphocytes, BB rat thymocytes respond normally to mitogens and to Con A-
stimulated supernatants (79).

Decreased mitogen responsiveness and variable IL-2 production by BB rat lymphocytes
is attributed to deficient W3/25* lymphocyte numbers (79, 80). The inability of BB rat
lymphocytes to respond normally to syngeneic and allogeneic MHC antigens, and to
mitogens suggest that a functional defect may exist at the level of the T lymphocyte or
may be due to suppression by macrophages.

Depletion of macrophages from BB rat spleen cells, or the addition of indomethacin,
increased proliferation and IL-2 production in response to mitogen suggesting that
interleukin 1 (IL-1) production was normal (81). Similarly, cell-sorter purified DP rat T
lymphocytes respond normally to mitogen although IL-2 production is significantly lower
(82).



Adherent DP rat cells markedly suppressed W-line lymphocyte proliferation in response
to mitogen and this was also reversed by indomethacin (82). These results suggest that
macrophages or macrophage products such as prostaglandins are capable of
suppressing responses to antigens and mitogens.

Defective IL-2 receptor (IL-2R) expression on BB rat lymphocytes is suggested hy low IL-2
production and the inability to proliferate in response to the addition of IL-2. /In vitro
stimulated DP rat T lymphocytes have significantly lower numbers of IL-2R* lymphocytes
existing as both low and high intensity IL-2R* populations, compared to DR rat T
lymphocytes which exist as a single high intensity IL-2R* population (82, 83). Northern blot
analysis of DP rat lymphocytes reveals few IL-2R p55« and p708 chain transcripts
compared to DR lymphocytes (83). However, CD5* splenic lymphocytes from DP and
diabetic BB rats express greater levels of IL-2R compared to DR and WF rats (45). These
results suggest that DP rat lymphocytes are difficult to activate and this may be due to
macrophage-mediated suppression.

Lymphopenia in BB rats is associated with the absence of OX-18* OX-8* T lymphocytes
(43), however, significant numbers of these cells are generated after Con A or MLC
stimulation, but are unable to lyse allogeneic targets in a cell-mediated lympholysis (CML)
assay (44). The addition of MLC-supernatant, or purified IL-2, and IFN-y also fail to
generate any cytotoxic activity in either a CML assay or in a lectin-dependent cytotoxicity
assay (44). There are no increases in the number of OX-19* OX-8* or W3/25* cells
generated after lymphocytic choriomeningitis virus (LCMV), and no cytolytic activity against
LCMV-infected targets, suggesting that DP rats do not have functional OX-19* OX-8*
lymphocytes (84). This further suggests that a central defect in the thymus or defects in
the lymphocyte itself are responsible for the inability of DP rat T lymphocytes to be
activated and functional.

DP rats are unable to generate functional T, lymphocytes. However, some DP rat OX-8*
OX-19— cells express TcR suggesting that these cells are CTL (85). Lower levels of OX-8
and absent OX-19 expression on DP rat lymphocytes may correlate with reduced cytolytic
activity. Target cells expressing greater amounts of Class | MHC antigen are lysed by DP
rat CTL (85). These findings imply that BB rat lymphocytes may not undergo further post-
thymic differentiation/maturation (85) and may result in the inability to develop into
functional T, lymphocytes.

NATURAL KILLER (NK) CELLS IN THE BB RAT: There are increased numbers of
peripheral blood and splenic NK cells, and increased NK cell-mediated cytolysis in DP rats
(86). In LCMV-infected DP rats, NK cell activity is greater compared to DR rats up to 7
days post-infection (84). Splenic NK cell numbers are two-fold greater in DP and diabetic
BB rats compared to DR and WF rats (45) suggesting that increased numbers of NK cells
may contribute to diabetes development by killing islet cells in an MHC-unrestricted
manner.

ISLET-CELL SPECIFIC TLYMPHOCYTES IN THE BB RAT: Helper T lymphocyte lines and
hybridomas isolated from spleen and pancreas of newly diabetic BB rats proliferate in
response to islet cell or RINmSF cell antigen in the context of RT7“ accessory cells, and
produce significant amounts of IL-2, but are not cytolytic to either islet or RINm5F cells (87,
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88). Proliferation and IL-2 release by these cell lines and hybridomas can be inhibited by
the addition of anti-AT7" serum or an anti A77.D monoclonal antibody (89, 90). More
recently, DP BB/Wor rat-derived CD4* CD5* CD8 T lymphocyte lines were found to be
specific for Escherichia coli GAD or islet cell antigen, and in the context of AT7" APC,
these lines proliferate, secrete IL-2 and IFN-y (91). Identification of DP rat autoreactive T,
lymphocytes which recognize autoantigen, possibly GAD, on the surface of islet cells may
be important in diabetes development.

MACROPHAGES AND DENDRITIC CELLS IN THE B8 RAT

Macrophages are thought to play an important role in initiating diabetes in the BB rat.
During the early stages of insulitis, OX-41* macrophages are predominant in the islet,
followed later by lymphocytes (92), and may be associated with increased splenic OX-41*
macrophage numbers in DP and diabetic rats (45). During the earliest stage of insulitis,
OX-18* OX-3/6/17* ED1* W3/25* macrophages predominate, followed in later stages of
insulitis by OX-8*+ and W3/25* lymphocytes (93). Infiltrates contain both inflammatory ED1*
and resting resident ED2* macrophages which become activated to express the ED1*
ED2* W3/25* OX17* phenotype (94-96). Furthermore, in RT6-lymphocyte depleted DR
rats, both ED1* and ED2* macrophages are found in islets with ED1* macrophages being
more numerous (71).

Dendritic cells (DC) are thought to be the first to invade the periphery of the p-cell islets
prior to lymphocytes and scavenger macrophages (97). In the early stages of insulitis, DC
predominate, and are followed later by increased numbers of ED2*' and ED3'
macrophages (98). Basal stimulatory activity of BB rat DC is comparable to WF DC, and
this activity is significantly increased after co-culture with activated macrophages, or in the
presence of IL-1 and granulocyte-macrophage colony stimulating factor (GM-CSF) (99).

EDS is specific for sialylated glycoconjugates and is an adhesion molecule specific for
activated lymphocytes (100). Glucocorticoids increase ED3 expression while IFN-y
reduces it (100). ED3* macrophages are generally restricted to lymphoid organs andi sites
of tissue damage in the late stages of autoimmune disease suggesting that they may be
suppressor macrophages (100). The presence of ED3* macrophagesin the damaged islet
may act in a protective manner. It is not known what triggers DC or macrophage migration
to, and infiltration within, the islets and their role(s) in islet cell killing. One suggestion is
that a venular permeability defect throughout the pancreas allows this migration (101). This
helps to explain the overall infiltration into the endocrine as well as exocrine pancreas and
exocrine cell lysis. ED3 expression on islet macrophages may indicate a cessation of the
effector function of T lymphocytes and an overall change in balance of cytokines from the
initial predominance of IL-2 and IFN-y during the early and mid-stages of islet destruction
to elevated levels of glucocorticoids and cessation of the diabetic process.

Macrophage depletion in BB rats by chronic administration of silica, prevents diabetes
development and thyroiditis (102, 103). Macrophages from silica-treated animals appear
enlarged, and have a higher level of activity (104). These results suggest that depletion
of, or altering macrophage function, by silica administration could prevent diabetes.

Adoptive transfer of Con A-activated splenocytes from silica-treated DP rats were unable
to transfer disease, however, splenocytes from silica-treated acutely diabetic BB rats did
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(105). Silica-treated DP rats have significantly reduced numbers of NK cells, T, and T,
lymphocytes, and macrophages, and Con A-activated splenocytes from theserats are less
cytotoxic to YAC-1 cells, primary rat islet cells and RINmSF cells (105). Silica treatment
prevents islet allograft rejection in recipients except in carrageenan-treated recipients

(106).

Ingestion of silica particles by macrophages may be sufficient to activate increased
monokine production or depletion of macrophages with silica may impair autoreactive T
lymphocyte activation and effector function. The combined reduction in macrophage
numbers and increased release of macrophage products could suppress autoreactive T
lymphocytes and protect against diabetes development.

IMMUNE-MEDIATED ISLET CELL KILLING

COMPLEMENT-DEPENDENT ANTIBODY-MEDIATED ISLET CELL KILLING: Complement-
dependent, antibody-mediated cytotoxicity (C'AMC) of rat islet cells can be demonstrated
using antibodies from pre-diabetic and overtly BB rats (107). Peak serum cytotoxicity is
observed just prior to, or just after, onset of overt diabetes (108). Complement-dependent
islet cell surface antigen-mediated cytotoxicity can also be demonstrated in crosses of
outbred BB and Long-Evans rats and always correlates with diabetes onset (109).
Autologous, allogeneic and xenogeneic islets are destroyed with a combination of sera
and mononuclear cells from 40-60 day old DP rats in an antibody-dependent cell
cytotoxicity (ADCC) assay and with increased duration of diabetes, ADCC declines (110).
Both C'AMC and ADCC increased significantly in diabetic animals that were transplanted

with islets (111).

C'AMC has been demonstrated against lymphocytes with variable results (112, 113).
C'AMC of islet cells involves the classical complement pathway, requires Ca®* and
alternate pathway factor b inactivation (114). BB rats injected intrasplenically with
syngeneic islet cell homogenates have an increased C'AMC and also develop diabetes
(115). This suggests that islet cell kiling can occur in an MHC-independent, antibody-
specific cell- or complement-dependent fashion which may be impcrant in targeting islet
cells and initiating diabetes onset.

MACROPHAGE-MEDIATED ISLET CELL KILLING: Macrophages may also be important
in the development of diabetes by being directly cytotoxic to islet cells. Activated ED1*
peritoneal macrophages are highly cytotoxic for islet cells and is greatly reduced in the
presence of silica (116). Macrophage-mediated islet cell cytotoxicity is enhanced with
macrophages from those DP rats which become diabetic and appears to be contact-
mediated since islet cell lysis occurs only where there is macrophage-islet contact (117,
118). These results suggest that macrophages are capable of killing islet cells directly or
through increased release of inflammatory cytokines. However, macrophages are only
cytotoxic in those animals that will eventually become diabetic suggesting that they must
be activated to be cytolytic, possibly through the release of inflammatory cytokines.

NATURAL KILLER (NK) CELL-MEDIATED ISLET CELL KILLING: Increased NK cell
numbers are found in DP rat peripheral blood and spleens (45, 86). Unstimulated and Con
A-activated DP or diabetic rat splenic lymphoid cells reduce insulin content of, and kill,
RINmSF and islet cells in an MHC-unrestrictive manner suggesting that p-cell cytotoxicity
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may also be NK cell-mediated (119). Purified splenic cells exhibit increased cytotoxicity for
both MHC-compatible islets and RINmSF cells suggesting that cytotoxicity is both T
lymphocyte- and NK cell-mediated. This was confirmed by reducing NK-sensitive target
cell lysis with NK cell-depleted cell preparations (119-122). Only IL-2 could reproduce the
Con A effects of diabetic rat splenic cell lysis of islet and YAC-1 cells, further suggesting
that NK cells may mediate islet cell killing (122). DP rat splenic lymphoid cells could also
kill in an antibody-dependent fashion with variable results (123, 124). These findings
suggest that NK cells kill in an MHC-unrestricted manner and do not require the presence
of islet cell surface antibody to mediate this function.

Supernatants and purified cytolytic grantiles derived from a rat NK tumour line, RNK, are
cytotoxic to YAC-1 cells and WF islets (125). Cytolysin (perforin) and/or NK cell factor
NKCF (NK cytotoxic factor) are thought to be the lytic components found in the granules
and supernatants.

Anti-NK cell antibody, 3.2.3- or OX-8-treated young DP rats decreased YAC-1 cell lysis in
vitro by splenic cells, but only from 3.2.3-treated rats without affecting the incidence of, or
timing of diabetes development. OX-8 treatment significantly reduced NK cells and OX-8*
T lymphocytes, and reduced the incidence of diabetes suggesting that OX-8' T
lymphocytes and not NK cells are essential in diabetes development (126). These results
confirm an essential role for T lymphocytes in the diabetes. Diabetes developed in DR rats
treated simultaneously with anti-RT6 and AGM1 (NK-specific) antibodies, again suggesting
that NK cells are not essential for islet cell killing (127).

Serine protease-positive OX-8* lymphocytes are markedly increased in the peripheral
blood of DP and diabetic BB rats and these lymphocytes are thought to be NK cells (128).
Cytolysin mRNA is detected in inflamed DP islets and in islets of pre-diabetic and RT6
lymphocyte-depleted diabetic DR rats (129). This suggests that NK cells are predominant
in DP rat islets while T, lymphocytes are predominant in DR islets since infiltrating cells
are OX-8* and 3.2.3~ (129). Overall, these findings suggest that NK cells and OX-8'
lymphocytes can Kkill islet cells. However, OX-8* lymphocytes are necessary for DP and
DR diabetes development while NK cells may act in a secondary fashion.

PASSIVE TRANSFER OF DIABETES

Lymphocytes, NK cells and macrophages are implicated in the pathogenesis of diabetes.
However, the identity of the cell type(s) which initiate diabetes remain elusive. Passive
transfer of diabetic BB rat blood or spleen leukocytes to RNC nude (nu/nu) mice resulted
in insulitis but not diabetes (130, 131). Passive transfer of diabetic BB rat spleen-, lymph
node-, BM-, or thymus-derived immune cells to the SWR/JM (nu/nu) mouse model does
not result in either insulitis or diabetes (132).

Con A-stimulated diabetic BB rat spleen and lymph node cells passively transferred
diabetes to DP rats, to cyclophosphamide-immunosuppressed WF rats and (A77“X BB)F,
and (RT1™" v X BB)F, rats, and to W-line rats (133-135). Both Con A-stimulated
supernatants and supernatants free from Con A which were derived from acutely diabetic,
and from other rats also passively transferred disease (136). A molecule(s) of greater than
50 kDa was identified in this supernatant (136). Lymphocytes from DP or diabetic rats
appear to target the islet directly since passive transfer of radio-labelled Con A-activated
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spleen cells to susceptible neonates homed to the islet within 5 days, produced focal
infitration within 8 days and diabetes with a mean age of 12.5 days (137). These results
indicate that activated diabetic BB rat lymphocytes or their soluble products can passively
transfer disease to susceptible recipients and to recipients made susceptible by
immunosuppression, Furthermore, these results suggest that BB rat lymphocytes are islet
cell antigen-specific and can home to the these cells.

Transfusion of Con A-activated RT6-depleted lymphocytes from YOS rats to 30 day old
DR rats, or nude rats induced diabetes before 60 days of age. RT6-depleted mitogen
activated spleen cells from PVG (RT1¢) rats induced diabetes or insulitis in PVG nude rats
(138). Unactivated or activated cells from acutely diabetic DP rats or from DR rats
passively transferred insulitis and diabetes to WAG nude rats 14-56 days after transfer
without increasing the number of CD5* lymphocytes (138). Spleen cells and RT6-depleted
spleen cells can passively transfer diabetes, however, the identity of the lymphocyte
subset necessary to induce diabetes remains unknown.

Phorbol myristate + ionomycin + IL-2 stimulated splenic cells or Con A-stimulated young
or diabetic DP rat splenic cells were both capable of passively transferring diabetes to DP
rats (139). Phorbol myristate + Con A + IL-2-stimulated splenic cells of which 78.2% were
OX-19* passively transferred diabetes to > 90% of the recipients, with no diabetes
development arising in those rats passively transferred with PMA + ionomycin + IL-2-
stimulated surface immunoglobulin (slg)* spleen celis (139). Purified TcR* CD4*
lymphocytes stimulated with PMA + ionomycin + IL-2 passively transferred diabetes to
recipient DP rats (139). Activated TcR* CD4* T lymphocytes appear to be able to initiate
diabetes development.

3.2.3-depleted and non-depleted DP BB rats passively transferred with PMA + ionomycin
+ IL-2-activated CD8* T-lymphocyte enriched splenocytes developed diabetes suggesting
that NK cells are not required for diabetes development (140). Unseparated T-lymphocytes
alsc passively transferred diabetes to untreated or 3.2.3-depleted recipients suggesting
that CD8* lymphocytes but not NK cells are necessary for passive transfer of diabetes
(140). These results suggest that activated whole or RT6-depleted splenic lymphocytes,
activated purified T lymphocytes, and more importantly activated T lymphocytes of both
the CD4 and CD8 subsets are necessary to passively transfer diabetes.

CYTOKINES AND ISLET CELL KILLING

Pancreatic B-cells are susceptible to various mechanisms of immune cell-mediated killing,
and include those soluble products released from immune cells such as macrophages
and T lymphocytes. Peripheral blood mononuclear cell-derived supernatants reduced the
amount of insulin and glucagon released by islets, and lysed the islets (141) suggesting
that lymphokines or monokines can suppress insulin release and be directly cytotoxic to
islet cells. However, the identity of the factors found in these supernatants remain to be

identified.

INTERLEUKIN 1 (IL-1): IL-1 inhibits islet cell insulin secretion, and insulin and glucagon
content, and killed islets (143). Islet cell sensitivity to IL-1 occurs independently of age,
sex, and genetic background, but does appear to depend on their metabolic state (144).
In vitro culture of islet cells in high serum or high glucose reduced the toxicity of iL-1,
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although the effect by sera may have been indirect and due to the presence of IL-1
inhibitors (144). Whereas low amounts of IL-1 stimulates increased insulin release, and
increased pro-insulin biosynthesis in a time-dependent manner, high concentrations
selectively decreased pro-insulin biosynthesis and prepro-insulin mRNA indicating that IL-1
acts at a pretranslational level of insulin biosynthesis (145, 146).

TUMOUR NECROSIS FACTOR ALPHA/2ETA (TNF-a/B): Initially, TNF-a/p was shown not
to be toxic to islet cells (142, 145). Howeu~r, high concentrations of TNF-a alone, or low
concentrations of TNF-« together with IL-* inhibited islet cell insulin content and release
(147). Furthermore, the combination of IL-1, T1F, and IFN-y, caninhibit insulin release and
be directly cytotoxic to rat islet cells m ~tained in monolayer culture (148-150).
Lymphotoxin (LT), also called TNF-B, alone does not alter islet morphology and does not
enhance the effect of IL-1B and the combinatic- »f IFN-y and LT does not affect insulin
release or islet morphology (150). However, rat or mouse IFN-y + IL-1p, with TNF, or with
LT is cytotoxic to rat islet cells (151). Long-term pre-culture of islet cells with IFN-y
sensitizes them to the cytotoxic effect of TNF or IL-1 (152). There is an inverse correlation
between the expression of MHC Class Il antigens on islets and cytotoxicity whereby peak
expression of Class Il antigens precedes IFN-y + TNF-a-mediated cytotoxicity (153).

TNF-« alone, or in combination with IFN-y is also cytotoxic to glucagon-producing alpha
(a)-cells (153). IL-18 reduced non-insulin DNA synthesis by 50% and glucagon content
by 95% in islets (154). Therefore, macrophage derived cytokines such as IL-1 and TNF-«
can act in synergy with T lymphocyte-derived cytokines such as IFN-y and LT to inhibit
insulin biosynthesis and to be directly cytotoxic to the pancreatic islet cell.

INTERLEUKING6 (IL-6): IL-6is another macrophage product thatinhibits glucose-stimulated
insulin secretion without altering insulin content and induces islet cell apoptosis (155).
Moreover, IL-1-treated islet cells produced IL-6 (155). Culture supernatants from murine
islets contain low but detectable levels of IL-6 which are increased 6-fold in the presence
of IFN-y, 40-fold in the presence of TNF-a and 115-fold in the presence of IFN-y + TNF-«
which peaks at 48 hours of culture. Peak IL-6 mRNA levels are present at 24 hours of
culture and is similar for RINmSF cells (156). While IL-6 alone can inhibit glucose-
stimulated insulin secretion, the combination of IL-1, TNF and IL-6 contributes to islet cell
cytotoxicity (157). These findings suggest that exogenous as well as endogenous cytokine
production can lead to islet cell death.

The functional state of the islet cell itself may determine its susceptibility to cytokine-
mediated kiling. Greater cytotoxicity of islet cells to IL-1, TNF-a or IL-1 4+ TNF-a occurs
in the presence of 11 mM glucose than in the presence of lower concentrations. This
suggests that as islet cells are killed, the remaining p-cells increase their activity and may
also become more susceptible to killing (158). Interleukin 1-, TNF-a- and IL-6-producing
cells were found within the islets and in the exocrine pancreas of diabetic BB rats with
TNF-a-positive cells being the most predominant (159). These results suggest that in
addition to the lethal effects of lymphocytes, NK cells and macrophages on B cells, soluble
products from these immune cells including IL-1¢/B, TNF-«, LT and IL-6 can mediate p
cell injury and destruction.
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Ditferentiated endocrine cells such as p-cells are sensitive to (pro)-inflammatory cytokines
and can also produce some of these cytokines after stimulation. A mouse p-cell line, B-
TC1, derived from mice carrying a hybrid insulin-SV40 tumor antigen transgene, expresses
TNF-a mRNA and protein after culture with low doses of IL-1B (160, 161). These results
suggest that islet cell damage and death may occur by IL-1-induced TNF-a-mediated

killing.

TRANSFORMING GROWTH FACTOR BETA (TGF-p): Some cytokines may be protective
rather than cytotoxic for islet cells. This may be important in inhibiting or reversing
inflammatory cytokine-mediated islet cell damage. Islet cells treated with TGF-p for up to
2 weeks prior to, or concurrently in an in vitro lymphocyte-mediated kiling assay or
cytokine (TNF + IFN-y)-mediated kiling assay, significantly reduced islet cell killing (162,
163). This suggests that TGF-p can either inhibit or reverse the cytotoxic potential of TNF
+ IFN-y and prevent islet cell damage. Furthermore, TGF-p may also act directly on the
islet cell making it more resilient to attack by immune celis or their products. Transforming
growth factor p1, TGF-p2 and TGF-B3 mRNA and protein are detected in normal adult
pancreatic islets and may play a role in preventing immune killing. This suggests that in
islets from diabetes-susceptible individuals, a disturbance in TGF-p production may exist
rendering the islet to enhanced susceptibility to immune-mediated damage (164).

INTERLEUKIN 10: IL-10 is an anti-inflammatory cytokine produced by T,, lymphocytes, B
lymphocytes and macrophages and may be important in the treatment of autoimmune
diseases (165). IL-10 increases islet cell insulin accumulation by about 50% and islet
insulin content by 30-50% (166). However, pre-treatment of islets with IL-10 fails to protect
against, or reverse, the damaging effects of IL-1p (166).

Directed IL-10 expression in islets from transgenic mice transplanted as allografts in MHC-
incompatible hosts were still susceptible to mononuclear cell infiltration and rejection
although significant amounts of IL-10 could be detected by immunohistochemistry (167).
Double transgenics in which islets expressed IL-10 and LCMV glycoprotein (GP) or
nucleoprotein (NP) had insulitis and diabetes (167). These findings suggest that IL-10 is
unable to inhibit an active cell-mediated response against the GP- or NP-expressing islets
and once initiated, a cellular immune response is unaffected by the actions of IL-10.
Interleukin 10 is unable to suppress inflammatory cytokine action on, or the effector
function(s) of inflammatory celis infiltrating the islet.

Interleukin 1 stimulates islet cell production of another anti-inflammatory agent,
prostaglandin E, (PGE,) (168, 169). The addition of cyclooxygenase inhibitors to islet cell
cultures suppressed islet cell PGE, production, but did not prevent IL-1 inhibition of
glucose-induced insulin secretion (168, 169). A natural inhibitor of IL-1 extracted from urine
inhibited IL-1-stimulated islet PGE, production and inhibited the decrease in insulin content
(169). Taken together, protective mechanisms may exist, in or nearby islets ensuring that
the actions of inflammatory cytokines such as IL-1, TNF, and IFN-y are not detrimental to
the insulin-producing cells. However, if imbalances in protective and destructive cytokines
exist, cytokines may inhibit insulin secretion and kill islet cells. Finally, these findings
demonstrate that an additional mechanism of islet cell killing is cytokine-mediated leading
to overt diabates.
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MAJOR HISTOCOMPATIBILITY COMPLEX ANTIGEN EXPRESSION ON PANCREATIC
ISLET B-CELLS

Cell surface expression of MHC antigens on cells of immune and non-immune origin can
be regulated by IFN-y (170), and/or TNF-a (171), and inappropriate MHC antigen cell
surface expression may contribute to autoimmune disease (172).

Class | and Il MHC cell surface antigen expression was demonstrated on human
pancreatic p-cells of newly manifested IDDM (173), suggesting that aberrant expression
of MHC molecules on B-cells may be important in diabetes. Only low levels of Class |
MHC antigens were detected on freshly isolated or 2 day-cultured mouse pancreatic islets
and increased 2-10 fold on 50-98% of the islets after culture with IFN-y (174). Culture of
islets for more than 6 days with IFN-y or a lymphokine supernatant increased Class |l
MHC antigen expression (175). At least 50% of p-cells from high incidence BB but not low
incidence BB or WF were induced to express Class Il MHC antigens after 5 days of
culture with IFN-y (176).

Low levels of Class | MHC antigens (HLA-A, B, C), but not HLA-DR could be detected on
adult human B cells and these levels increase 2-6 fold on adult and 17-20 fold on fetal B-
cells after exposure to IFN-y (177). However, insulin-containing islet cells in pancreatic
secticns from diabetics did stain for HLA-DR (178). The addition of TNF-a to IFN-y
increased greater expression of HLA-DR on human « and B cells (179). Furthermore, IFN-
v, together with TNF or LT, but not IL-1a/p increased Class Il MHC expression on g cells
(180, 181). While results are variable for MHC Class Il expression, it is possible that
inflammatory cytokines, if present in sufficient amounts, can enhance Class | and induce
Class Il MHC antigen expression on p cells.

RINmMS5F cells cultured with 10% Con A stimulated lymphocyte supernatants or with low
amounts of IFN-y had increased Class | MHC expression, whereas moderate amounts of
IFN-y induced Class Il MHC expression (182, 183). Isolated LEWIS rat islets cultured with
rat IFN-y for up to 15 days were negative for Class Il MHC antigen expression, however,
islets cultured for 7 days followed by culture for 6 days with IFN-y were positive for both
Class | and Class Il MHC antigens (184). Pre-diabetic BB and BB-derived rat islets, and
RINmSF cells cultured with 5% Con A stimulated lymphocyte supernatants had increased
levels of Class | MHC RNA (185, 186). While consistent increases in Class | MHC
expression are observed in islets and RINmSF cells, Class Il expression is variable and
may depend on the sequence of, and exposure time to cytokines.

Islet preparations express class | MHC heavy chain RNA which increased with time in DP
and WF rats (187). Peak Class | MHC heavy chain RNA was observed in islets from 50
day old DP rats and from newly diabetic BBUF rats and were 3-fold and 2-fold greater,
respectively, compared to those levels in WF islets (187). No 30 d DP islets contained
detectable levels of Class li a-chain RNA. However, in 50 d BB and newly diabetic BBUF,
Class Il expression was observed and expression was limited to islet dendritic cells (187).

RINmSF cells cultured with crude lymphokine preparations or IFN-y only expressed
enhanced Class | MHC heavy chain RNA and protein (188, 189). Insulin-containing human
islets from recent onset diabetes expressed Class Il MHC antigens and over-expressed
of Class | MHC antigens (190). When RINmSF cells were cultured in the presence of IFN-
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v, generalized Class | and focal Class Il MHC expression was enhanced and increased
in proportion to the dose and duration of IFN-y exposure (191). Interferon-y or TNF-a
increased Class | but not Class Il MHC antigen expression on normal human and mouse
p-cells, and RINmSF cells after culture for 5 or 6 days, while IFN-y + TNF-a increased
both Class | and Class Il MHC antigen expression (192).

These findings suggest that release of cytokines such as IFN-y, TNF-a and possibly LT
and IL-1e/p by macrophages and lymphocytes in the vicinity of the p cell can induce
aberrant MHC antigen expression possibly rendering these cells more susceptible to
killing.

PREVENTION OF DIABETES IN THE BB RAT: IMMUNOSUPFPRESSION

BONE MARROW TRANSPLANTATION: Insulin-dependent diabetes mellitus is an
autoimmune disease involving the T lymphocyte as the effactor cell indicating that
susceptibility to disease may reside in lymphocyte stem cells in the BM. Neonatal BB rats
injected with BM from WF or (ACI X BB)F, prevents diabetes development and improves
immune cell function by normalizing lymphocyte numbers and increasing the primary MLR
(193-197). However, diabetes was not completely prevented in rats receiving neonatal
transplantation of T lymphocyte-depleted WF BM. These recipients were profoundly
lymphopenic similar to untreated DP rats, and cells from these rats responded weakly in
an allo-MLR (198, 199). DP rats reconstituted with DR BM are insulitis- and diabetes-free,
whereas DR rats reconstituted with DP BM developed accelerated insulitis and diabetes
compared to DP rats (200). Wistar Furth, BN/WF, BN/Yos, DP, and DR rats all of which
are RT1Y, when reconstituted with DP BM and passively transferred with acutely diabetic
DP rat Con A-activated spleen cells, developed diabetes and insulitis (200). DR rats had
a 100% incidence suggesting that a defect exists in DP rat BM (200).

These results indicate that a probable genetic defect in the BM participates in the diabetes
process and can be corrected with normal syngeneic BM transplantation. Apparently, the
BM cell that may be responsible for this protection is the "contaminating” T lymphocyte
since T lymphocyte-depleted BM did not protect against disease development. This does
exclude a possible thymic defect in diabetes development. Both a defect in BM and in the
thymus may be responsible for diabetes development.

NEONATAL THYMECTOMY AND THYMIC TRANSPLANTATION: Partial or complete
neonatal thymectomy of DP rats reduces the incidence of diabetes to 9 and 3%
respectively and increases lymphopenia by further reducing W3/25* lymphocyte numbers
suggesting that diabetes in the BB rat is a thymus-dependent cell-mediated event (201).
Lethally irradiated. thymectomized DP rats injected with DP BM and transplanted with a
nondiabetic BB rat thymus or lethally irradiated, thymectomized non-diabetic BB rats
injected with non-diabetic BB BM and transplanted with a DP rat thymus had no change
in the numbers of lymph node or thoracic duct T and B lymphocytes and had an
unaltered primary allo-MLC response (202). However, DP BM chimeras passively
transferred with non-diabetic BM had elevated T lymphocyte numbers whereas irradiated
non diabetic 2B rats passively transferred with DP BM had reduced T lymphocyte
numbers suggesting the presence of a BM defect (202).
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Irradiated BB rats passively transferred with T lymphocyte-depleted WF BM had a
significant decrease or delay in diabetes development, were less lymphopenic with
incomplete W3/25 and OX-8 subset restoration with a normal response to alloantigen
(203). In contrast, WF rats passively transferred with BB rat BM did not develop diabetes,
but did develop a characteristic lymphopenia with a normal response to alloantigen (203).

BB rats transplanted with y-irradiated neonatal (DA X BB)F, thymus were protected
against insulitis and diabetes development, and had normal T lymphocyte responses
whereas BB rats transplanted with dGua-treated thymus developed a severe insulitis and
diabetes and poor T lymphocyte responses similar to untreated DP rats (204-206). Bone
marrow transplantation followed by neonatal thymus transplantation fails to reduce the
incidence of diabetes in BB rats or improve the lymphopenia (206).

LYMPHOCYTE TRANSFUSION: Weekly transfusions of whole blood prevents diabetes and
insulitis, and increases peripheral lymphocyte responses to Con A stimulation (207). White
cell-transfused animals are prevented from developing diabetes and insulitis and had
significant increases in lymphocyte subset numbers (208). However, transfusion of DP rat
spleen cells slightly increases diabetes (208). T lymphocyte-depleted blood transfusion
slightly decreases diabetes and both whole blood and T lymphocyte-depleted blood
recipients respond better to Con A stimulation (208). Protection against diabetes and
insulitis in BB rats is MHC-restricted and observed only with syngeneic spleen cells (209).

While lymphocytes can protect against diabetes development, the identity of the cell type
which confers this protection remains unknown. Transfusion of W3/25-enriched T
lymphocytes but not OX-8-enriched or OX-8 + W3/25-enriched T lymphocytes protected
against diabetes and insulitis and significantly increased proliferative responses to Con A
(210). However, in vivo depletion of W3/25 or OX-8 lymphocytes with antibodies and
passive transfer of lymphocytes from these donors protected recipients against diabetes
(210).

Neonatal DP rats receiving intraperitoneal or intravenous injections of splenocytes or Con
A blasts from syngeneic rats were protected against diabetes in a dose- and time-
dependent manner, but were not protected against passively transferred diabetes with
diabetic BB rat Con A blasts (211, 212). Furthermore, lymphocytes derived from
normoglycaemic DP rats could passively transfer protection against diabetes but could
not protect against destruction of islet grafts (213). This indicates that passive transfer of
intact functional thymuses from normal rats, and equally important, mature lymphocytes
can infer protection against diabetes development. Lymphocytes from normoglycaemic
DP rats may have matured sufficiently to act as immunoregulatory cells preventing
diabetes.

ANTIBODY-MEDIATED PREVENTION: Autoreactive T lymphocytes are responsible for
diabetes development and suppression of the effector activity of these celis may infer
protection against disease. Chronic treatment with an anti-lymphocyte serum (ALS) (214),
or an anti-I-E but not anti-I-A Class It MHC mAb (215), or OX-19 (pan-T lymphocyte), or
OX-8 (T, lymphocyte and NK cells) and OX-17 (Class Il MHC I-E) significantly prevents
against diabetes development in DP-BB/Wor rats, whereas treatment with antibodies to
W3/25* T, lymphocytes does not (216). Reappearance of diabetes after islet
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transplantation is also prevented in OX-8 but not W3/25 antibody-treated animals (217).
Targeting of specific lymphocyte subsets is capable of preventing diabetes.

Therapy with anti-AGM1, which recognizes NK cells among other cells, prevents
destruction of WF islets in WF-tolerant BB rats by reducing the number of OX-8*
lymphocytes and YAC-1 cell-specific lysis (218). However, chronic treatment with 3.2.3, a
rat NK-specific antibody, is not protective compared to OX-8 (126). This suggests that
diabetes development is T lymphocyte-mediated and not NK cell-mediated, and indicates
that DP rats do have OX-8* T iymphocytes.

Chronic adminstration of an anti-CD2 mAb which recognizes T lymphocytes, thymocytes,
NK cells, and splenic macrophages protects against insulitis and diabetes development
in BB rats, reduces adoptive transfer of disease to DP rats, to RT6*-cell depleted DR rats,
and poly [I:C)-treated DP rats but not RT6*-cell depleted, poly [I:C]-treated DR rats (219).
These findings indicate that T lymphocytes are the effector cells in diabetes.

Antibodies to the IL-2R, alone or in combination with cyclosporin A (CsA), effectively
prevents rejection in LEW.1W MAxK (RT1*) rats which received islet grafts under the
kidney capsule (220). Newly hyperglycaemic BB rats receiving CsA together with an anti-
rat IL-2R antibody regain about 50% of their pancreatic insulin and demonstrated a
marked reduction in IL-2R* and Class If MHC antigen-expressing lymphocytes (221).
These findings suggest that suppression of activated lymphocytes and inhibition of IL-2
action is sufficient for protection against diabetes.

PHARMACOLOGICAL PREVENTION OF DIABETES: Cyclosporin A (CsA) inhibits
transcription of cytokine genes such IL-1 and TNF-a in the macrophage, IL-2 and IFN-y
in lymphocytes, and may generate suppressor macrophages (222-225). Cyclosporin A
may suppress either T, lymphocytes or T, lymphocytes and induce suppressor
macrophages which could participate in diabetes prevention.

Cyclosporin A-treated DP rats do not develop insulitis or diabetes (226). Newly diabetic
BB rats treated with methylprednisolone and anti-lymphocyte serum (ALS) are cured from
diabetes and if treatment is initiated prior to overt diabetes development, both the
methylprednisolone + ALS and CsA + ALS protect (227).

Prevention of BB rat diabetes by CsA treatment is time-dependent and most effective
when initiated between 60 and 70 days of age (228, 229). Both oral and peritoneal routes
of CsA administration are equally effective (229). Long term CsA therapy from 6-21 weeks
of age protects completely against diabetes, whereas initiation of therapy later or
termination earlier provides only partial protection (230). This suggests that CsA therapy
must commence at, or near the time in which lymphocytes and possibly macrophages
become activated and must continue througheut the "effector" phase to be successful in
preventing diabetes.

Cyclosporin A protects against diabetes development, however, the effects of CsA on the
immune system remained to be determined. Chronic or intermittent CsA treatment
significantly reduces peripheral blood and splenic T lymphocyte (OX-19*) and T,
lymphocyte (W3/25*) numbers (231, 232). These results further suggest that CsA
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suppression of autoreactive cells must occur at a time when then immune response first
starts and must be continued throughout the "effector" phase.

Concanavalin A-activated lymphocytes from CsA-treated nondiabetic DP rats are
significantly less cytotoxic to RINmSF cells when compared to untreated DP rats (233).
Furthermore, CsA-treated DP rats have decreased numbers of T lymphocytes (OX-19*)
and W3/25* T, lymphocytes, reduced IL-2 production, but significantly increased numbers
of NK cells (233). Immunohistochemical analyses of pancreases from CsA-treated BB rats
are free from Class | MHC antigen hyperexpression, islet infiltration and markedly
decreased extraislet ED1* macrophages (234). This indicates that CsA treatment does not
only affect lymphocyte activity but also inhibits lymphaid cell cytokine production which
could act on islet cells rendering them more susceptible to lysis.

Thalidomide can prevent graft versus host disease after BM or renal transplantation and
has a synergistic effect when used in combination with CsA (235). Thalidomide decreases
the CD4:CD8 ratio by reducing CD4 and increasing CD8 lymphocyte numbers (236),
decreasing NK cell numbers, increasing the number of mature B lymphocytes, and
decreasing cell adhesion and integrin molecules on lymphocytes and monocytes (237).
Thalidomide-treated BB rats were not protected against diabetes or lymphocytic thyroiditis
development (238). The lack of protection may be due to the ability of thalidomide to
selectively inhibit TNF-a production by monocytes (239) and enhance TNF-a mRNA
degradation (240). Decreasing or inhibiting TNF-« in BB rats does not protect against
diabetes development suggesting that this cytokine may be importantin protecting against
diabetes development.

VIRUSES: Viruses implicated in diabetes development include Coxsackievirus B4 (241),
congenital rubella (242), retroviruses (243), reovirus types 1 and 2 (244, 245),
encephalomyocarditis virus D variant and mengovirus (245), mumps virus (245),
cytomegalovirus (245), which can kill islet  cells directly, and Kilham's rat virus which kills
lymphocytes (246).

Chronic lymphocytic choriomeningitis virus (LCMV) clone 13 infection of DP rats prevents
diabetes and was associated with a further transient reduction W3/13*, W3/25*, and OX-8'
lymphocyte numbers (247, 248). Furthermore, chronic LCMV infection of NOD mice
prevented diabetes, and transfer of LCMV-infected iymphocytes to diabetes-prone NOD
mice also protected against disease (249). While LCMV may lyse lymphocytes necessary
to precipitate diabetes in BB rats and NOD mice, LCMV infection is associated with
dramatic increases in splenic cell TNF-a, IL-1a, and IL-1p mRNA levels, and to a lesser
extent, IL-6 and IFN-y mRNA levels, peaking at 3 days post-infection and maintained for
over 6 days (250). While viruses may mediate p cell-specific damage or participate in
diabetes development, LCMV infection increases the production of pro-inflammatory
cytokines such as IL-1a/B, IL-6, and TNF-a. In the NOD mouse and BB rat, these
cytokines, or at least TNF-a may play a protective role and prevent diabetes development.

OTHER METHODS: Other methods have been employed to prevent diabetes in the BB
rat. Early treatment of BB rats with insulin or diazoxide (an inhibitor or endogenous insulin
secretion) prevents diabetes with normal-appearing pancreases and no apparent
differences in the lymphocyte subsets (251, 252). Insulin-mediated protection against
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diabetes was confirmed in RT6* lymphocyte-depleted DR/Wor rats, however, lymphocytes
from these animals passively transferred diabetes to naive recipients (253). Furthermore,
passive transfer of diabetes to insulin-treated BB rats was also prevented (254). This
suggests that active insulin-producing p-cells may provide signals necessary for their

destruction.

Intrathymic inoculation of DR islet cells into 25 day old DP recipients protects against
diabetes, reduces spleen cell-mediated islet cell killing, but not YAC-1 cell killing and does
not alter OX-19* and OX-8* OX-19— cells, but increases OX-8* OX-19* cells (255).
Intrathymic inoculation of WF islets into neonatal DP rats prevented diabetes up to 210
days of age without altering CD4 or CD8 lymphocyte, B lymphocyte, or TCRaf*
lymphocyte numbers (256). These results indicate that direct exposure to islet cell antigen
at the site of self:non-self discrimination, the thymus, possibly directs apoptosis of
autoreactive islet cell-specific ymphocytes and is sufficient for the prevention of diabetes.

Total lymphoid irradiation reduces insulitis and prevents diabetes in BB rats and slightly
reduces Con A responsiveness without altering peripheral blood or spleen T lymphocyte
subsets (257). Whole body y-irradiation had no effect in preventing diabetes exceptin DR
rats which had an increased incidence of disease (258). This suggests that removal of
activated, but not resting lymphocytes by irradiation prevents diabetes.

PREVENTION OF DIABETES: IMMUNOREGULATION

Con Ais a T lymphocyte and NK cell-specific mitogen capable of activating T lymphocyte
helper and effector function, and in high concentrations, suppressor function. In addition,
Con A activates NK cells through the production of IL-2. PHA can also activate T
lymphocytes and PWM can activate both T and B lymphocytes. Mitogens may be good
candidates for diabetes prevention.

Adjuvants are considered to be biological response modifiers capable of non-specifically
activating the immune system and augmenting cytokine production and can be grouped
into nonbacterial or bacterial types (259, 260). Adjuvants consisting of bacteria or bacterial
products include: complete Freund's adjuvant (CFA) which is composed of an emulsion
of killed mycobacteria in mineral oil and is generally used in combination with an antigen
to stimulate an immune response to that antigen; Bacillus Calmette-Guérin (BCG),
bacterial lipopolysaccharide (LPS); Corynebacterium parvum (BCG); and a streptococcal
cell wall preparation, OK-432 are all capable of activating macrophages (260-262).
Because these agents activate macrophages and induce cytokine production, they may
be candidates to prevent diabetes.

MITOGENS AND DIABETES: Diabetes occurs spontaneously in the BB rat and in the NOD
mouse models of human diabetes mellitus. Intraperitoneal treatment young NOD mice with
Con A completely inhibits diabetes without depressing insulitis, but does depress
proliferative responses to Con A in vitro, and increases blast cell numbers, the CD4/CD8
ratio and CD4— CD8~— cell numbers (263). Intravenous wheat flour lipopolysaccharide
(LPSw) treatment of NOD mice also prevented diabetes whereas intradermal treatment
only delayed diabetes development by 9 weeks and resulted in an 80% survival rate,
similar to TNF-« treatment of NOD mice (264).
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ADJUVANTS AND DIABETES: Biological response modifiers such as adjuvants act by
modulating the immune response which may be beneficial in preventing autoimmune
disease. Bacillus Calmette-Guérin (BCG)-treated NOD mice are protected against diabetes
development (265). Spleen cells from these treated animals are unresponsive to
alloantigen and mitogen stimulation for up to 19 weeks post-treatment and could be
reversed by splenic macrophage removal (265, 266). Insulitis and diabetes can be
prevented in recipient mice by passive transfer of BCG-treated mice whole spleen cells
or macrophages but not T lymphocytes (265, 267). Cytotoxic T lymphocyte generation is
inhibited, NK cell activity is absent, and IL-2 production by lymphocytes is significantly
reduced and is associated with a significant decrease in IL-2R* cell numbers (266).
Enhanced Mac-2 expression on significantly increased Mac-1* macrophages numbers
during the first 4 weeks after vaccination suggests induction of differentiation/maturation
and suppressor macrophage generation (266). These macrophages may curtail diabetes
developmentby directly suppressing autoreactive effector T lymphocytes as demonstrated
by both the decreased number of IL-2R* cells and reduction in IL-2 production.

OK-432 is a streptococcal preparation derived from a low virulent Su strain of group A
Streptococcus pyogenes. Weekly intraperitoneal treatment of NOD mice with OK-432 from
4-24 weeks of age prevented diabetes and insulitis, increased mononuclear spleen cell
numbers and NK cell activity (261). Weekly intraperitoneal treatment of BB rats with OK-
432 from 5-30 weeks prevented diabetes and insulitis and significantly reduced spleen
cell-mediated RINmSF ceill kiling without changing OX-19, W3/25 and OX-8 splenic
lymphocyte numbers (262). OK-432 provides the best protection against NOD mouse
diabetes development when started from 4 weeks through to 15 weeks (268). However,
diabetes was not prevented in OK-432-treated irradiated NOD mice passively transferred
with diabetic mouse spleen cell (232). Administration of cyclophosphamide (Cy) was
unable to promote diabetes in OK-432-treated NOD mice (232).

Spleen cell number increases in OK-432-treated NOD mice is a »>ciated with decreases
in Thy1.2*, L3T4*, Lyt-2* cells and increases in Mac-1+, sig*, and unstained cells. Spleen
cells from OK-432-treated NOD mice had stronger responses to Con A and LPS
stimulation (268, 269). Furthermore, OK-432 treatment significantly increased NOD mouse
serum TNF, but not IL-1, IL-2 or IFN-y levels (269, 270). Serum from OK-432-treated NOD
or Balb/c mice also prevents diabetes and insulitis in naive NOD mice in a manner similar
to recombinant TNF and this could be blocked by simultaneous treatment with anti-TNF
antibody (269). These results suggest that OK-432 increases macrophage numbers and
endogenous TNF-a production, and this combination may prevent diabetes.

BB rats treated with insulin in CFA delayed diabetes development by about 40 days and
tuberculin in CFA reduced the incidence of diabetes by about 70% (271). Footpad
injection of 4-10 week old prediabetic NOD mice with CFA prevented hyperglycaemia, and
lymphocytes, BM cells or nylon-wool nonadherent radioresistant Thy-1—cells from these
mice alone, or mixed with untreated NOD mouse responder cells reduced proliferation in
primary allo-MLR and to mitogen stimulation (272). This suggests that CFA may induce
the generation of natural suppressor cells (272). BB rats are also protected against
diabetes and insulitis development after peritoneal injection of CFA (273), possibly through
the generation of non-specific suppressor cells (274), similar to NOD mice. One
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mechanism by which CFA protects against diabetes may be to suppress effector cell
function by generating natural suppressor cells.

Pancreatic islet homogenates emulsified in CFA or CFA alone injected into the footpads
and intraperitoneally in NOD mice prevented diabetes (275). Whole or Mac-1*-enriched
splenocytes from CFA-treated NOD mice mixed with diabetic NOD mouse splenocytes
prevented passive transfer of diabetes (275). The protective cells appear to be large Mac-
1+ cells which increase in number after CFA treatment (275). Morphologically these cells
are large, granular, myeloid precursor cells which had an increased proliferative index
modestly increased levels of esterase staining, phagocytosis, IL-1 and TNF-a secretion,
and no difference in PGE, secretion (275). Spleen cells and to a lesser degree, lymph
node cells from CFA-treated mice respond poorly to mitogen or anti-CD3 stimulation (279).
Mac-1* cells purified from CFA-treated NOD mice spleens or from thioglycollate-induced
peritoneal exudate cells markedly suppressed splenic T lymphocyte or thymocyte
responses to Con A or anti-CD3 (275). In addition, CFA administration to diabetic NOD
mice at the time of islet transplantation, prevents graft rejection (276, 277). Athough CFA
protects against diabetes and islet graft rejection in NOD mice, transfer of spleen cells
from CFA-protected mice to healthy syngeneic mice did not protect against disease unless
recipient mice received CFA 24 hours after spleen cell transfer (277).

Complete Freund's adjuvant-treated mice are free from intraislet lesions, and peri-islet
lesions contain a lower ratio of CD45R/CD45 lymphocytes compared to untreated mice
(278). T lymphocytes from destructive islet lesions immunostain for IFN-y whereas T
lymphocytes non-destructive lesions immunostain IL-4 (278). CFA-mediated protection
against diabetes is time-dependent and must be given between 4 and 10 weeks of age
{279).

Animals treated with Mycobacterium tuberculosis or Mycobacterium bovis (BCG vaccine)
starting at 5 weeks of age are also protected against diabetes and insulitis development
(279). Spleen cells or draining lymph node cells from CFA-protected NOD mice could
significantly protect against diabetes in untreated mice, and when mixed with spleen cells
from acutely diabetic NOD and passively transferred to irradiated non-diabetic NOD mice,
delayed the onset of diabetes (279). T lymphocytes, and more precisely, CD4 T
lymphocytes appear to be responsible for this protection since depletion of T lymphocytes
with anti-Thy 1.2 mAb or with anti-CD4 mAb abrogated protection (279). CFA-mediated
protection of NOD mice could be abrogated with two doses of cyclophosphamide
suggesting that CFA prevents the induction of effector cells (279). CFA decreases Thy.1%,
CD3* and CD4* lymphocytes and increases Mac-1* ard Ig* cells in both spleen and
lymph nodes and moderately increases the number of CD4* CD8* thymocytes and
reduces CD4— CD8~ thymocytes (279). This indicates that CFA-mediated protection
against diabetes and insulitis results in increased numbers of natural suppressor cells,
myeloid precursor cells and inhibits the induction of effector cells in the NOD mouse and
likely in the BB rat. Furthermore, CFA increases TNF-a and IL-4 production which could
immunoregulate autoreactive cells to a state of non-responsiveness.

Poly [I:C] is an inosinic and cytidylic acid-derived polyribonucleotide capable of stimulating

IFN-a and IFN-p from macrophages resulting in autocrine activation of these cells (280).
Poly [I:C)-treated NOD mice are protected against diabetes and insulitis development and

20



T lymphocytes from these mice suppress NOD T lymphocytes in MLC (280). However,
Poly [I:C]-treated DP or DR rats develop diabetes and insulitis (281). This is in contrast to
the suggestion that Poly [I:C] alone is only weakly effective in inducing diabetes in DR rats
and accelerating diabetes in DP rats (282-284), and delayed with anti-IFN-« antibody
administration (284). Adjuvants such as OK-432 and CFA prevent autoimmune disease in
NOD mice and BB rats by altering cell numbers and increasing cytokine production,
however, Poly [I:C] has opposite effects NOD mice and BB rats.

CYTOKINES AND DIABETES: Cytokines are polypeptide products released from
lymphocytes, macrophages and other immune cells and act in an autocrine, paracrine or
endocrine manner to regulate an immune response. Defects within this immunoregulatory
communication network could result in autoimmune disease.

INTERLEUKIN 1 (IL-1): Low-dose IL-1p treatment of DP rats starting from 25-35 days of
age prevented diabetes and insulitis (285, 286). In contrast, high dose IL-1p treaiment of
DP rats accelerates diabetes onset and induces thymic hypertrophy (286). One
mechanism in which low, but not high dose IL-1 administration may prevent against
diabetes development is by stimulating macrophage TNF production.

INTERLEUKIN 2 (IL-2): Interleukin 2 (IL-2) is a T lymphocyte-derived lymphokine which
acts as a T lymphocyte growth factor.

BB RATS: IL-2 administration to BB rats significantly increased the incidence of diabetes
by 120 days, enhanced insulitis characterized by a massive polymorphonuclear
granulocyte infiltration in addition to lymphocytes and macrophages, and also caused
inflammation of the exocrine pancreas (287). No significant differences in peripheral blood
leukocyte subsets were observed (287). Low dose or high dose IL-2 treatment of DP rats
did not accelerate or prevent diabetes development and high dose IL-2 treatment of DR-
BB rats was without effect (288). In contrast to these earlier reports, administration of IL-2,
while increasing the incidence of, and accelerating diabetes onset, in subline 1 BB rats,
prevented diabetes in subline 2 BB rats (289). However, IL-2 treatment enhanced exocrine
pancreatic tissue inflammation in both sublines (289). Subline 2 BB rats also demonstrated
increased IL-2 inhibitory activity and decreased serum thymosin «, and B, levels (289).

NOD MICE: IL-2 administration to NOD mice decreased diabetes and increased pancreatic
islet insulin levels (280). T lymphocytes from IL-2-treated NOD/Lt mice used as stimulator
cells, suppressed syngeneic MLR responses and also acquired suppressor function
through increased peritoneal macrophage IL-1 production (280).

IL-2 TRANSGENICS: The importance of IL-2 in diabetes development was demonstrated
in p-cells of mice which expressed an IL-2 transgene (290). Whereas the exocrine
pancreas of these mice was almost totally destroyed, insulin-containing islets remained
intact (290). Adult transgenic mice had extensive peri- and intra-islet infiltrates of small
lymphocytes but insignificant levels of IL-2. Severity of the pancreatitis was related to the
composition of the infiltrates and amount of IL-2 produced (290). Pancreatitis was similar
in mice expressing both islet cell Class | MHC allo-antigen and IL-2 transgenes (290). Mice
expressing islet cell Class | MHC allo-antigen, IL-2 and TcR transgenes developed severe
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diabetes as early as one week after birth indicating that T lymphocytes can destroy B cells
provided that these cells express both IL-2 and Class | MHC allo-antigen (290).

INTERFERONS (IFN): Human pancreases from recent-onset IDDM hyperexpressed Class
| MHC and IFN-a molecules and most insulin-staining p cells also stained for IFN-a (292).
A role for IFN-a in IDDM was investigated in mice islets expressing a human IFN-a
transgene (293). Hybrids of IFN-a transgene-expressing mice backcrossed to CD1 mice
became diabetic from 2-24 weeks of age with an incidence of diabetes of greater than
50% and insulitis was composed of a mononuclear infiltrate consisting mainly of CD4
lymphocytes (293). Treatment of these mice with an anti-IFN-« monoclonal antibody
significantly reduced the incidence of diabetes (293). These results indicate that directed
expression of IFN-a may be associated with diabetes development.

Transplantation of WF islets pre-treated with TGF-B for 7 days into Cs57BL/6J mice
increased islet survival and this was enhanced by anti-IFN-y mAb treatment (294). Animals
transplanted with a second islet graft after TGF-p -+ anti-IFN-y treatment also survived
(294).

Diabetes was prevented in anti-IFN-y antibody-treated BB rats and NOD mice (295, 296).
Insulitis was decreased and was associated with reduced Class Il MHC antigen expression
on islet cells and reduced Class | MHC antigen expression on islet and exocrine cells
(296, 297). Anti-IFN-y antibody-treated male NOD mice passively transferred with acute
diabetic mice spleen cells were also protected from developing diabetes (296).

IFN-y TRANSGENICS: Mice expressing B cell IFN-y transgenes had a lymphocytic
infiltration of the pancreas at about 3 weeks, and insulitis and peri-insulitis by 10-20 weeks
resulting in the loss of islet integrity and p cells (298). Transgenic mice backcrossed to
severe combined immune deficiency (SCID) mice demonstrate that infiltrating T
lymphocytes are responsible for islet destruction and also demonstrate that IFN-y impairs
glucose responsiveness of islets (298, 299). Histocompatible islets transplanted under the
kidney capsule of diabetic and pre-diabetic mice, and IFN-y/SCID mice were infiltrated by
lymphocytes, histiocytes, plasma cells and fibroblasts resulting in islet disruption and §
cell death (298). Both transgenic and non-transgenic mouse lymph node cells primed in
vitro with irradiated islets were able to kill untreated, but not protease-treated islet cell
targets in a CML assay suggesting that cell surface antigen expression on islet cells are
necessary for diabetes development (298).

Anti-CD3-treated islets isolated from cyclophosphamide (Cy)-treated NOD mice released
IFN-y and IL-6 (299). Treatment of Cy-treated NOD with an anti-IFN-y or anti-IL-6 antibody
significantly reduced diabetes and insulitis (299). NOD mice were also treated with IFN-y,
TNF-a, or IFN-y + TNF-a, and those IFN-y + TNF-e-treated NOD mice displayed a
lymphocytic and polymorphonuclear infiltration of the exocrine pancreas and intact insulin-
staining islets cells which had increased expression of MHC Class | and Class |l antigen
cell surface expression (300). This suggests that TNF-y administration reduced the
incidence of diabetes by reducing the degree of insulitis in NOD pancreas.

INTERLEUKIN 10 (IL-10): Interleukin 10 is an anti-inflammatory cytokine produced by Th,
lymphocytes, B lymphocytes and macrophages (165). Balb/c mice expressing islet celllL-
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10 transgenes developed insulitis starting 4-6 weeks of age characterized by a
macrophage infiltration followed at 2-3 months by CD4 and CD8 lymphocytes within the
exocrine pancreas and islets of Langerhan (165). Increased intercellular adhesion molecule
1 (ICAM-1) and MHC Class |l antigen expression, and increased secretion of von
Willebrand factor (VWF), expression of vascular addressins, and leukocyte adhesion
molecules were associated with the inflammatory foci (165). However, diabetes is
prevented and insulitis reduced in NOD mice administered IL-10 from 9 weeks of age to
25 weeks of age (30i). This suggests that IL-10 acts systemically rather than locally to
suppress effector cell activity to prevent diabetes and insulitis.

PROSTAGLANDINS: Prostaglandins inhibit the production of IL-2 and IFN-y from T,
clones without affecting IL-4 and IL-5 production by T, clones, and suppresses
macrophage TNF-« and IL-1 production (302, 303). BB rats treated with PGE,, or a PGE,
derivative have a greater incidence of diabetes with earlier onset and significant increases
in the absolute numbers of IL-2R*, Class Il MHC antigen-positive T, and T, lymphocytes
(304).

OTHER FACTORS: Thymosins are a group of a thymic hormones involved in the
maturation and differentiation of thymocytes (305). Thymosin fraction 5-treated BB rats are
not protected against diabetes development although the W3/25*:0X-8* cell ratio
increases (306). BB rats treated with macrophage-colony stimulating factor (M-CSF) from
40-100 days of age did not reduce the incidence or timing of diabetes onset (307).
However, treatment of NOD mice with murine GM-CSF reduced the incidence of diabetes
by 50% (270). Cortisone-treated BB rats were also not protected from diabetes
development (308). The inability of cortisone to protect against diabetes may be
associated with a point mutation in the corticosteroid binding globulin (CBG), reducing
corticosteroid binding to CBG by 33% (309).

TUMOUR NECROSIS FACTOR AND DIABETES

TUMOUR NECROSIS FACTORS: The TNF-a and TNF-B (lymphotoxin; LTe) genes are
single copy genes of about 3 kilobases (kb) consisting of four exons and three introns
closely linked within the MHC with TNF-8 &' to TNF-a (310). Mature TNF-a consists of 157
amino acids (aa; 156 aa in the rat), and gives rise to a 17 kDa protein whereas TNF-
(LTe), is 171 aa (169 aa in the rat), and gives rise to a 25 kDa protein (310). Native TNF-a
and TNF-B (LTe) exist as tightly packed trimers of 45 kDa and 66 kDa respectively (310).
TNF-« contains a 76 aa long precursor sequence (79 in rat), which serves as an anchor
for the non-glycosylated integral membrane-bound protein of 26 kDa, which is cleaved by
a serine proteinase to give rise to a 17 kDa released form (310). While human TNF-« exist
as 17 kDa and 26 kDa forms, murine TNF-a exist as 18.5 kDa, 21-25 kDa, 27 kDa, 29 kDa,
and 32 kDa forms which have been demonstrated to arise from differential (N)-linked
glycosylation and sialylation (311-314). However, no biological activities have been
attributed to these higher molecular weight forms.

Tumor necrosis factor g (TNF-p or LT«) contains a 34 aa precursor sequence (33 in rat),
containing a typical signal peptide sequence of secretory proteins and is processed and
released from cells in a manner characteristic of most secreted proteins (310). Recently,
a second form of TNF-B, called LT is 25-26 kDa protein of 224-244 aa long with a 15-19
aa N-terminal cytoplasmic domain, and can exist as both membrane-bound and released
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(trimer) forms (315, 316). LTa and LTP can form heterotrimers in &, P, ratio (315, 316).
Additional forms of TNF-p (LT«) have been described as 21.5 kDa, 23 kDa, 24 kDa, 26
kDa forms differing in the amount of (N)-linked glycosylation (317). No function has yet
been attributed to the higher molecular weight forms of TNF-p (LTa) or the newly

described LTB.

IMMUNOLOGY OF TUMOUR NECROSIS FACTORS: TNF-a is produced mainly by
macrophages and monocytes, with lesser amounts produced by T, CD4 and CD8 T
lymphocytes, B lymphocytes, NK cells, lymphokine-activated killer (LAK) cells, mast cells,
polymorphonuclear cells, keratinocytes, astrocytes, microglial cells, smooth muscle cells,
intestinal paneth cells, some tumours, endothelial cells and mesangial cells (310, 318,
319). The main producers of LT include T,, CD4 and CD8 T lymphocytes, B lymphocytes
and astrocytes (310).

Tumour necrosis factor alpha (TNF-«) treatment of mice reduces splenic CD4, CD8 and
B lymphocyte numbers and increases splenic monocytes numbers, inhibits T and B
lymphocyte proliferation in response to mitogens, NK cell- and CTL-mediated cytotoxicity,
without affecting humoralimmunity (320). TNF-a isamacrophage maturation/differentiation
factor (321), is important in T lymphocyte development (322), and participates in thymic
ontogeny by inducing apoptosis of double-negative and single positive thymocytes (323).
TNF-«¢ enhances Class I MHC antigen expression on immature lymphoid cells and
decreases it on mature lymphoid cells (324), and on bone-marrow derived and splenic
macrophages (325). Membrane-bound TNF-«¢ on activated CD4* lymphocytes is co-
stimulatory in IL-4-dependent Ig synthesis by B lymphocytes (326), and in macrophage
activation (327). Therefore, in vivo, systemic TNF and membrane-bound TNF-« can act
to immunomodulate immune responses which may be important in preventing
autoimmune disease.

ADMINISTRATION OF TUMOUR NECROSIS FACTOR: Tumour necrosis factor a alone,
or in combination with other pro-inflammatory cytokines such as IL-1 and/or IFN-y has
been shown to play a direct role as an effector molecule in islet cell kiling (141-1489, 155,
157, 158). However, the administration of mitogens such as LPSw or adjuvants such as
OK-432 or CFA to NOD mice protect against diabetes development, increase serum TNF
levels (269, 270), and release of TNF by splenocytes (275). Simultaneous administraiion
of OK-432 with an anti-TNF-a monocional antibody to NOD mice prevents OK-432-
mediated protection against diabetes development (269). The same level of protection
against diabetes in NOD mice could be obtained with administration of LPSw or TNF-a
(311). These results suggest a role for TNF-a in the protection of autoimmune diabetes
in the NOD mouse. Administration of TNF-a alone, or with IFN-y to NOD mice also
protected against diabetes and insulitis development with normal-appearing islet
containing intact insulin-producing p cells (300). Together, these results suggest that
locally produced TNF-a by islet infiltrating macrophages or lymphocytes can play an
effector role in p cell killing while systemic increases in TNF-a levels can protect against
diabetes by down-regulating effector responses and cellular immune function.

NOD mice or BB rats treated with TNF-a are nearly completely protected against diabetes

development and insulitis (270, 328, 329). Spleen cell subsets from BB rats are
significantly less cytolytic against YAC-1 and RINmSF cells (329). Transplantation of WF
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islets into C57BL/6J mice are protected from rejection if TNF-« is administered from 3-60
days post-transplantation (330). In contrast, administration of anti-TNF-« mAb significantly
increases insulitis in NOD mice (331). However, TNF-« and anti-TNF-a antibodies may
display dual personalities since administration of anti-TNF-« antibody from birth until 3
weeks of age prevents diabetes while administration of TNF-« during the same period
accelerates disease development by about 4 weeks and increases the incidence to 100%
(332). Furthermore, passive transfer of diabetes is prevented in young non-diabetic NOD
mice given diabetic NOD mouse splenocytes if the recipients are given TNF-« 3 days after
transfer (333).

Adminstration of LT (TNF-p) also significantly reduces diabetes and insulitis in NOD mice
and BB rats (334, 335), and increases the SMLR by NOD spleen cells (334). This suggests
that TNF-a and LT (TNF-B) production may be deficient in diabetes-susceptible animals
since stimulated serum and peritoneal exudate cell TNF/LT levels in NOD mice are
severely depressed compared to other mouse strains (270, 328). Stimulated TNF levels
by BB rat spleen cells are also depressed whereas stimulated BB rat serum TNF levels
are similar to Wistar rats (335). In contrast, it has been reported recently that BB rat
peritoneal and BM-derived macrophage TNF production is upregulated in comparison to
DR and WF rats (336). However, these DP rats were primed with Corynebacterium
parvum, a potent and chronic macrophage activator, 4 days prior to harvest (336). In
addition, cyclophosphamide treatment of DP rats also upregulates peritoneal macrophage
TNF production (63).

Upregulated TNF production by DP rat peritoneal macrophages can be suppressed in
culture by the addition of Wistar peritoneal macrophages or supernatants (337). The
suppressor factor which was determined to be PGE,, is significantly depressed in
Corynebacterium parvum-stimulated DP rats (337, 338). This is contrast to another report
that demonstrates that resident splenic adherent cells from DP rats produce TNF levels
comparable to WF, NEDH and Lewis rats whereas TNF production by DP peritoneal
macrophages were normal after 4 hours of culture but severely deficient at 18 hours of
culture (339). Furthermore, serum TNF levels is increased after stimulation in vivo only in
newly diabetic or long-term diabetic BB rats (340). This suggests that TNF production in
BB rats may be dysregulated rather than deficient or excessive. This suggests that other
factors such as PGE may be important in diabetes development.

TUMOUR NECROSIS FACTOR POLYMORPHISMS AND DIABETES: BB RAT TNF-a
GENES: The TNFAlocus of the rat maps between RT1.Dand RT.1£(341) and MHC Class
Il genes and both are thought to be involved in BB rat diabetes development (14, 22).
Restriction fragment length polymorphisms within the TNF-a« gene may correlate to the
proneness in developing IDDM. While there are no polymorphic differences between DP,
DR and Wistar rats, two polymorphisms are found to exist in a dinucleotide repeat found
in the TNF promoter region in DP rats that is thought to be associated with dysregulated
TNF-a production (63). Crosses between DP and LEW.1A rats resulted in TNF-a
dysregulation in those rats which carried either a homozygous or heterozygous BB rat
TNF allele (63). TNF gene dysregulation is not due to mutations in NF-kB2/CK-1, NF-kB2b,
NF-kB3, NF-kB4/CK-1, and Y-BOX regulatory elements in the TNF gene promoter region
and are not different from other rat strains (337, 338).
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NOD MOUSE TNF-a« GENES: Although there are interallelic upstream regulatory
polymorphisms in the microsatellite repeat of the TNF-a gene in NOD mice, they are not
different from non-obese nondiabetic (NON) mice (342). However, NOD mice do show a
unique heat shock protein 70 (HSP70) haplotype suggesting that this protein may be
associated with NOD diabetes (342).

HUMAN TNF-o« GENES: There are three distinct TNF microsatellite polymorphisms in the
human TNF gene and include TNFa, TNFb, and TNFc (343). High TNF-a release by
monocytes correlates with the TNFa2,a9, a13, and TNFc2 alleles, and HLA-DR3 and -DR4
haplotypes, whereas low TNF-a release correlates with TNFa1 and a6 alleles, and HLA-
DR2 and -DRS5 haplotypes (343). DR4-associated high TNF-« release alleles were more
frequently found in IDDM patients compared to controls (344). This suggests that in rat,
mouse and man, polymorphisms in TNF loci may play a role in determining susceptibility
to diabetes. In addition, HSP70 may also be a determining factor in NOD mouse diabetes
development.

TUMOUR NECROSIS FACTOR ALPHA AND BETA TRANSGENICS ANIMALS: At 3 weeks
of age, mice containing islet cell-directed TNF-« transgene expression had an infiltration
of Thylt* CD4* or Thyt* CD8* T lymphocytes of which few were IL-2R*, slg* B
lymphocytes and a few peripherally located macrophages, without changes in fasting
glycemias (345). Pancreases of hybrid mice derived from transgenic mice crossed with
SCID mice did not show any detectable lymphocytic infiltration (345). Cyclophosphamide-
treated transgenics did not develop diabetes, whereas some anti-CD3-treated transgenic
mice had a transient and mild hypoglycaemia (345). Some anti-CD3-treated transgenic
mice also treated with IL-2, rIL-18, or IFN-y showed a lymphocytic infiltration without f cell
damage or hyperglycaemia (345). Furthermore, no increase in diabetes development was
observed in streptozotocin-treated transgenic mice or in mice expressing islet cell-directed
TNF-a and LCMV-GP transgenes, even after IFN-y treatment (345).

Mice expressing P cell-directed TNF-B transgenes and TNF-B mRNA and protein,
produced insulitis which was characterized both CD4* and CD8* lymphocytes and B220*
IgM* lymphocytes, without producing overt diabetes (346). In a different strain of mice
expressing islet cell-directed TNF-a transgenes, TNF-« mRNA and protein was expressed
by islets and insulitis present throughout the islet was characterized by CD4", cDs*,
B220*/IgM* B cells and some macrophages (347). Although the infiltrating cell phenotypes
were the same, numbers were 100-fold greater in TNF-a transgenic compared to the TNF-
B transgenic mice (347). Endothelial cells in the islets of TNF-a and TNF-B transgenics
expressed vascular cell adhesion molecule-1 (VCAM-1), ICAM-1 and Class |i MHC
antigens (347). While insulitis in TNF-a and peri-insulitis in F, TNF-§ mice on a NOD
background were similar to the original transgenics, none of these F, progeny became
diabetic (347). In contrast, 2 of 4 double mice expressing islet-directed TNF-a and LCMV-
GP transgenes, and infected with vaccinia virus glycoprotein (vacc-gp) to increase
lymphocyte traffic, became diabetic (348). This suggests that islet cell-directed TNF-«/B
expression can recruit lymphocytes resulting in different patterns of insulitis, a second
event is necessary for diabetes development. This second event may be inappropriate or
cryptic antigen expression on the islet cell itself, and together, these events lead to insulitis
and diabetes development.
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STATEMENT OF THE PROBLEM

Insulin-dependent diabetes meliitus (IDDM) is a polygenic autoimmune disease involving
macrophages and lymphocytes, and their secreted protein products, cytokines. Together,
macrophages and lymphocytes directly, or through their cytokines specifically and
selectively destroy the insulin-producing pancreatic beta cells of the islets of Langerhans.

A mononuclear infiltrate comprised mostly of Class | and Class Il major histocompatibility
complex (MHC)-positive macrophages is first observed in the islets of Langerhans just
prior to, and during the earliest stages disease onset. Later, Class Il MHC-positive
lymphocytes are found in the lesions. This implies an important role for the macrophage
in diabetes. It has also been demonstrated in vitro that macrophage cytokines, namely,
interleukin 1 (IL-1) and tumour necrosis factor alpha (TNF-a) alone, or in synergy with a
lymphocyte cytokine, interferon gamma (IFN-vy), results in pancreatic beta cell killing.

More recently however, it has been demonstrated that administration of macrophage
activators or chronic administration of TNF-a to diabetes-prone BB rats and non-obese
diabetic (NOD) mice protects against the development of insulin-dependent diabetes
mellitus (IDDM). Macrophages derived from NOD mice produce lower levels of TNF-« after
stimulation in vitro. This suggests that deficient TNF-a production by macrophages may
participate in disease development, and more importantly, TNF-a may be a beneficial
cytokine by protecting the insulin-producing beta cell from activated autoreactive T
lymphocytes.

This Doctor of Philosophy in Medical Sciences thesis research was designed to evaluate
the capacity of different lymphoid cells to produce tumour necrosis factor. The objective
of these studies was to identify whether tumour necrosis factor production is dysregulated
in the BB rat model of IDDM, which cells produce dysregulated amounts of TNF, and
whether non-specific immunostimulation with complete Freund'’s adjuvant (CFA) corrects
this dysregulation.

Experiments were done in following ways: TNF levels were measured in culture
supernatants and cell cytosol of peritoneal cells and splenocytes from BB rats stimulated
in vivo, and in culture supernatants, cell cytosol, and membrane fractions by peritoneal
cells, splenocytes, and thymocytes from saline- or CFA-treated BB rats stimulated in
culture. Studies were extended to determine whether TNF levels in peritoneal cells from
adult non-diabetic diabetes-prone BB rats were sufficient to prevent diabetes.

Additional experiments were done to characterize deficient TNF production in BB rat
peritoneal cells. Two-colour flow cytometry was used to determine whether a deficiency
exists in lipopolysaccharide and CD14 receptors expression on peritoneal cells and
whether CFA corrects this deficiency. In addition, TNF levels were measured in peritoneal
cells after stimulation with cytokines or with protein kinase and calcium channel agonists
to determine whether defects exist in signal transduction pathways or whether TNF
production in these cells was suppressed by other factors such as prostaglandins.

Studies were also done to determine whether CFA protects against diabetes development

in BB rats through increased TNF production. Therefore, a polyclonal antibody to TNF-a
was chronically administered in order to reverse the CFA-mediated protection.
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CHAPTER 2
MATERIALS AND METHODS

ANIMALS
Diabetes-prone (DP) and diabetes-resistant (DR) sublines of Wistar-derived BB rats were

obtained directly from, or in house from breeding pairs obtained from the NIH contract
colony (BB/Wor) at the University of Massachusetts Medical School, Worcester,
Massachusetts (Dr. A. A, Like). All DP and DR rats are viral antibody-free (VAF) and were
housed and maintained under VAF conditions at the University of Alberta Health Sciences
Laboratory Animal Services (HSLAS), were weaned at 17-21 days of age, and male and
female rats from each litter were divided randomly into different experimental groups.
Older DP and DR (ages 182-220 days) failed to develop diabetes and were
normoglycaemic. Wistar Furth (WF) and LEWIS rats (Charles River, CA)) are VAF and were
housed and maintained under VAF conditions. BB (DP and DR), and WF are u haplotype
and LEWIS rats are / haplotype at RT1 (3).

TREATMENT WITH COMPLETE FREUND'S ADJUVANT (CFA)

Diabetes-prone and DR rats were treated with CFA as described (273). Briefly, DP and DR
rats (ages 22-28 days) were injected intraperitoneally with 100 uL/50 g body weight of
either CFA (Difco Laboratories, Detroit, ML) or sterile saline (PBS). Rats were used in
experiments 10-14 days later.

PREPARATION OF CELLS

Rats were anaesthetized by peritoneal or subcutaneous injection of Somnotol (50 mg/kg;
M.T.C. Pharmaceuticals, Cambridge, ON.) and peritoneal cells removed under aseptic
conditions. Fifty mL of ice-cold sterile Ca?** and Mg?* -free phosphate buffered saline
(PBS) containing 22 mM ethanolamine disodium tetra-acetic acid, (EDTA, Sigma
Chemicals, St. Louis, MO.), or Dulbecco’s PBS (D'PBS) was injected into the peritoneal
cavity using an 18 gauge needie (Becton Dickinson, Rutherford, N.J.), the peritoneum was
gently massaged for 2-3 minutes, the contents were slowly withdrawn, placed in a 50 mL
sterile conical centrifuge tube (Becton Dickinson) and stored on ice until needed.
Peritoneal cells were collected from untreated, PBS-, or CFA-treated DP and DRrats, ages
23-45 days of age for young rats (DR-YOUNG and DP-YOUNG), from ages 182-220 days
of age for old rats (DR-OLD and DP-OLD), from WF and LEWIS rats.

Red blood cells were lysed by hypotonic shock with an ammonium chloride solution (ACK)
consisting of 1.0 mL of ACK solution (8.29 g NH,CI [Fisher, Edmonton, AB.}, 1.00 g
KHCO, [Fisher], 0.367 g EDTA, brought to a final volume of one litre with double distilled
water, adjusted to pH = 7.4), and filter-sterilized (349). One mL of ACK solution was
added to a soft pellet of peritoneal cells obtained from one lavage, vortexed, and
incubated at room temperature for 2 minutes. Forty-nine mL of ice-cold Hank's buffered
saline solution (HBSS; Gibco, Burlington, ON.) was added and the cells centrifuged at
1400 rpm for 10 minutes at 4°C, the supernatant aspirated, and the washing procedure
repeated twice more to remove remaining red cell membranes. After the last wash,
peritoneal cells were resuspended in Iscove’s modified Dulbecco’s medium (IMDM; Gibco)
supplemented with 10% (v/4) heat-inactivated fetal bovine serum (Gibco) and 0.05 g/mL
gentamycin (complete medium) and stored on ice.
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Peritoneal cell number and viability was determined using the trypan blue exclusion
method and always exceeded 95%. In some experiments, peritoneal macrophages were
enriched (> 75% purity) from peritoneal cells by centrifugation on a Ficoll-Hypaque
(Pharmacia, Pointe Claire, QC.) density gradient (350).

Splenectomies and thymectomies were performed using standard aseptic dissecting
techniques. Rats were anaesthetized as above. Spleens or thymuses were excised and
placed in sterile 10 mL round bottom tubes (Fisher) containing ice-cold sterile HBSS. A
single cell suspension was prepared by passing the spleen through a stainless steel sieve
(Sigma). Tissue fragments and debris were allowed to settle out and the cell suspension
was transferred to a sterile 50 mL conical tube and centrifuged at 1600 rpm for 10 minutes
at 4°C. Red blood cells were removed as described above. Cell number and viability was
determined using the trypan blue exclusion method and always exceeded 95%.

IN VITRO ACTIVATION OF CELLS

Peritoneal cells were incubated for 1.5, 3, 6, or 18 hours in complete medium alone, in
medium containing recombinant murine interferon-gamma (IFN-y;100 U/mL of 10° U,
specific activity 4.7 X 10° U/mg; Genentech, South San Francisco, CA.), endotoxin-
inactivated lipopolysaccharide-Salmonella minnesota (LPS; 0.5 ug/mL; Sigma), IFN-y +
LPS, recombinant human interleukin-2 (IL-2; 1000 U/mL from a stock of S000 U/mi,
Genzyme, Boston, MA.), IL-2 + IFN-y, IL-2 + LPS, phorbol, 12-myristate, 13-acetate (PMA;
10 ng/mL; Sigma), A23187 (5 uM; Sigma), PMA + A23187, indomethacin (5 ug/mL,
Sigma) or indomethacin + LPS in 24-well tissue culture flat-bottom plates (Corning Glass
Works, Corning, NY.) in a humidified incubator at 37°C and gassed with 95% air and 5%
CO,. After incubation, media were collected and frozen at -70°C until assay for TNF
content. An identical volume of fresh complete medium was added to each well and the
plate frozen at -70°C until assay for cytosolic and membrane TNF content.

Spleen cells were incubated for 1.5, 3, 6, or 18 hours in complete medium alone, in
medium containing IFN-y (100 U/mL), LPS (0.5 ug/mL), IFN-y + LPS, concanavalin A
(Con A; 5 ug/mL,; Sigma) or phytohemagglutinin (PHA; 4 ug/mL; Sigma) in 24 well tissue-
culture flat-bottom plates (Corning) in a humidified incubator at 37°C and gassed with 95%
air and 5% CO,. After incubation, media were collected and frozen at -70°C until assay for
TNF content. An identical volume of fresh complete medium was added to each well and
the plate frozen at -70°C until assay for cytosolic and membrane TNF content.

Thymocytes were incubated for 1.5, 3, 6, or 18 hours in complete medium alone, in
medium containing IFN-y (100 U/mL), LPS (0.5 ug/mL), IFN-y + LPS, concanavalin A
(Con A; 6 ug/mL; Sigma) or phytohemagglutinin (PHA; 4 ug/mL; Sigma) in 6 well tissue
culture flat-bottom plates (Corning) in a humidified incubator at 37°C and gassed with 95%
air and 5% CO,. After incubation, media were collected and frozen at -70°C until assay for
TNF content. An identical volume of fresh complete medium was added per well and the
plate frozen at -70°C until assay for cytosolic and membrane TNF content.

PREFPARATION OF CELLULAR COMPONENTS

Cytosolic and membrane fractions of peritoneal and spleen cells, and thymocytes were
prepared by rapid thawing at room temperature. The plates were centrifuged at 3000 rpm
for 30 minutes at 4°C and the supernatants containing the cytosolic fractions were
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carefully removed to avoid resuspending the cellmembranes and placed into sterile 4 mL
tubes (Fisher) and placed on ice. The volume of medium that was removed was replaced
with the same volume of ice-cold complete medium, and the cell membranes removed
from the well bottoms by repeated scraping and aspiration. Membrane fractions were
transferred to sterile 4 mL round bottom tubes and placed on ice until needed.

STIMULATION OF RATS BY INJECTION IN VIVO
Three methods were used to stimulate in vivo TNF release into the sarum and production

by peritoneal and spleen celis.

A) In some experiments, DP, DR, WF and LEWIS rats (ages 25-40 days) were injected
intravenously (tail vein) with (a) 1.0 mL sterile D'PBS followed 2 hours later by 1.0 mL
D'PBS, (b) 1.0 mL D'PBS followed 2 hours later by 1.0 mL D'PBS containing LPS
(500 ug), (c) 1.0 mL D'PBS containing IFN-y (10° U) followed 2 hours later by 1.0mL
D'PBS, or (d) 1.0 mL D'PBS containing IFN-y (10° U) followed 2 hours later by 1.0
mL D'PBS containing LPS (500 ug). Two hours after the last injection, animals were
anaesthetized and blood withdrawn by cardiac puncture using an 18 gauge needle
attached to a 10 mL syringe. The blood was transferred to a sterile 10 mL round
bottom tube (Fisher) and incubated at room temperature for 20 minutes to allow
clotting and on ice for an additional 30 minutes to allow clot contraction. Serum was
transferred to sterile 1.5 mL centrifuge tubes (Fisher) and frozen at -70°C until assay
for serum TNF and corticosterone content. Peritoneal cells and spleens were
removed and cells were prepared by the methods described.

B) In other experiments, DP, DR, WF and LEWIS rats were (ages 25-40 days) were
injected intravenously (tail vein) with 1.0 mL D’PBS or D'PBS containing LPS (500
ug). After 0.5, 1.0, 1.5 and 2.0 hours, rats were anaesthetized and blood withdrawn
by cardiac puncture and processed as described above. Peritoneal cells were
obtained and prepared as described above.

C) Finally, DP, DR, CFA-treated DP and DR, WF and LEWIS rats were (ages 25-40
days) were injected intravenously (tail vein) with 1.0 mL D'PBS containing LPS (500
ug). After 0.5, 1.0, 1.5 and 2.0 hours, rats were decapitated and bled into 10 mL
Vacutainer tubes (Becton Dickinson), incubated at room temperature for 20 minutes
followed by 30 minutes on ice. Tubes were centrifuged at 1800 rpm for 30 minutes
at 4°C, the serum removed and sterilized by filter centrifugation at 14, 000 rpm for
1 minute using 1.5 mL centrifuge tubes containing a 0.22 um filter attachment
(Costar; Cambridge, MA.). Sterile sera were aliquoted into sterile 1.5 mL centrifuge
tubes and frozen at -70°C until assay for TNF or corticosterone content. Peritoneal
cells were obtained and prepared as described above. Sera and peritoneal cells
prepared from unmanipulated animals served as 0 hour controls.

TUMOUR NECROSIS FACTOR (TNF) ASSAY

TNF concentrations in cellincubation media were determined by a highly sensitive cytolytic
bioassay (murine TNF-a detection limit 0.2 pg/mL and TNF-B limit, 0.05 pg/mL) specific
for TNF, by using an L929 subclone, L929-8 (351). L929-8 cells were grown to log phase
in complete medium, the monolayer washed once with warm D'PBS, dispersed in Ca?*
and Mg?* -free PBS containing 0.05% (w/) trypsin and 0.02% (w/) EDTA (Gib~")

30



washed, and plated at a density of 5 X 10* cells/50 uL/well in complete medium
supplemented with 2 ug/mL actinomycin D (Sigma) in 96-well tissue culture flat-bottom
plates (Corning). After 1 hour of pre-incubation at 37°C, serial dilutions of sample media
(50 uL) were added to the L929-8 cells. For sera, the starting dilution was 1:32 since lower
dilutions affected the growth and respor. 2 of L929-8 cells to TNF (personal observation).
Recombinant murine TNF-« (specific activity 1.2 X 107 U/mg, Genentech) standards were
included in each assay plate. The plates were incubated for an additional 18 hours at
37°C, then 50 uL of 0.05% (w/V) neutral red (Sigma) in normal saline was added to each
well. The plates were incubated for an additional 2 hours at 37°C, then the media were
decanted, the plates washed twice with PBS and 100 uL of 50% (v/¥) ethanol in 0.05 M
sodium phosphate was added. The optical density (O.D.) was determined
spectrophotometrically (reference wavelength = 650 nm; sample wavelength = 450 nm)
on a Molecular Devices Vmax kinetic microplate reader (Molecular Devices, Menlo Park,
CA.). TNF concentrations were calculated from the O.D. read against the TNF standard
curve by extrapolation from a log-logit fit of the standards using the plate reader internal
analysis program. All samples (released, cytosol, membrane, sera) were assayed for TNF
content within 2 weeks of the experiment.

INDUCTION OF TOLERANCE TO IMMUNOGLOBULINS (lg) IN NEONATAL RATS
Diabetes-prone and DR rats were bred at the University of Alberta HSLAS. Within 24 hours
of birth, new-born pups were tolerized by intraperitoneal injection of 2 mg/pup de-
aggregated rabbitIg or sheep Ig (352). De-aggregated and aggregated fractions of whole
rabbit Ig (19.8 mg/mL; Pierce, PD! Bioscience, Edmonton, AB.) or whole sheep Ig
(Jackson Immuno Research, West Grove, PA.) were prepared by ultracentrifugation in a
8M Ultracentrifuge (Beckman, Palo Alto, CA.) at 100, 000 X g for 3 hours at 4°C. The
upper third of the supernatant containing the de-aggregated immunoglobulin (Ig) was
removed, filter sterilized and stored at 4°C until needed (353).

QUANTITATION OF RABBIT IMMUNOGLOBULINS (lg) BY ENZYME-LINKED
IMMUNOSORBENT ASSAY (ELISA)

Immulon 3 96 well plates (Dynatech Laboratories, Chantilly, VA.) were coated with 5 ug/mL
of a goat anti-rabbit Ig (1.6 mg/mL; Accurate Chemical Co., Westbury, NY.) in PBS pH =
7.4, covered, and incubated in a humidified incubator at 37°C for 30 minutes. The coating
antibody was decanted and non-specific binding sites were blocked by adding 100 uL/well
of PBS-20% FBS and incubated for an additional 10 minutes in a humidified incubator at
37°C. The PBS/FBS was decanted and the plate was washed 4 times with 200 ul/well
PBS-0.05% Tween-20 (Sigma). Serial dilutions (50 uL/well) of samples (PBS pH = 7.4 +
8% [v/v] FBS) were added to the plates and incubated for 30 minutes in a humidified
incubator at 37°C. After incubation, supernatants were decanted and the plate was
washed 4 times with 200 uL/well with PBS-0.05% Tween-20. Fifty ul/well of a 1 ug/mL
second antibody (0.7 mg/mL biotinylated swine anti-rabbit Ig; Accurate, in PBS pH = 7.4,
1% [w/v] bovine serum albumin (BSA; Sigma], 0.05% [v/v] Tween-20) was added to the
wells and the plate incubated for 30 minutes in a humidified incubator at 37°C. After
incubation, supernatants were decanted and the plate was washed 4 times with 200 uL/
well with PBS-0.05% Tween-20. Seventy-five ulL/well of a 0.5 ug/mL streptavidin-
horseradish peroxidase (Biomeda, Foster City, CA.; prepared in PBS pH = 7.4, 1% [v/V]
BSA, 0.05% [v/v] Tween-20) was added to each well and the plate incubated for 30
minutes in a humidified incubator at 37°C. After incubation, supernatants were decanted
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and the plate was washed 4 times with 200 uL/well with PBS-0.05% Tween-20. After the
last wash, 100 uL of a 1 mg/mL solution of 2,2'-Azino-bis-[3-ethylbenthiazoline-6-sulfonic
acid](ABTS; Sigma) prepared in 11 mL of Na,HPO,7H,0 (53 g/L; Fisher), 14 mL of citric
acid (21 g/L; Fisher), 5 uL hydrogen peroxide (30% [v/], Fisher) and 25 mL distilled
water. The plate was developed at room temperature and the reaction was stopped by
adding 50 ulL/well of citric acid (42 g/L). Serial dilutions of normal rabbit Ig (20 mg/mL;
Accurate) was used as a standard control antibody and were included in each plate.
Other controls included the omission of the coating antibody, the second antibody,
streptavidin-horseradish  peroxidase, or ABTS. The O.D. were determined
spectrophotometrically (sample wavelength = 405 nm and a reference wavelength = 490
nm) using a microplate reader (Molecular Devices). Immunoglobulin concentrations in the
samples were determined by extrapolation from a log-logit fit of the standards using the
plate reader internal analysis program.

PRODUCTION OF RABBIT ANTI-MURINE TUMOURNECROSIS FACTOR-a POLYCLONAL
ANTISERA

Rabbits were immunized by the method described (354). The immunization procedure
conforms to University of Alberta HSLAS and Canadian Council on Animal Care guidelines
and was approved by the University of Alberta Bioethics Review Committee. Viral antigen-
free New Zealand White rabbits of about 2 kg body weight (Charles River) were
immunized intramuscularly with 165 ug recombinant murine TNF-« in CFAin a volume of
0.65 mL and a control rabbit was immunized intramuscularly with 0.65 mL of incomplete
Freund's adjuvant (IFA; Difco). Rabbits were again immunized intram uscularly with 165 ug
recombinant murine TNF-« in CFA in a volume of 0.65 mL 9-13 days later. Sixty days after
the second immunization, rabbits were immunized subcutaneously at 5 different sites with
150 ug TNF-a in IFA (30 ul/site). Five days after the second immunization and 8 days
after the third immunization, rabbits were bled and sera prepared to test rabbit antiserum
neutralizing activity against TNF-« in the L929-8 TNF bioassay. Twenty-four hours prior to
exsanguination, rabbits were fasted. Rabbits were anaesthetized with a Rompun Cocktail
[(40 mg/kg Ketamine (Ayerst, St. Laurent, QC.), 8 mg/kg Rompun (Bayvet, Etobicobe.
ON.), and 0.5 mg/kg Atravet (Ayerst)] and exsanguinated. After exsanguination, the rabbits
were humanely sacrificed with a pentobarbital (M.T.C. Pharmaceuticals) overdose.

DETERMINATION OF TNF-& NEUTRALIZING ACTIVITY IN RABBIT SERA

Rabbit sera prepared prior toimmunization (pre-immune bleed), after the second and third
test bleeds and after exsanguination were used to determine specific neutralizing activity
against TNF-a in the L929-8 TNF bioassay. Briefly, L929-8 cells were prepared as
described for the TNF assay. Serial dilutions of the antisera (30 uL) from individual rabbits
were added to wells containing 8 or 50 pg/mL. (30 ul) recombinant murine TNF-a. TNF
and antiserum were mixed directly in the wells of a 96 well tissue culture plate and
incubated for 1 hour in a humidified incubator at 37°C. After 1 hour, 50 uL volumes of the
TNF/test antisera mixture were added to wells containing L929-8 cells, and the plates
incubated for an additional 18 hours. Standards consisted of 5, 2, 1, 0.5, 0.2, 0.1 and
0.001 pg/mL TNF-¢ and the control consisted of cells alone and were included in each
assay plate. The O.D. were determined spectrophotometrically (sample wavelength = 405
nm and a reference wavelength = 490 nm) using a microplate reader (Molecular Devices).
The O.D. from the standard curve were read and converted to percent viability.
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Neutralizing activity were read as O.D. values and percent viability extrapolated from the
standard curve. Neutralizing activities were expressed as titers (1/dilution).

AMMONIUM SULPHATE PRECIPITATION OF IMMUNOGLOBULINS (Ig) FROM RABBIT
SERA

Immunoglobulin semi-purification by ammonium sulphate, (NH,),SO,, precipitation was
done using standard techniques (355). Rabbit serum was poured into a sterile 500 mL
glass beaker (Corning), containing a sterile teflon-coated stir bar (Fisher). The beaker was
placed on a stir plate and while stirring gently allowed to cool to 4°C. Analytical grade
(NH,),SO,, (Mallinckrodt GenAr, Pointe Claire, QC.) was slowly added over a 6 hour
period with constant stirring until 33% saturation (1.3 M) was obtained. The precipitated
serum was stirred gently overnight at 4°C, the slurry transferred to sterile round bottom
centrifuge tubes (Fisher) and centrifuged at 10, 000 X g for 30 minutes at 4°C. The
supernatant was decanted and the precipitate dissolved in about one-third the original
serum volume in sterile saline, transferred to triple-washed, sterile dialysis tubing with a
molecular weight cutoff of 50, 000 (Spectra, Fisher) and dialysed against sterile PBS.
Dialysis was done with constant stirring at 4°C over a 3 day period with 2 changes of
buffer/day. Typically, 50 mL volumes of sample were dialysed against 10 L PBS, changed
twice daily for 3 days.

DETECTION OF RABBIT ANTI-TNF IMMUNOGLOBULINS IN (NH,),SO, PRECIPITATED
RABBIT SERA AND IN RAT SERA BY ELISA

The method used to detect anti-TNF-« Ig in (NH,),SO, precipitated rabbit sera and in rat
sera is similar to that described above for quantitation of rabbit Ig except plates were
coated with 50 ulL (25 ng/mL murine TNF-a in PBS pH = 7.4), covered, and incubated in
a humidified incubator at 37°C for 30 minutes. Supernatants were decanted and non-
specific binding sites were blocked by adding 100 uL/well of PBS-20% FBS and incubated
for an additional 10 minutes in a humidified incubator at 37°C. The PBS/FBS was decanted
and the plate was washed 4 times with 200 uL/well PBS-0.05% Tween-20 (Sigma). Serial
dilutions (50 uL/well) of rabbit or rat sera and a standard rabbit polyclonal antisera to
murine (NF-a prepared in PBS (pH = 7.4 + 8% [w/V] FBS) were added to the plates and
incubated for 30 minutes in a humidified incubator at 37°C. Afte” incubation, supernatants
were decanted and the plate was washed 4 times with 200 uL/well with PBS-0.05% Tween-
20. Fifty uL/well of a 1 ug/mL second antibody (0.7 mg/mL biotinylated swine anti-rabbit
lg; Accurate; in PBS pH = 7.4, 1% [v/V] bovine serum albumin [BSA; Sigina], 0.05% [v/V]
Tween-20) was added to the wells and the plate incubated for 30 minutes in a humidified
incubator at 37°C. After incubation, supernatants were decanted and the plate was
washed 4 times with 200 uL/well with PBS-0.05% Tween-20. Seventy-five uL/well of a 0.5
ug/mL streptavidin-horseradish peroxidase (Biomeda; prepared in PBS pH = 7.4, 1% [v/
v] BSA, 0.05% [v/v] Tween-20) was added to each well and the plate incubated for 30
minutes in a humidified incubator at 37°C. After incubation, supernatants were decanted
and the plate was washed 4 times with 200 uL/well with PBS-0.05% Tween-20. After the
last wash, 100 uL of a 1 mg/mL solution of 2,2'-Azino-bis-[3-ethylbenthiazoline-6-sulfonic
acid](ABTS; Sigma) prepared in 11 mL of Na,HPO,7H,0 (53 g/L; Fisher), 14 mL of citric
acid (21 g/L; Fisher), 5 uL hydrogen peroxide (30% [v/v]) and 25 mL distilled water. The
plate was developed at room temperature and the reaction was stopped by adding 50 ul/
wel! of citric acid (42 g/L). Controls included the omission of the coating antigen, the
second antibody, streptavidin-horseradish peroxidase, or ABTS. The O.D. were
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determined spectrophotometrically (sample wavelength = 405 nm and a reference
wavelength = 490 nm) using a Molecular Devices microplate reader (Molecular Devices).
Anti-TNF-a antibody concentration in the samples were estimated from the standard rabbit
polyclonal anti-TNF-a antibody by extrapolation from the x-intercept of the dilution factor

(logye) vs. O.D. program.

TREATMENT OF BB RATS WITH RECOMBINANT TUMOUR NECROSIS FACTOR-«

BB rats were treated with TNF-a as described (329). Nineteen DP rats were treated daily
by intraperitoneal injection with 200 uL recombinart human TNF-a (5 X 10* U; specific
activity 4.7 X 10° U/mg; kindly provided by Genentech, South San Francisco, CA.),
prepared in PBS containing 1% (vA) DP rat serum and 18 DP rats were treated with PBS
containing 1% (V) DP rat serum from 50-110 days of age. Rats were monitored daily for
glucosuria and positive rats were confirmed by measuring blood glucose levels for
hyperglycaemia. Rats having blood glucose levels > 170 mg/dL were considered diabetic.

TREATMENT OF RATS WITH A POLYCLONAL ANTISERUM TO TUMOUR NECROSIS
FACTOR-«

The effect of anti-TNF antisera on diabetes development in PBS-treated and CFA-treated
DP rats was tested by the following three methods. New-born rats were tolerized to rabbit
or sheep immunoglobulin as described above.

METHOD 1: 14 DP rats were treated once intraperitoneally with 100 uL. of sterile PBS and
followed to 120 days for diabetes development; 13 DP rats were treated once
intraperitoneally with 100 uL of CFA and followed to 120 days for diabetes development;
one group of 14 DP rats were treated once intraperitoneally with 100 uL of CFA and then
3times/week intraperitoneally with 300 uL of a semi-purified [(NH,) ,S0,-precipitated) rabbit
anti-murine TNF-a antisera from 26 days of age until 120 days; and one group of 18 DP
rats were treated once intraperitoneally with 100 uL of CFA and then 3 times/week
intraperitoneally with 300 ul of a semi-purified [(NH,),SO-precipitated) normal rabbit
serum from 26 days of age until 120 days of age. Rats were monitored daily for glucosuria
and positive rats were confirmed by measuring blood glucose levels for hyperglycaemia.
Rats having blood glucose levels > 170 mg/dL were considered diabetic.

METHOD 2: 12 DP rats were treated intraperitoneally with 100 uL of sterile PBS 3 times/
week from 26 days of age until 110 days of age; one group of 14 DP rats were treated
intraperitoneally with 200 uL of normal sheep serum 3 times/week from 26 days of age
until 110 days of age; and one group of 17 DP rats were treated intraperitoneally with 200
uL sheep anti-ri;" . i@ TNF-a antisera as described eisewhere (356) 3 times/week from 26
until 110 days of =;je. Rats were monitored daily for glucosuria and positive rats were
confirmed by measuring blood glucose levels for hyperglycaemia. Rats having blood
glucose levels > 170 mg/dL were considered diabetic.

METHOD 3: 10 DP rats were treated once intraperitoneally with 100 uL of sterile PBS at
26 days of age and followed to 110 days of age for diabetes development; 48 DP rats
were treated once intraperitoneally with 100 uL of CFA at 26 days of age and 17 became
diabetic by 81 days of age; at 81 days of age, one group of 9 DP rats were treated 3
times/week intraperitoneally with 300 uL of a normal sheep serum until 110 days of age;
and at 81 days of age, one group of 12 DP rats were treated 3 times/week
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intraperitoneally with 300 uL of a sheep anti-murine TNF-a antisera until 110 days of age.
The remaining 10 CFA-treated DP rats were followed to 110 days of age for diabetes
development. Rats were monitored daily for glucosuria and positive rats were confirmed
by measuring blood glucose levels for hyperglycaemia. Rats having blood glucose levels
> 170 mg/dL were considered diabetic.

RADIOIMMUNOASSAY OF PROSTAGLANDIN E, (PGE,)

Samples that were assayed for TNF levels were submitted to Dr. D. W. Sadowsky,
Department of Obstetrics and Gynaecology, Perinatal Research Centre, University of
Alberta for determination of PGE, levels. Quantitation of PGE, was performed using a
specific radioimmunoassay (357). Briefly, non-extracted samples, standards (PGE,
Cayman Chemical, Ann Arbor, M!}, antibody (anti-PGE, used a 1:4500; a kind gift from
T.G. Kennedy, London, ON.) and trace ([5, 6, 8, 11, 12, 14, 15-N-°H}]-PGE,, specific activity
140 mCi/mmol; Amersham Canada, Oakville, ON.) were added to appropriate tubes and
were vortexed. Samples were incubated for 30 minutes at room temperature and for an
additional 3 hours at 4°C. Bound and free PGE, were separated by the addition of 2 mg/
tube/15 minutes of dextran-coated charcoal. After incubation, the tubes were centrifuged
using Sep-Pak C18 cartridges (Waters-Millipore; Milford, MA), and 3 mi of liquid
scintillation fluid (OptiPhase 'HiSafe’ 3 (LKB Scintillation Products (Loughborough,
England) was added to the bound fraction. The tubes were counted on the Beckman
LS5000TD liquid scintillation counter and the results were analyzed using its internal RIA
program. The assay has a sensitivity, defined as greater than two standard deviations
from Bmax, of less than 5 pg, an inter-assay coefficient of variation of 5% at 500 pg, and
an intra-assay coefficient of variation of 4% at 500 pg. Blank binding at this dilution of
antibody was 40-50%, while the nonspecific binding was <4% of the total radioactivity
added to each RIA tube.

RADIOIMMUNASSAY OF SERUM CORTICOSTERONE

Samples that were assayed for serum TNF levels were submitted to Dr. S. Harvey, Dept.
Physiology, University of Alberta for determination of serum corticosterone levels from
unstimulated and stimulated rats. Quantitation of serum corticosterone levels was done
by using the method described (358). [1, 2, 6, 7-*H]corticosterone (New England Nuclear,
Boston, Mass, 1000 counts/min) was added to duplicate 75 uL portions of each plasma
sample before extraction to determine efficiency of recovery of corticosterone. The
samples were twice extracted with 1 mL redistilled ethanol and following centrifugation the
combined supernatant fractions were evaporated under a stream of air in 15 mL conical
glass centrifuge tubes at room temperature. The residue was concentrated in 200-300 uL
redistilled ethanol and evaporated to dryness again. The residue was redissolved in 200
uL iso-octane:methanol: benzene (8:1:1 by volume), applied to a Sephadex LH-20 column
(3.5 X 0.8 cm) and eluted with the same solvent. The elution profile of corticosterone on
these columns was characterized using pure corticosterone, which did not cross-react in
the assay (< 0.09 ng/mL), in charcoal-stripped serum (blank serum). The first 12 mL of
the eluate were discarded and the next 12 mL collected. The elution patterns of pure [1«,
2-°H]11-deoxycorticosterone (DOC; The Radiochemical Centre, Amersham, Bucks; 1.3-
2.2 TBg/mmol), [1, 2, 6, 7-*H]cortisol (The Radiochemical Centre, 3-3.9 TBg/mmol), [4-
4C]cholesterol (The Radiochemical Centre, >1.85 TBg/mmol), [1, 2-°H]aldosterone (The
Radiochemical Centre, >1.5-2.2 TBg/mmol), and [1, 2, 6, 7-*H]progesterone (The
Radiochemical Centre, 3-4.1 TBg/mmol) added to and extracted from blank plasma did
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not significantly overlap that of corticosterone under these conditions. The corticosterone-
containing eluate was then evaporated to dryness, redissolved in the eluting solvent, dried
and dissolved in 500 uL PBS (0.05 M sodium phosphate, 0.15 M sodium chloride, 0.1%
gelatin, 0.1% sodium azide, pH 7.6). The tubes were then vortexed, sealed with Parafilm
(Gallenkamp, London) and allowed to stand at room temperature for 48 hours. A portion
(150 uL) of each sample was then counted in a Packard Tri-Carb scintillation counter
(Packard Instruments, lllinois), to determine the efficiency of recovery, which ranged from
40-60%.

Antiserum to corticosterone was raised in New Zealand White rabbits immunized with 11
B, 21-dihydroxy-4-pregene-3, 20-dione hemissuccinate:bovine serum albumin conjugate
(Steraloids Inc., Wilton) and at a final dilution used in the assay (1:18, 000) gave a
bound:free ratio of 0.30. Cross-reaction of other steroid hormones with the antiserum,
determined by titrating the antibody with doses of 10, 10? 10°% 10%, 105, and 108 pg of
each steroid was minimal (< 6.6%) except for DOC (100%) and progesterone (2.3%) could
be removed from the plasma samples, together with plasma lipids, by chromatography
with Sephadex LH-20.

Quadruplicate corticosterone standards (0.025, 0.05, 0.10, 0.20, 0.40, 0.60, 1.00, 2.00,
3.00, and 4.00 ng/tube) in 250 uL PBS or 250 uL of each sample were incubated with 500
uL anti-serum to corticosterone for 30 minutes at room temperature. Tritiated
corticosterone 1000 counts/min) in 100 uL PBS was added to each of the tubes, which
were vortexed and heated at 37°C for 1 hour and then incubated at 4°C for 24 hours.
Dextran-coated charcoal (0.05% dextran sulphate; Pharmacia, CA.; 0.5% charcoal) was
added to each tube in 200 ul ice-cold PBS, the tubes re-capped, inverted 10 times and
incubated for 20 minutes at 4°C. Following centrifugation (10, 000 X g for 15 minutes at
4°C), the supernatant fractions were decanted into scintillation vials and counted in 7 mL
scintillation fluid.

Concentrations of corticosterone in the samples were determined from a logit-log
transformation of the standard curve. In 13 assays the minimum detectable dose (two
standard deviations from maximal binding in the tubes containing no competing
corticosterone) was 11.9 + 1.0 pg/tube. The intra-assay coefficient of variation for the
concentration (15.05 = 0.31 (S.E.M.) ng/mL) of a pooled plasma sample assayed seven
time in the same assay was 5.83% and the interassay coefficient of variation for its
concentration (16.88 = 0.52 ng/mL) in nine assays was 9.33%. The recovery of triplicate
doses of unlabelled corticosterone (1.00 and 0.5 ng/mL) added to and extracted from
blank plasma was 98 * 1 and 106 + 6% respectively. The recovery of higher doses of
unlabelled corticosterone (4, 8 and 16 ng/mL) added to and extracted in triplicate from a
pooled plasma (mean concentration 8.81 + 0.24 ng/mL, n = 6) was 102 £ 2, 105 £ 4
and 105 = 3%. The estimated concentration of corticosterone in ten plasma samples
assayed with this antiserum and with a second antiserum also showed a good correlation
(correlation coefficient, r = 0.93, P < 0.001). Dose-response inhibition curves parallel with
those of the standard curve were also obtained with different volumes (150, 75, 50 and
25 ul) of a pooled plasma sample and its concentration was independent of plasma
volume (21.17, 22.34, 21.92, and 23.31 ng/mL respectively).
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TWO-COLOUR STAINING OF PERITONEAL CELLS AND FACS ANALYSIS

Aliquots of cells used for determination of released, cytosolic and membrane TNF levels
were stained for leukocytes (OX-1; IgG,; Cedarlane, Hornby, ON.)(359), peritoneal
macrophages (OX-43; IgG,)(360), Class | major histocompatibility complex (MHC)(OX-18;
IgG,; Cedarlane)(361), and Class Il RT1.B (OX-6; IgG,; Cedarlane)(361), and RT1.D (OX-
17; 19G,; Cedarlane)(361) MHC cell surface antigen expression. An isotype control
antibody OX-21 (360) which recognizes mouse and human Factor | was included for
determination of non-specific binding. OX-21 and OX-43 were kindly donated by Dr. A.A.
Like (U. Mass.). OX-43 was purified by Protein A Sepharose (Pharmacia) and fluorescein
isothiocyanate (FITC)-conjugated using FITC-celite (Calbiochem, San Diego, CA.).
Unconjugated or FITC-conjugated OX-43 was used for macrophage staining while the
other antibodies were unlabelled. The FITC- or phycoerythrin (PE)-conjugated second
antibodies used were F(ab,)' fragments of goat anti-mouse Ig (heavy and light chain
specific) absorbed against rat proteins (Cedarlane).

Peritoneal cells were washed twice in ice-cold PBS and the pellets were resuspended in
PBS containing 10% (v4) heat-inactivated goat serum (NGS; Cedarlane) and incubated
for 30 minutes on ice to block non-specific antibody binding sites. Cells (1-3 X 10° cells
in 50 uL) were added to wells of a round bottom 96 well plate (Falcon; Becton Dickinson).
All primary and secondary antibodies were prepared by appropriate dilution in PBS
containing 10% (v/v) NGS.

Fifty microliters of the OX-43-FITC or unlabelled antibody was added to the appropriate
wells, the cells resuspended and incubated on ice for 45-60 minutes. Cells were washed
3 times with ice cold PBS and once with ice cold PBS containing 10% (v/¥) NGS and 50
uL of the subsequent unlabelled (or labelled antibody recognizing first determinant)
antibody recognizing the second cell surface antigen was added. The plate was incubated
for an additional 45-60 minutes on ice and in the dark. The cells were washed four times
as above and the conjugated goat anti-mouse F(ab,)' antibody was added. Cells were
incubated on ice and in the dark for 45 minutes and washed four times. After the last
wash, the PBS was aspirated and the cells were fixed by adding 100 uL of 3% (w/)
formalin/well. The cell suspension was transferred to tubes and read on a FACSCAN cell
analyzer (Becton-Dickinson).

INDIRECT DETECTION OF LIPOPOLYSACCHARIDE RECEPTORS ON PERITONEAL
CELLS

Samples of cells used for determination of released, cytosolic, and membrane TNF levels
were stained for lipopolysaccharide receptors (LPS-R) expressions using the methods
described (362, 363) and modified for optimal detection in rat. One million cells/100 ul
volume were plated into wells of a 96 well tissue culture plate to which fluorescein
isothiocyanate (FITC)-conjugated LPS-Salmonella minnesota (FITC-LPS; Sigma, St. Louis,
MO.) was added at a final concentration of 100 ug/mL in PBS was used to determine LPS-
R or 10 ug/mL in PBS containing 10% (v//) NGS to determine CD14 was added. The plate
was incubated at 37°C for 60 minutes in a humidified incubator gassed with 95% air and
5% CO,. The cells were then washed 4 times with ice-cold PBS and 50 uL of unlabelled
OX-43 was added to the appropriate wells, the cells resuspended and incubated on ice
in the dark for 45-60 minutes. The cells were washed four times with ice cold PBS and 50
uL of the PE-conjugated goat anti-mouse F(ab,)' antibody (Southern Biotechnology:
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Birmingham, AL.) was added. The cells were incubated on ice and in the dark for an
additional 45-60 minutes and washed four times. After the last wash, the PBS was
aspirate¢ and the cells were fixed by adding 100 uL of 3% (w/) formalin/well. The cell
suspensions were transferred to tubes and read on a FACSCAN cell analyzer (Becton-

Dickinson).

STATISTICAL ANALYSIS

Results are expressed as means * SE and statistical significance of the data were
analyzed by the Student's t test for unpaired samples assuming that the data have a
Gaussian distribution with equal standard deviations of the two populations compared, the
Mann-Whitney test for unpaired samples assuming that the data do not have a Gaussian
distribution, or the Fisher exact test using Instat V.2.01 software.
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CHAPTER 3

TUMOUR NECROSIS FACTOR PRODUCTION BY PERITONEAL CELLS FROM DIABETES-
PRONE BB RATS IS DEFICIENT AND CAN BE CORRECTED BY TREATMENT WITH
COMPLETE FREUND'S ADJUVANT!

INTRODUCTION

Insulin-dependent diabetes mellitus (IDDM) is an autoimmune disease in which the insulin-
producing pancreatic islets are infiltrated primarily by autoreactive lymphocytes (insulitis),
resulting in the selective destruction of the insulin-producing beta (B) cells by these cells
(3-9).

Non-specific immunostimulation with adjuvants such as OK-432, Bovis Calmette-Guérin
(BCG) and complete Freund's adjuvant (CFA) have been reported to prevent diabetes in
the non-obese diabetic (NOD) mouse and BB rat (261, 262, 265, 266, 271, 272), and
increased serum tumour necrosis factor (TNF) levels in the NOD mouse (269, 270). It is
possible that adjuvant immunotherapy could prevent diabetes by increasing specific
cytokine levels.

A role for cytokines in the prevention of IDDM in the BB rat and non-obese diabetic (NOD)
mouse is suggested by the ability of chronic administration of the macrophage cytokine
interleukin-1 (IL-1) (285, 286), the T lymphocyte cytokine IL-2 (280, 289), and the
macrophage/T lymphocyte cytokine IL-10 (301), to significantly delay, or prevent the onset
of diabetes. It has also been demonstrated in other studies that production of the
macrophage cytokine, TNF-« was decreased in the NOD mouse (270, 328), and in the
(NZB X NZW)F, mouse model of systemic lupus nephritis (364). Chronic administration
of TNF-a prevented the development of these IDDM in the NOD mouse (270), and lupus
nephritis in the (NZB X NZW)F, mouse (364, 365). Chronic administration of TNF-« or the
T lymphocyte cytokine lymphotoxin (LT; TNF-B) were also capable of preventing IDDM in
the BB rat and NOD mouse (329, 334, 335). These findings suggest that deficiencies in
cytokines may participate in the pathogenesis of autoimmune disease.

Deficient production of cytokines including TNF-(a and ) may contribute to the onset and
pathogenesis of autoimmune disease and this deficiency could be corrected by the
administration of specific cytokines or non-specific immuno-adjuvants such as CFA. This
hypothesis was tested by measuring TNF production by peritoneal macrophages from
diabetes-prone (DP) BB rats after stimulation in vivo and after stimulation in vitro, and in
DP rats protected against diabetes by CFA.

RESULTS

Peritoneal Cell TNF Production after Stimulation In Vivo

Diabetes-prone and DR rats were injected intravenously with saline, IFN-y, LPS, or IFN-y
+ LPS and 4 hours later, peritoneal cells were collected and cultured for 1.5 to 18 hours

1A version of this chapter has been published by Lapchak, P.H., L.J. Guilbert, and A.
Rabinovitch, Clin. Immunol. Immunopathol. 65(2): 129-134, 1992.
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to measure TNF production (FIGURE 3.1). After 1.5 hours of culture, released and cytosol
TNF fevels were significantly lower in peritoneal cells from saline-treated and IFN-y-treated
DP rats compared to peritoneal cells from DR rats (P < 0.01 for released and for cytosol
for saline, and P < 0.05 for released and for cytosol for IFN-y). Released and cytosol TNF
levels were lower, but not significantly at 3, 6, and 18 hours by peritoneal cells from seiine-
treated DP rats. In response to IFN-y, released TNF by DP rat peritoneal cells at 3, 6 and
18 hours were lower, but not significant, however, cytosol TNF levels were significantly
lower at 3 (P < 0.01) and 6 (P s 0.05) hours by DP rat compared to DR rat peritoneal
cells. In response to LPS or IFN-y + LPS, peritoneal cells from DP rats, had TNF (released
and cytosol) levels that were lower, hut not significantly compared to peritoneal cells from
DR rats at all time points. In general, DP rat peritoneal cell TNF production (released and
cytosol) is lower than DR rat peritoneal cells. Therefore, TNF production was compared
at 1.5 hours of culture in vitro (TABLE 3.1). TNF levels (released, cytosol and total) were
significantly lower by peritoneal cells from saline- and IFN-y-treated DP rats compared to
peritoneal cells from DR rats. In response to LPS, TNF levels were lower, but not
significantly after treatment with LPS and were similar in response to IFN-y + LPS.

Peritoneal Cell TNF Production after Stimulation In Vitro

Peritoneal cells were collected from untreated DP and DR rats and cultured in vitro for 3,
6 and 18 hours in medium alone, medium containing IFN-y, LPS, or IFN-y + LPS. There
were no significant differences in TNF levels from DP rat peritoneal cells compared to DR
peritoneal celis at 3, 6 and 18 hours of culture in medium alone (FIGURE 3.2). TNF levels
were lower, but not significantly, by DP rat peritoneal cells at 6 hours but was significantly
lower (P < 0.05) at 18 hours compared to DR rat peritoneal cells after culture in medium
containing IFN-y. TNF levels were significantly lower by DP rat peritoneal cells after 3
hours of culture in medium containing LPS (P < 0.05) compared to DR rat peritoneal cells
and lower, but not significantly, at 6 and 18 hours. TNF levels were significantly lower by
DP rat peritoneal cells compared to DR rat peritoneal cells after 3 hours (P < 0.05) and
after 6 hours (P < 0.05) of culture in medium containing IFN-y + LPS, and lower, but not
significantly at 18 hours.

Effects of CFA Treatment of BB Rats on Peritoneal Cell TNF Production

Peritoneal cells were collected from CFA-treated DP and DR rats and cultured in vitro for
3, 6 and 18 hours in medium alone, medium containing IFN-y, LPS, or IFN-y + LPS
(FIGURE 3.3). While TNF levels were greater by CFA-treated DR rat peritoneal cells
compared to CFA-treated DP rat peritoneal cells in medium alone and medium containing
IFN-y, these differences were not significant. In response to LPS or IFN-y + LPS, TNF
levels by CFA-treated DP rat peritoneal cells were similar to TNF levels by CFA-treated DR
peritoneal cells at all time points. TABLE 3.2 shows that TNF levels by peritoneal cells from
CFA-treated DP rats cultured in medium alone, medium containing [FN-y, medium
containing LPS, and medium containing IFN-y + LPS are greater than levels by peritoneal
cells from saline-treated DP rats, and are greater than those levels by peritoneal cells from
salina-treated DR rats, and are similar to those levels by peritoneal cells from CFA-treated
DR rats.

L929-8 Cell Sensitivity to Rat Peritonzal Cell TNF

To determine whether L929-8 cytolysis is rat TNF-mediated, a rabbit polyclonal antibody
to murine TNF which cross-reacts with rat TNF was included in one experiment. As shown
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in FIGURE 3.4, lysis of L929-8 cells by rat peritoneal cell TNF was inhibited by greater than
97% using an antibody titer between 10°-80°

DISCUSSION

Recent evidence suggests that TNF may play a role in immunopathogenesis of
autoimmune insulin-dependent diabetes mellitus. The results presented here demonstrate
that unstimulated {PBS-injected) peritoneal cells and those peritoneal cells from DP rats
stimulated in vivo with interferon-y or LPS produce lower amounts of released and
cytosolic TNF compared to peritoneal cells from diabetes-resistant (DR) rats. This
suggests that both released and total (released + cytosol) TNF production by peritoneal
cells from DP rats is deficient in unstimulated (naive) macrophages and after stimulation
with IFN-y or LPS. Deficient TNF production is evident early, at 1.5 hours of ex vivo culture
and possibly reflects deficient macrophage TNF production in vivo.

The results presented here contrast the findings reported indicating that TNF production
is upregulated in DP BB rats (336), however, macrophages studied by this group had
been activated in vivo with Corynebacterium parvum, a potent and chronic macrophage
activator 3 days prior to study in vitro.

These in vivo findings were confirmed when TNF preduction by peritoneal cells from DP
rats was measured after culture in vitro. While TNF levels were similar by peritoneal cells
from both DP and DR rats cultured in medium alone, TNF levels by peritoneal cells from
DP rats were lower after culture in medium containing IFN-y, in medium containing LPS,
and in medium containing IFN-y + LPS. In contrast, TNF levels by peritoneal cells from
complete Freund's adjuvant (CFA)-treated DP rats were increased compared to TNF levels
by peritoneal cells from PBS-treated DP rats. A single injection of CFA can prevent the
development of insulitis and diabetes in BB rats (274), and NOD mice (273, 275). It has
also been shown that CFA is capable of stimulating natural suppressor cell activity (273,
274), and suppressor macrophages (275). In this present study, the results suggest that
one mechanism by which CFA may protect against diabetes development is by increasing
macrophage TNF levels. The finding that CFA prevents diabetes by increasing peritoneal
cell TNF levels is supported by other studies in which OK-432 administration to NOD mice,
while protecting against diabetes development, increases serum TNF, but not IL-1, IL-2,
or IFN-y levels (269, 270) and the administration of LPSw which protected against
diabetes in NOD mice and was equally as effective as administering TNF (264).

The results presented here are in agreement with other reports that autoimmune disease
may be associated with deficient TNF production, and increasing TNF levels in vivo may
be important in preventing disease. Tumour necrosis factor production was reported to
be decreased in NOD mice (270, 328), and in (NZB X NZW)F, lupus nephritis mice (364),
and that chronic administration of TNF prevented development of these autoimmune
diseases (270, 328, 364). Similarly, a closely related molecule to TNF-«, lymphotoxin (LT)
can also prevent diabetes in NOD mice after chronic administration (334). Furthermore,
administration of IFN-y, IL-1, or IL-2 were unable to prevent diabetes in NOD mice (270).
Similarly, chronic administration of TNF or LT to DP rats also prevents diabetes (329, 335).
Recently, it has been reported that administration of an antibody to TNF increased insulitis
development (331), further supporting a protective role for TNF against diabetes
development.
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It remains to be determined how TNF acts to prevent autoimmune disease such as
diabetes in NOD mice and BB rats. /n vivo administration of TNF inhibits T and B
lymphocyte proliferation in response to mitogens, inhibits NK cell and CTL-mediated
cytotoxicity, and inhibits delayed type hypersensitivity responses (820), is a macrophage
maturation/differentiation factor (322), activates macrophages (327), and participatesinthe
development of the CD4 and CD8 T lymphocyte repertoire (322). Therefore, TNF may act
directly to inhibit autoreactive T lymphocyte-mediated killing, may participate in returning
to normal, T lymphocyte ontogeny in DP rats, or act to initiate maturation/differentiation
and activation of DP rat macrophages to the suppressor macrophage state. Tumour
necrosis factor may act directly to prevent diabetes in BB rats by inhibiting the actions of
autoreactive islet cell-specific T lymphocytes, or it may inhibit these cells through the
generation of suppressor macrophages. Lastly, a deficient TNF production by
macrophages may result in cascade of cytokine deficiencies, since TNF, but not IL-1 (e
and B), IL-6, or GM-CSF, is important inducing de novo production of IL-10 mRNA and
secretion (366), which in turn can act on inhibiting T lymphocyte activation, proliferation
and secretion of IL-2 and IFN-y (366).

SUMMARY

Peritoneal cells from DP rats produce deficient levels of TNF after stimulation in vivo or
after stimulation in vitro. Deficient TNF production by peritoneal cells from DP rats can be
upregulated by immunotherapy with complete Freund's adjuvant suggesting that TNF is
important is preventing diabetes in the BB rat. The administration of antibodies to TNF will
clarify whether CFA prevention of diabetes in BB rzts is mediated through increasing TNF
production.
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TABLE 3.1

TNF PRODUCTION BY PERITONEAL CELLS FROM DIABETES-
PRONE (DP) AND DIABETES-RESISTANT (DR) BB RATS

TNF (pg/108 cells/1.5 hr)

BB rat Treatment

group in vivo Medium Cytosol Total
DR Saline 445+ 7.2 18.0 £ 1.5 625 + 83
DP Saline 20.4 = 34" 52 = 0.4” 255 + 3.5"
DR IFN-y 178.5 + 42.6 421 = 9.9 220.6 + 49.2
DP IFN-y 36.7 + 44 13.6 = 3.0° 50.3 =+ 6.4
DR LPS 113.6 = 38.9 369 + 9.9 150.5 + 47.4
DP LPS 71.2 £ 140 16.8 = 4.6 88.0 + 16.6
DR IFN-y/LPS 130.7 = 482 142 + 5.6 144.9 + 50.2
DP IFN-y/LPS 1209 + 42,6 19.6 = 3.5 140.6 + 45.8

Note: Values are Means + S.E. for TNF levels in cell incubation medium, cytosol,

and total (medium + cytosol) of peritoneal cells from 2 matched
experiments for 6 DP and 6 DR rats injected with saline, IFN-y, LPS, or IFN-
v followed with LPS as described in Materials and Methods. Statistical
significance was determined by the Mann-Whitney Test for unpaired
samples.

"P < 0.05, ™ P < 0.01 for DP vs. DR rats.



TABLE 3.2

EFFECTS OF TREATMENT OF BB RATS WITH COMPLETE FREUND'S
ADJUVANT (CFA) ON TNF PRODUCTION BY PERITONEAL CELLS

TNF (pg/10° cells/6 hr) in culture containing

BB rat Treatment

group in vivo Medium IFN-y LPS IFN-y/LPS
DP Saline 76+ 26 171 90 332=x114 309=105
DP CFA 182+ 118 318114 848256 683 7.7
DR Saline 90+ 23 270=x 40 451 +132 475 =101
DR CFA 422 + 335 66.1 =565 100.6 + 453 49.7 = 21.1

Note: Diabetes-prone (DP) and diabetes-resistant (DR) BB rats {ages 22-28 days)
were injected once with saline or complete Freund’s adjuvant (CFA), then
10-14 days later peritoneal cells were collected and incubated for 6 hr in
control medium, and medium containing interferon-y {IFN-y, 100 U/mL),
lipopolysaccharide (LPS, 0.5 ug/mL) or IFN-y + LPS. Values are Means *
S.E. for TNF levels in cell incubation medium are shown for 4 DP and 4 DR
rats from 2 matched experiments. Statistical significance was determined
by the Mann-Whitney Test for unpaired samples.

" P < 0.05 for DP-CFA vs. DP-saline.
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FIGURE 3.2
TNF Production by Peritoneal Cells From Diabetes-Resistant (DR) and Diabetes-Prone

(DP) Rats Stimulated /n Vitro. DR and DP BB rats (ages 23-41 days) were collected and
cultured for 3, 6, and 18 hours in complete medium alone, and medium containing
interferon-y (IFN-y, 102 U/mL), lipopolysaccharide (LPS, 0.5 ug/mL) or IFN-y + LPS as
described in Materials and Methods. TNF levels (Mean + S.E.) are shown for 7 DR and
7 DP rats from 2 matched experiments. Statistica significance was determined by the

Mann-Whitney Test for unpaired samples.
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FIGURE 3.3

TNF Production by Peritoneal Cells From Complete Freund's Adjuvant (CFA)-Treated
Diabetes-Resistant (DR) and Diabetes-Prone (DP) Rats Stimulated /n Vitro. DR and DP BB
rats (ages 28-41 days) were collected and cultured for 3, 6, and 18 hours in complete
medium alone, and medium containing interferon-y (IFN-y, 10?U/mL), lipopolysaccharide
(LPS, 0.5 ug/mL) or IFN-y + LPS as described in Materials and Methods. TNF levels
(Mean = S.E.) are shown for 3 DR and 3 DP rats from 2 matched experiments. Statistical
significance was determined by the Mann-Whitney Test for unpaired samples.
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FIGURE 3.4

Neutralization of Rat Peritoneal Cell TNF-Mediated Cytotoxicity of L929-8 Cells by a Rabbit
Polyclonal Antibody to Murine TNF. Rat peritoneal cell TNF was pre-cultured with dilutions
of a pelycional antibody to murine TNF and the mixture then added to the L929-6 TNF
bioassny as described in Materials and Methods. Inhibition of TNF-mediated killing of

L9Z3-6 cells were compared to L929-6 celis cultured alone or containing rat peritoneal cell
TNF. Results from one experimeni aré expressed as cell viability vs. antit.ody titer.
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CHAPTER 4

EXCESSIVE TUMOUR NECROSIS FACTOR PRODUCTION BY SPLEEN CELLS FROM
DIABETES-PRONE BB RATS IS DECREASED BY TREATMENT /N VIVO WITH COMPLETE
FREUND'S ADJUVANT

INTRODUCTION

Insulin-dependent diabetes mellitus is an autoimmune disease manifested predominantly
by activated autoreactive T lymphocytes that destroy the insulin-producing cells in the
islets of Langerhan (5-9). Like macrophages, tumour necrosis factor alpha (TNF-«) is also
produced by T and B lymphocytes, and natural killer (NK), however, these cells
predominantly produce lymphotoxin (LT, also called TNF-B)(310, 318, 319).

Studies in vitro have shown that TNF-« and LT can act in synergy with other cytokines
such as IL-1, or IFN-y to be directly cytotoxic to islets (147-149, 1561, 152). This is in
accord with the presence of TNF- or IL-1-mRNA* lymphocytes found in intra-islet and peri-
islet lesions in the BB rat (159), in intra-islet lesions in NOD mice (367), and TNF-B in
isolated lymphocytes from islets of female NOD mice 5-16 weeks old and male NOD mice
7-24 weeks old (368).

A role for TNF-« or LT in the pathogenesis of human autoimmune disease is supported
by the finding of excessive TNF-a« and LT production from T lymphocytes isolated or
cloned from thyroid infiltrates in Hashimoto's thyroiditis, to a lesser extent in Grave's
disease (369, 370), and from synovial membranes in rheumatoid arthritis (370). In animal
models of autoimmune disease, boih TNF-a and LT mRNA were found in CD4* and CD8"*
lymphocytes from Jor mice which develop an autoimmune syndrome resembling systemic
lupus erythematosus and rheumatoid arthritis (371), CD4* lymphocytes from C3H-/pr/lpr
and C3H-gld/gld mice over-produce TNF (372), and myelin-basic protein-specific T
lymphocyte clones from a mouse model of multiple sclerosis, experimental allergic
encephalomyelitis, also over-expressed TNF/LT mRNA and over-produced TNF/LT protein
upon stimulation (373).

Non-specific immunostimulation with complete Freund's adjuvant (CFA) reduces in vitro
proliferative responses of lymphocytes from NOD mice to alloantigen and to mitogens
(272, 275) while increasing IL-4 levels and reducing the IFN-y levels (278). Together, this
modulation of cytokine production by CFA may act to suppress lymphocyte TNF
production.

Over-production of cytokines including TNF-e and LT by autoreactive lymphocytes may
contribute to the specific destruction of insulin-producing beta cells in the islets, and this
over-production may be down-regulated by administration of specific cytokines or non-
specific immuno-adjuvants such as CFA. This hypothesis was tested by measuring TNF
production by spleen cells from diabetes-prone (DP) BB rats after stimulation in vivo and
after stimulation * vitro, and in DP rats protected again<t diabetes by CFA.
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RESULTS

Spleen Cell TNE Production after Stimulation In Vivo

In a preliminary experiment, DP and DR rats were injected intravenously with saline, IFN-y,
LPS, or IFN-y + LPS and 4 hours later, spleen cells were collected and cultured for 3, 6,
and 18 hours to measure TNF production (FIGURE 4.1). Released TNF levels by saline-
treated and IFN-y-treated DP and DR rat spleen cells were similar at all three time points.
Released TNF levels by spleen cells from LPS-treated DP rats were lower, but not
significantly, at 3, 6, and 18 hours compared to spleen cells from LPS-treated DP rats
compared to LPS-treated DR rats. Released TNF by spleen cells cultured for 3 hours from
IFN-y + LPS-injected DP rats were significantly greater than by spleen cells from IFN-y
+ LPS-tieated DR rats (P < 0.05), and were greater, but not significantly at 6 hours of
culture, and were similar at 18 hours of culture.

In a second experiment, DP and DR rats were treated as above, and spleen cells were
collected and cultured for 1.5, 3, 6, and 18 hours to measure released and cytosolic TNF
levels (FIGURE 4.2). Released and cytosolic TNF levels were similar at all time points by
spleen celis from saline-treated DP arid DR rats. Released and cytosolic TNF levels by
spleen cells from IFN-y-treated DP rats were not significantly different at any time point
compared to spleen cells from IFN-y-treated DR rats. Released TNF levels by spleen cells
from LPS-treated DP rats were similar to spleen celis from LPS-treated DR rat spleen cells
at 1.5 and 3 hours. Cytosolic TNF levels by LPS-treated DP spleen cells were greater, but
not significantly, compared to LPS-treated DR spleen cells, at 1.5, 3, and 6 hours.
Released TNF levels by spleen cells from LPS-treated DP rats were significantly greater
than by spleen cells from LPS-treated DR rats at 6 (P < 0.05) and 18 (P < 0.05), hours
while cytosolic TNF levels from spleen cells from DP rats were lower compared to spleen
cells from DR rats, but not significantly, at 18 hours. TNF levels by spleen cells from IFN-y
+ LPS-treated DP rats were similar to spleen cells from IFN-y + LPS-treated DR rats after
1.5, 3, and 6 hours of culture, while cytosolic TNF levels were greater, but not significantly,
at the same time points. At 18 hours of culture, released TNF by spleen cells from IFN-y
+ LPS-treated DP rats were significantly greater compared to spleen cells from DR rats
(P < 0.05).

In general, DP rat spleen cell TNF production (released and cytosolic) is greater than by
spleen cells from DR rats. TNF production was compared after 18 hours of incubation ex
vivo (TABLE 4.1). TNF ievels (released, cytosolic and total) were similar for saline- or IFN-
y-treated DP rat spleen cells compared to spleen cells from DR rats. TNF levels (released,
and total) were significantly greater by spleen cells from LPS- and IFN-y + LPS-treated
DP rats compared to spleen cells from DR rats (P < 0.05 for released and for total).

Spleen Cell TNF Production after Stimulation In Vitro

Spleen cells from untreated DP and DR rats were cultured in vitro for 3, 6 and 18 hours
in medium alone, in medium containing IFN-y, LPS, or IFN-y + LPS. There were no
significant differences in released TNF levels by unstimulated DP rat spleen cells
compared to DR spleen cells at after culture for 3, 6 and 18 hours (FIGURE 4.3). DP rat
spleen cell TNF levels were lower but not significantly, compared to DR rat spleen cells
at all time points after culture in medium containing IFN-y. DP rat spleen cell TNF levels
were greater, but not significantly, compared to DR rat spleen cells at all time points after
culture in medium containing LPS. DP rat spleen cell TNF levels were lower at 3 hours,
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greater at 6 hours and similar at 18 hours, but not significantly, compared to DR rat spleen
cells after culture in medium containing IFN-y + LPS.

Effects of CFA Treatment of BB Rats on Spleen Ceill TNF Production

Spleen cells from CFA-treated DP and DR rats were cultured in vitro for 3, 6 and 18 hours
in medium alone, in medium containing IFN-y, LPS, or IFN-y + LPS (FIGURE 4.4).
Released TNF by spleen cells from CFA-treated DP rats were similar and not significantly
different to spleen cells from CFA-treated DR rats at all time points and in all culture
conditions. TABLE 4.2 shows that peak levels of released TNF by spleen cells from CFA-
treated DP rats cultured in medium alone, in medium containing IFN-y, in medium
containing LPS, and in medium containing IFN-y + LPS are similar to those levels
released by spleen cells from saline-treated DP and DR rats and CFA-treated DR rats.

DISCUSSION

Tumour necrosis factors may play a role in the immunopathogenesis of autoimmune
disease and have been demonstrated in vitro to synergize with other cytokines to mediate
specific islet cell killing. The results presented in a preliminary experiment demonstrate that
spleen cells from DP rats stimulated in vivo with IFN-y + LPS produced greater amounts
of TNF compared to spleen cells from DR rats. This preliminary finding was confirmed in
a second experiment. Here, DP spleen cell TNF levels (released and cytcsolic) were
greater at later time points in response to IFN-y, LPS, and IFN-y + LPS, and was greatest
at 18 hours of ex vivo culture. These results are supported by other reports describing
over-production of TNF by T lymphocytes or T lymphocyte clones from a variety of
autoimmune diseases (368-373). This finding suggests that excessive production of TNF
by spleen cells, if confirmed in the islets, may participate in the onset of diabetes by
directly killing insulin-producing p cells.

TNF production by spleen cells from DP rats was measured after stimulation in vitroin an
attempt to confirm the in vivo findings. No significant differences in TNF production could
be seen between spleen cells from DP and DR rats. In addition, in vitro stimulation of TNF
production by spleen cells from CFA-treated DP rats were similar to spleen cells from
PBS-treated DP rats, and this contrasts the potentiating effect seen with spleen cells from
CFA-treated DR rats compared to PBS-treated DR rats. These results suggest that CFA
may regulate DP rat spleen cell TNF production directly or indirectly through other cells
resident in the spleen such as macrophages. Clearly, it would be of great interest that CFA
could act directly on spleen cells by down-regulating LT through up-regulation of TNF-a.

The dichotomy in TNF production after stimulation in vivo and in vitro may be a
consequence of the microenvironments. Within the spleen, there are T lymphocyte
subsets, B lymphocytes, dendritic cells, macrophages, and NK cells. As a consequence
of this microenvironment, cells are in close proximity to each other and are more likely
influenced by the action of different cytokines, both stimulatory and suppressive and cell-
cell interactions. In contrast, cells stimulated in vitro may riot be in close proximity and
have fewer cell-cell contacts, thereby reducing the potential for stimulation through these
contacts or through the paracrine effects of cytokines.

Tumour necrosis factor from these in vivo and in vitro experiments were measured by the
L929-8 bioassay. There are no polyclonal or monoclonal antibodies available to
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discriminate between different species of rat TNF. As a result, it was impossible to
distinguish whether DP rat spleen cells are over-producing LT-a/p or TNF-a.

Complete Freund's adjuvant-mediated protection of diabetes in NOD mice and BB rats
is partly attributed to the increase in numbers of natural suppressor cells in the spleen
resulting in a decrease in proliferation to allo-antigen or mitogen stimulation (272, 274,
275), a state of dormancy of the autoreactive T lymphocytes (277), and an increase in the
numbers of IL-4-producing cells (278). These actions may be the result of increased TNF
production by macrophages after CFA-treatment (Chapter 3).

Although it is likely that spleen cells produce LT predominantly, they could also produce
TNF-« to a lesser extent (310, 318, 319) and that "appropriate" amounts of TNF may be
protective (374). Both TNF-a and LT can mediate their effects through the tumour necrosis
factor receptors (TNF-R) of 55 kDa and 75 kDa (375). More recently, a new receptor has
been described, and is specific for LT-«:LT-B heterodimers and may serve to function as
positive or negative regulator in inflammatory and immune responses (376). However,
responses specific to this receptor have yet to be described.

While LT has been shown to be an effector molecule, it is not clear whether it is involved
in the production of "suppressor" cytokines such as IL-4 or IL-10. It has been
demonstrated that macrophage derived TNF-« is essential in inducing macrophage
derived IL-10 (366). One action that CFA may mediate in the spleen of DP rats could be
to down-regulate or suppress T lymphocyte LT production via induction of de novoIL-10
in spleen macrophages or T, lymphocytes through the induction of TNF-« (366). What
may be observed in the spleerrs of DP rats is a dysregulation of TNF, namely LT as a
result of deficient IL-4 or IL-10 production.

Clarification of the species of TNF stimulated in vivo will be required. Purification of spleen
cell subsets, namely helper and cytotoxic T lymphocytes, B lymphocytes, NK cells and
macrophages, will facilitate the identity of TNF species. Furthermore, using specific probes
for TNF-a, LT, and LT-$ will allow identification of de novo induction of TNFs through the
actions of CFA in spleen cells of DP rats.

SUMMARY

Spleen cells from DP rats produce excessive amounts of TNF compzred to DR spleen
cells after stimulation in vivo and was corrected by CFA. However, in vitro stimulation of
DP or CFA-treated DP rat spleen cells resuits in similar levels of TNF production, whereas
itis increased by spleen cells from CFA-treated DR rats compared to PBS-treated DR rats.
This suggests that in vivo there may be induction of suppressive cytokines in spleen cells
from CFA-treated DP rats which suppresses TNF production. Additional studies using
purified spleen cell subsets from in vivo-stimulated DP rats are necessary to determine the
cell source(s) of spleen cell TNF over-production and to determine, albeit indirectly, which
species of TNF is predominant. Additionally, experiments could be designed to
demonstrate which TNF species, that is, TNF-¢, LT, or LT-p may be important
intrasplenically to regulate effector and suppressor cytokine levels.
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TABLE 4.1

TNF PRODUCTION BY SPLEEN CELLS OF DIABETES-PRONE (DP)
AND DIABETES-RESISTANT (DR) BB RATS

TNF (pg/10° celis/18 hr)

BB rat Treatment

group in vivo Medium Cytosol Total
DR Saline 42+ 19 1.3 £ 0.5 5419
DP Saline 40 1.2 0.3 = 0.1 44 £ 11
DR IFN-y 25 = 0.1 1.0 £ 0.4 34 £ 05
DP IFN-y 46 + 1.6 0.4 = 0.1 49 = 1.6
DR LPS 59 + 1.3 20 = 0.9 79 = 21
DP LPS 18.5 + 4.1 0.7 £ 0.2 192 = 4.3’
DR IFN-y/LPS 8.6 = 1.2 24 = 1.0 11.0 £ 1.7
DP IFN-y/LPS 279 = 56 1.3 £ 0.3 29.0 = 5.6

Note: Values are Means =+ S.E. for TNF levels in cell incubation medium, cytosol,
and total (medium plus cytosol) by spleen cells from 2 matched
experiments for 6 DP and 6 DR rats injected with saline, IFN-y, LPS, or IFN-
y followed by LPS as described in Materials and Methods. Statistical
significance was determined by the Mann-Whitney Test for unpaired
samples.

*P < 0.05 for DP rats vs. DR rats.
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TABLE 4.2

EFFECTS OF TREATMENT ON BB RATS WITH COMPLETE FREUND'S
ADJUVANT (CFA) ON TNF PRODUCTION BY SPLEEN CELLS

TNF (pg/10° cells/18 hr) in culture containing

BB rat Treatment

group  in vivo Medium IFN-y LPS IFN-y/LPS
DP Saline 0.3 = 0.1 1.3+ 04 216 £ 7.7 178 = 8.8
DP CFA 1.2 + 0.4 23 = 0.9 20.7 + 4.4 228 + 6.2
DR Saline 1.0 + 0.5 53 24 17.0 = 3.1 242 + 10.0
DR CFA 1.3+ 1.0 23 = 1.1 105 + 5.4 57.4 + 42.4

Note: Diabetes-prone (DP) and diabetes-resistant (DR) BB rats (ages 22-28 days)
were injected once with saline or complete Freund’s adjuvant (CFA), then
10-14 days later spleen cells were collected and incubated for 18 hours in
control medium,in medium containing interferon-y (IFN-y, 100 U/mL), in
medium containing lipopolysaccharide (LPS, 0.5 ug/mL) or in medium
containing IFN-y + LPS. Values are Means + S.E. for TNF levels in medium
for 4 DP and 4 DR rats from 2 matched experiments.
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FIGURE 4.1

TNF Production by Spleen Cells From Diabetes-Resistant (DR) and Diabetes-Prone (DP)
Rats Stimulated /n Vivo. DR and DP BB rats (ages 24-45 days) were injected intravenously
with saline, interferon-y (IFN-y, 10° U), lipopolysaccharide (LPS, 500 ug) or IFN-y + LPS
as described in Materials and Methods. Four hours later, spleen cells were collected and
incubated for 3, 6, and 18 hours in complete medium. TNF levels in incubation media
(Mean =+ S.E.) are shown for 6 DP and 6 DR rats from 2 matched experiments. Statistical
significance was determined by the Mann-Whitney Test for unpaired samples.

55



oS

‘sojdwes pasedun 10} 158 Asunyp-uuepy oyl AQ pauiwislap sem aouealubls jeonsiels ‘siuawiladxe
payolew g wojj sjel A 9 pue da 9 Joj umoys ale ('3'S F UESpN) [0S0}A0 |90 10 elpaw uojeqnoul ||99 Ul SjoAs] JN L "wnipaw a19|dwod
ul SINOY g} pue ‘g ‘g ‘G’ JO} pajeqnoul pue pPajosjjod aIam S[jad uaaslds ‘Jsle| SINOY INOL 'SPOYIS) pue S|elLalB)y Ul paquIosap se
Sd1 + A-N4i 1o (Bn 00S ‘Sd) epieyooesAiododi ‘(N ;01 ‘A-N4i) A-uosapaiul ‘auljes yim Aisnouanesiul pajosiul asam (shep gp-Gg sebe)
sies g9 dQ Pue HA 0AA Ul paleinwig siey (dq) suoid-seleqeiq pue (4Q) Juelsisey-sajaqeiq wol4 s|la uasldg Ag uononpoid 4NL

¢'¥ 3HNOH
(SdHj Inny
0el 09 0°¢ 571 ogt 0'9 0T 5t 061 0'3 0°C 51 08l 0'9 0°€ §°1
e °
e X
i A T — i .I.,H\(_,A:W el < &m
. (\ll‘ub’/.\.
1 N 0
a Y ~
_ * I
; c
i s
) x
i 2
i 5
| -3
I >
: =3
i o
; o
' -
; _ r
| v
| m
[Se1 s 4-nar ! 6d1 § ) Snys
! [ hJ 8T °
! - i ~ P
i = - -® ~ | ./ h.“' W|I|.ﬁ“\\u
- —— -4 L
- : N i —e n
: | ; ol « | _ ot
“ - g ! -
! i . ! ; ! 5
! % ! / ' : ! o
1 3 H
i ® e———© I i z
m : _ ' i Eo i oz D
L ! 4 -+ i ; a
! & o b i ]
H ; ; ! ! | ' Cu
O o P : ‘ !
[ } H I~ u¢ =
v i ' . . i { [=d
Z : ; : i : : v
! : ; | : : : !
: 2 1 H ‘ o ! . T 40
1S4+ L-Hgt H Sd1 4 MmN i 3nivs & q0




SPLEEN CELLS

6

RELEASED TNF pg/10

25 -

20

15

10 -

25 -

20

[DP @ UNSTIMULATED
DR ©

—:-— ———, — o T_"
lem T =e ) o
T T LPS
: [ °
|
4o T
—_ T \'Tl
]
T T i T """’“T"J R B
3 6 18 3 &
TIME (HRS)

FIGURE 4.3
TNF Production by Spleen Cells From Diabetes-Resistant (DR) and Diabetes-Prone (DP)

Rats Stimulated /n Vitro. Spleen cells from DR and DP BB rats (ages 23-41 days) were
collected and cultured for 3, 6, and 18 hours in complete medium alone, and medium
containing interferon-y (IFN-y, 102 U/mL), lipopolysaccharide (LPS, 0.5 ug/mL) or IFN-y
+ LPS as described in Materials and Methods. TNF levels (Mean + S.E.) are shown for
6 DP and 6 DR rats from 2 matched experiments. Statistical significance was determined

by the Mann-Whitney Test for unpaired samples.
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FIGURE 4.4

TNF Production by Spleen Cells From Complete Freund's Adjuvant (CFA)-Treated
Diabetes-Resistant (DR) and Diabetes-Prone (DP) Rats Stimulated /n Vitro. Spleen cells
from DR and DP BB rats (ages 28-41 days) were collected and cultured for 3, 6, and 18
hours in complete medium alone, and medium containing interferon-y (IFN-y, 10° U/mL),
lipopolysaccharide (LPS, 0.5 ug/mL) or IFN-y + LPS as described in Materials and
Methods. TNF levels (Mean % S.E.) are shown for 3 DP and 3 DR rats from 2 matched
experiments. Statistical significance was determined by the M.:an-Whitney Test for

unpaired samples.
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CHAPTER 5

DYSREGULATION OF TUMOUR NECROSIS FACTOR PRODUCTION IS TISSUE-SPECIFIC
AND CORRECTED AFTER TREATMENT /N VIVO WITH COMPLETE FREUND'S
ADJUVANT

INTRODUCTION .

Tumour necrosis factor (TNF) is produced by a large number of lymphoid cells including
macrophages and monocytes, T and B lymphocytes, natural killer (NK) cells and
thymocytes (310, 318, 319), is involved in regulating cell-mediated immunity (320), is a
macrophage maturation/differentiation factor (321), and is involved in the development of
the T lymphocyte repertoire (322, 323).

In chapters 3 and 4, it was demonstrated that TNF production is dysregulated in peritoneal
cells and spleen cells from diabetes-prone (DP) BB rats, and that this dysregulation can
be corrected by adjuvant immunotherapy with complete Freund's adjuvant (CFA).

BB rats are severely T lymphopenic (15, 39-44), and have apparently no RT6' T
lymphocytes (47, 48) thought to arise from defective thymic development (50) post-thymic
maturation (51), or tt.rough inefficient CD4:CD45RA/RB co-receptor signalling through
aberrant TNF production (63, 69), resulting in the generation of autoreactive T
lymphocytes (64). Furthermore, DP rats contain reduced numbers of CD4' T lymphocytes
and virtually no CD8* T lymphocytes (15, 43, 44).

Tumour necrosis factor is important in regulating ceil-mediated immunity without affecting
humoral immunity (320), is a growth-promoting factor for thymocytes (377), is involved in
the expression of CD8 on thymic pre-T lymphocytes (378, 379), and for increasing
expression of the interleukin-2 receptor-alpha and-beta chains (380).

Defective TNF production in the DP rat thymus may result in abnormal T lymphocyte
ontogeny which gives rise to T lymphopenia characterized by decreased CD4* and absent
CD8* T lymphocytes. Furthermore, TNF over-production in the spleen may impede post-
thymic maturation and differentiation by lymphocytes. This hypothesis was tested by
measuring cytosolic TNF levels in freshly isolated thymocytes, and in peritoneal and
spleen cells from untreated and from CFA-protected DP rats, and measuring released and
cytosolic TNF levels in thymocytes, peritoneal and spleen cells from untreated and CFA-
treated DP rats cultured for 6 hours after stimulation in vitro.

RESULTS

Tissue-Specific Dysregulation of Tumour Necrosis Factor in Freshly Isolated Peritoneal
Cells After Culture In Vitro

Tumour necrosis factor production was measured in freshly isolated peritoneal cells,
spleen cells and thymocytes from saline-treated and from CFA-treated DP and DR rats,
or after 6 hours of in vitro culture. Table 5.1 shows cytosolic TNF levels from freshly
isolated peritoneal cells, spleen cells and thymocytes. TNF levels by peritoneal cells and
spleen cells from saline- and CFA-treated DP rats are similar, while thymocyte cytosolic
TNF levels from CFA-treated DP rats are significantly greater than by saline-treated DP and
CFA-treated DR rats. Cytosolic TNF levels by peritoneal cells from CFA-treated DR rats are
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significantly greaier compared to cytosolic TNF levels by peritoneal cells from saline-
treated DR rats, #d from CFA-treated DP rats. Cytosolic TNF levels by spleen cells from
CFA-treated DR rats ia significently greater than from saline-treated DR rats, but not
significantly different irom spleen cells from saline- or CFA-treated DP rats. No significant
differenices are seen in cytosolic TNF by thymocytes from saline- or CFA-treated DR rats.

Eifect of Complete Frzund's Adjuvant Treatment of Diabetes-Prone BB Rats on Tumour
Necrosis Factor Production by Peritoneal Cells After Culture In Vitro

Peritoneal cell: f.om saline- and CFA-treated DP and DR rats were cultured in vitro for 6
hours i medium alone, in —adium containing IFN-y, or in medium containing LPS after
whici time released o7 ~ uiular TNF leve!s were measured (FIGURE 6.1). There are no
signiticant differences n. 12leased TNF levels by peritoneal celis from saline- and CFA-
treated DP rats, or saline- and CFA-treated DR rats after culture in medium alone, or in
medium containing IFN-y. Released TNF levels by peritoneal cells from saline-treated DR
rats culiured in medium containing LPS is greater than by peritoneal cells from saline-
treated DP ra's. Cytosolic TNF levels in peritoneal cells from saline-treated DR rats are
significantly greater than those TNF levels in peritoneal cells from saline-treated DP rats
cultured in medium alone (P < 0.05), in medium containing IFN-y (P < 0.05), and in
mediurn -ontaining LPS (P < 0.05). There are significantly lower levels of cytosolic TNF in
peritoneal cells from CFA-treated DP rats compared to peritoneal celle from CFA-treated
DR rats cuitured in medium alone (F < 0.05), in medium containing IFN-y (P < 0.05), but
not in medium containing LPS. The general trend that was observed in chapter 3 in which
CFA treatment of DP rats increases TNF production is confirmed here.

Effect of Cor. lete Freund's Adjuvant Treatment of Diabetes-Prone BB HAat Tumour
Necrosis Factor Production by Spleen Cells After Culture In Vitro

Production of TNF by spleen cells was measured in the same animals that peritoneal cells
were obtained. Spleen cells from saline- and CFA-treated DP and DR rats were cultured
in vitrofor 6 hours in medium: alone, in medium containing IFN-y, or in medium containing
LPS after which time released and cytosolic TNF levels were measured (FIGURE 56.2). No
significant differences are present in released or cytosolic TNF levels by spleen cells from
saline- or CFA-treated DP and DR rats after culture in medium alone, or in medium contain
IFN-y, however. Spleen cells from saline-treated DP rats release and have cytosolic TNF
levels that are significantly greater compared to spleen cells from saline-treated DR rats
after culture in medium containing LPS (P < 0.05 for released and cytosolic) while both
CFA-treated DP and DR rat spleen cells release similar amounts of TNF. Spleen celis from
both CFA-treated DP and DR rats release significantly lower levels of TNF compared to
spleen cells from saline-treated DP (P < 0.05) and DR (P < 0.05) rats. Cytosolic TNF levels
in spleen cclls from CFA-treated DP rats cultured in medium containing LPS are
significantly lower (P < 0.05) compared to spleen cells from saline-treated DP rats.

Effect of Complete Freund's Adjuvant Treatment of Diabetes-Prone on Tumour Necrosis
Factor Production by Thymocytes After Culture In Vitro

Thmocytes were cbtained from the same animals as peritoneal and spleen cells.
1.ymocytes from saline- and CFA-treated DP and DR rats were cultured in vitro for 6
hours in medium alone, in medium containing Con A, or in medium containing PHA after
which time released and cytosolic TNF levels were measured (FIGURE 5.3). Release of
TNF by thymocytes from CFA-treated DP rats were significantly lower compared to

60



thymocytes from CFA-treated DR rats (P < 0.05), whereas there were no significant
differences in released or cytosolic TNF levels by thymocytes from saline-treated DP and
DR rats after culture in medium alone, in medium containing Con A, or in medium
containing PHA.

DISCUSS!ON

Cytosolic TNF levels were measured in freshly isolated peritoneal and spleen cells, and
thymocytes from the same DP and CFA-treated DP rats. No defects in peritoneal and
splecin celi cytasolic TNF levels could be seen, however, cytosolic TNF levels in
thymocytes f:om DP rats were lower than those levels in DR and CFA-treated DR rats, and
CFA-treated DP rats suggesting that a defect in TNF production by DP thymocytes may
be implicated in defective ontogeny.

Released wndd cytosclic TNF levels were measured in peritoneal cells, spleen cells, and
thymocytes from the same DP and CFA-treated DP rats after stimulation in vitro for 6
hours. Released arid cytosolic TNF levels by DP rat peritoneal cells are lower in response
to stimulation with LPS, and that treatment with CFA increases TNF production to those
levels observed from DR rats, a confirmation of the finding in Chapter 3.

Diabetes-prone rat spleen cell TNF levels confirmed the in vivo results, but contrast the
in vitro results presented in Chapter 4; that spleen cells over-produce (released and
cytosolic) TNF, and that treatment with CFA reduces those levels to that of spleen cells
from DR and DR-CFA. These results suggest that TNF over-production by spieen cells
may be regulated by the administration of CFA.

Released but not cytosolic TNF levels by thymocytes from DP rats after stimulation with
Con A or PHA were lower, but not significantly compared to those levels by thymocytes
from DR rats. Complete Freund's adjuvant did not increase DP rat thymocyte TNF levels
to ihose levels observed with CFA-treated DR rats.

R:leasec TNF by DP rat thymocytes appear to be lower, but the results are inconciusive.
A short incubation time of 6 hours may be insufficient to demonstrate a deficiency in TNF
production ;: response to T lymphocyte mitogens. Additional experiments involving the
culture and s:imulation of non-adherent versus adherent thymic-derived cells may be
necessary to discern whether a defect exists at the level of the thymocyte or thymic
stromal cells.

TNF production in the thymus may be important in initiating proliferation of thymocytes
during ontogeny. TNF may have differential effects during positive selection in which
thymocytes would proliferate in response to self-major histocompatibility complex (MHC)
antigens and during negative selection in which they would be inhibited o proliferate in
the ceritext of self-MHC. Those thymocytes which do not fit this profile could likely be
autoreactive in nature, and thus could be selected out to underge TNF-mediated
apoptosis through interactions with the p70-75 kDa TNF receptor (323). Therefore, one
acticn of TNF during thymic ontogeny would be to ensure that autoreactive cells would
be deleted (322). Those thymocytes which do produce TNF in response to intrathymic
selective events would not undergo apoptosis and would eventually become mature G724+
thymccytes and lymphocytes (323). Tumour necrosis factor could also synergize v.:i
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interleukin 7 (IL-7) to induce expression of CD8 on thymocytes (378), a subset which is
virtually absent in DP rats, and induce thymocyte IL-2Re and IL-2Rp expression (380),
another defect associated with DP rat lymphocytes (83). These defects are associated with
the inability of DP rat lymphocytes to proliferate in response to alloantigen and T
lymphocyte mitogens even in the presence of exogenous IL-2 (77, 78), produce low levels
of IL-2 (83), and the fail to generate CD8* cytotoxic T lymphocytes in mixed lymphocyte
culture supplemented with IL-2 and IFN-y (44).

SUMMARY

Preliminary results presented in this chapter cemonstrate a generalized dysregulation of
TNF characterized by a deficiency in peritoneal cells, over-production in spleen cells which
may be attributed to autoreactive CD4* T lymphocytes, and a possible deficiericy in
thymocytes. Additional experiments will be necessary to determine whether deficient TNF
production within the thymus can be attributed to the lymphocyte defects observed in DP
rats and whether this defect can also be correcied by treatment with CFA.
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TABLE 5.1

EFFECTS OF TREATMENT CF BB RATS WITH COMPLETE FREUND'S (CFA)
ADJUVANT ON UNSTIMULATED CYTOSOLIC TNF BY DIFFERENT CELL TYPES

TNF production pg/

BBrat  Treatment 10° 10° 25 X 108
group in vivo PEC Splenocytes Thymocytes
DP Saline 0.060 = 0.0 0.140 = 0.060 0.387 = 0.013
DP CFA 0.065 + 0.002 0.112 = 0.019 1.138 + 0.014™
DR Saline 0.078 + 0.009"®  0.062 = 0.001 0.625 + 0.cG!
DR CFA 0.458 = 0.090 0.213 + 0.086*  0.565 + 0.12/
Note: Diabetes-prone (DP) and diabetes-resistant (DR) BB rats (ages 22-28 days)

were injected once with saline or complete Freund's adjuvant (CFA), then
17.4 4 days later cells were collected and frozen at -70°C and thawed
.. .ackly to determine cellular TNF. Values are Means = S.E. for TNF levels
for 3 DP, 9 DR, 12 DP-CFA, and 12 DR-CFA rats for peritoneal cells (PEC);
9 DP, 12 DR, 12 DP-CFA and 12 DR-CFA rats for splenocytes; 3 DP, 4 DR,
4 DP-CFA and 4 DR-CFA rats for thymocytes from one experiment.
Statistical significance was determined by the Mann-Whitney Test for
unpaired samples.

*P < 0.05, " P < 0.005 for DP vs. DR.
AP < 0.05, B P < 0.005 for saline vs. CFA.
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FIGURE 5.1

Tumour Necrosis Factor (TNF) Production by Peritoneal Cells Frem aline- or Complete
Freund's Adjuvant (CFA)-Treated Diabetes-Prone (DP) and Dicbetr s Resistant (DR) Rats
Stimulated /n Vitro. Peritone .i cells obtained from saline- and CFA-treated DP and DR BB
rats (age 49 days) were cultured for 6 hours in medium alone, in medium containing IFN-y
(102 U/mL) or in medium containing LPS (0.5 ug/mL). TNF levels in cell incubation medium
and cytosol (Mean + S.E.j are shown for 4 DR, 3 DP, 4 DR-CFA, and 4 DP-CFA rats from
one experiment. Statistical significance was determined by the Mann-Whitney Test for

unpaired samples.
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FIGURE 6.2

Tumour Necrosis Factor (TNF) Production by Spleen Cells From Saline- or Complete
Freund's Adjuvant (CFA)-Treated Diabetes-Prone (DP) and Diabetes Resistant (DR) Rats
Stimulated /n Vitro. Spleen cells obtained from saline- and CFA-treated DP and DR BB rats
(age 49 days) were cultured for 6 hours in medium alone, in medium containing IFN-y (10?
U/mL), in or medium containing LPS (0.5 ug/mL). TNF levels in cell incubation medium
and cytosol (Mean = S.E.) are shown for 4 DR, 3 DP, 4 DR-CFA, and 4 DP-CFA rats from
one experiment. Statistica! significance was determinud by the Mann-Whitney Test for

unpaired samples.
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FIGURE 5.3

Tumour Necrosis Factor (TNF) Production by Thymocytes From Saline- or Complete
Freund's Adjuvant (CFA)-Treated Diabetes-Prone (DP) and Diabetes Resistant (DR) Rats
Stimulated /n Vitro. Thymocytes obtained from sai.e- and CFA-treated DP and DR BB rats
(age 49 days) were cultured for 6 hours in medium alone, in medium containing Con A
(5 ug/mL), or in medium containing PHA (4.0 ug/mL). TNF levels in cell incubation medium
and cytosol (Mean = S.E.) are shown for 4 DR, 3 DP, 4 DR-CFA, and 4 DP-CFA rats from
one experiment. Statistical significance was determined by the Mann-Whitney Test for

unpaired samples.
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CHAFTER 6

TUMOUR NECROSIS FACTOR PRODUCTION BY LYMPHOID CELLS FROM YOUNG
DIABETES-PRONE RATS DIFFERS FROM OLD NON-DIABETIC DIABETES-PRONE BB
RATS

INTRODUCTION

Diabetes-prone (DP) BB/Wor rats develop insulin-dependent diabetes mellitus with an
incidence of 85% between 60 and 120 days of age with a frequency of less than 10%
beyond 120 days of age (381, 382). As demonstrated in chapters 3, 4, and 5, TNF
production was shown to be dysregulated in a tissue-specific manner. Deficient TNF
production by peritoneal cells from DP rats is thought to be associated with disease
development. Those DP rats that remain diabetes-free may produce levels of TNF similar
to diabetes-resistant (DR) rats. To test this hypothesis, TNF production by peritoneal cells,
spleen cells, and thymocytes after stimulation in vitro was measured in DP rats 40-49 days
of age and in nor.-diabetic DP rats 182-220 days of age. At the same time, cytosolic,
membrane-bound, and released TNF was measured to determine whether a cellular defect
in TNF biosynthesis exists.

RESULTS

Tumour Necrosis Factor Production by Peritoneal Cells and Spleen Cells irom Old 3B
Rats and Young BB Rats In Culture

In a preliminary experiment, an in vitro time course study was done to determine whether
old non-diabetic DP rat peritoneal cells and spleen cells had levels (released and
cytosolic) of TNF that were similar to DR rats.

As shown in FIGURE 6.1, peritoneal cells pooled from 4 young DP (DP-Y) rats released
greatly decreased amounts of TNF compared to peritoneal cells pooled from 4 young DR
(DR-Y) rats after culture for 3, 6, and 18 hours in medium alone, in medium containing
IFN-y, or in medium containing LPS. After culture in medium alone, released and cytosolic
TNF levels by peritoneal cells pooled from 4 old DP (DP-O) rats were similar to peritoneal
cells from young DR (DR-Y) and peritoneal cells pooled from 4 old DR (DR-O) rats. In
medium containing IFN-y, TNF levels from peritoneal cells from DP-O rats were similar to
DR-O rats. After culture in medium containing LPS, TNF levels by peritoneal cells from DP-
O rats were greater than by peritoneal cells from DR-Y rats and similar to DR-O rats.

As shown in FIGURE 6.2, released and cytosolic TNF levels by pooled spleen cells from
4 DP-Y rats were similar to TNF levels expressed by pooled spleen cells from 4 DP-O rats,
4 DR-Y rats and 4 NR-O rats cultured for 3, 6 and 18 hours in medium alone, in medium
containing IFN-y, or in medium containing LPS. Overall, no stark differences were seen
in TNF levels (released and cytosol) by spleen cells from young and old rats.

A more extensive study was done to confirm the findings in FIGURES 6.1 and 6.2
Unstimulated cytosol, membrane and total (cytosol + membrane) TNF levels were
measured. As shown in TABLE 6.1, no significant differences were seen in cytosolic TNF
levels in peritoneal cells from DP-Y and DR-Y rats, and DP-O and DR-O rats, however,
cytosolic TNF levels in peritoneal cells from DP-O rats are significantly greater compared
to DP-Y rats and DR- ~ compared to DR-Y rats. Membrane TNF levels in peritoneal cells
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from DP-Y rats were greater compared to membrane TNF levels in peritoneal cells from
DR-Y rats, and membrane TNF levels in peritoneal cells from DR-O rats were greater
compared to DP-O rats. Membrane TNF levels in peritoneal cells from DP-Y and DP-O rats
were similar while membrane TNF levels in peritoneal cells from DR-O rats were
significantly greater than from DR-Y rats. Total TNF (cytosol + membrane) levels from
peritoneal cells from DP-Y rats were greater than from DR-Y rats. Total TNF levels from
peritoneal cells from DP-O rats were significantly less than from DR-O rat, while total TNF
levels by peritoneal cells from DP-O rats were greater than from DP-Y rats, and total TNF
levels by peritoneal cells from DR-O rats were greater than from DR-Y rats.

TNF levels were measured in peritoneal cells after in vitro culture for 6 hours in medium
alone, or in medium containing LPS (FIGURE 6.3). Released TNF levels by unstimulated
peritoneal cells from DP-Y and DP-O rats were similar and were significantly lower
compared to DR-Y (P < 0.05) and DR-O (P < 0.001) rats. Released TNF levels by
peritoneal cells from DR-Y rats were significantly lower compared to DR-O (P < 0.05) rats.
In response to LPS stimulation, peritoneal cells from DP-Y rats released lower levels of
TNF, but not significantly compared to DP-O and DR-Y rats. Released TNF levels by DR-Y
rat peritoneal cells were also lower but not significantly, compared to DR-O rats.

Unstimulated cytosolic TNF levels in peritoneal cells from DP-Y rats were significantly lower
compared to peritoneal cells from DP-O (P < 0.05) and DR-Y (P < 0.05) rats. Unstimulated
cytosolic TNF levels in peritoneal cells from DR-Y and DR-O rats were similar while
cytosolic TNF levels in peritoneal cells from DP-Y rats were significantly lower compared
to DP-O (P < 0.05) rats. Unstimulated cytosolic TNF levels in peritoneal cells from DR-Y
rats were significantly lower compared to DR-O (P < 0.05) rats. Cytosolic TNF levels in
peritoneal cells from DP-Y rats cultured in medium containing LPS was significantly lower
compared those levels in peritoneal cells from DR-Y (P < 0.05) and DP-O (P < 0.05) rats.
Cytosolic TNF levels in peritoneal cells from DP-O rats were significantly lower compared
{o those levels in peritoneal cells from DR-O (P < 0.05) rats, and cytosolic TNF levels in
peritoneal cells from DP-Y rats were lower than from DR-Y rats. Cytosolic TNF levels by
DR-Y peritoneal cells were lower, but not significantly different from those levels from DR-O
rats. ‘ :

Finally, rmembrane TNF levels were measured in peritoneal cells after in vitro culture in
medium alon2 «¢ in medium containing LPS. While unstim:-iizted mem:brane TNF levels i
peritoneal cells from GP-Y and DP-O rats were lower, there were no significant differences
compared to those levels in peritoneal cells from DR-Y and DR-O rats. Although lower,
membrane TNF levels by peritoneal cells frc. n DP-Y rats were not significantly different
compared to those levels from peritoneal cel' from DP-O rats. There were no significant
differences in membrane TNF levels by peritoneal cells from DR-Y and DR-O rats.

Tumour Necrosis Factor Production by Spleen Cells from Old Non-Diabetic 8B Hats and
Young BB Rats After Culture In Vitro

Cytosolic, membrane and total (cytosolic + membrane) TNF levels wer. measured in
freshly isolated spleen cells from young (DP-Y and DR-Y) and old (DP-O and DR-O) BB
rats. As shown in TABLE 6.2, there are no significant differences in cytosolic TNF levels
in spleen cells from DP-Y rats compared to DR-Y and DP-O rats, DP-O rats compared to
DR-O rats, however, cytosolic TNF levels in spleen cells from DR-Y rats is lower than those
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levels in spleen cells from DR-O rats. These findings are similar for membrane and total
TNF levels, however, membrane TNF levels in spleen cells from DP-O rats are significantly
greater than those levels by spleen cells from DR-O and DP-Y rats.

Spleen cell TNF levels (released, cytosol and membrane) were measured after in vitro
culture for 6 hours in medium alone, in medium containing Con A, or in medium
containing LPS (FIGURE 6.4). DP-O rat spleen cells cultured in medium alone released
significantly greater levels of TNF compared to DR-O (P < 0.05) and DP-Y (P < 0.05) rats.
There were no significant differences in cytosolic or membrane TNF levels between the
four rat groups. DP-O and DR-Y rat spleen cells cultured in medium containing LPS
released significantly greater levels of TNF compared to those levels by spleen cells from
DR-O (P < 0.05 compared to DP-O and DR-Y rats) rats, while there were no significant
differences in cytosolic or membrane TNF levels between the four rat groups. There were
no significant differences in released TNF levels by spleen cells from DP-O rats and DR-O
rats or DP-Y rats and DR-Y rats after culture in Con A. Released TNF levels by spleen cells
from DP-O rats were significantly greater compared to those levels by spleen cells from
DP-Y (P < 0.05) rats, and DR-O rat compared to DR-Y (P < 0.05) rats. No significant
differences in cytosolic and membrane TNF levels by spleen cells were seen between DP-
O and DR-O rats, or DP-Y and DR-Y rats, however, cytosolic TNF levels in spleen celis
from DR-O rats were significantly greater than those levels in spleen cells from DR-Y (P
< 0.05) rats.

Tumour Necrosis Factor Production by Thymocytes from Old Non-Diabetic BB Rats and
from Young BB Rats After Culture In Vitro

Cytosolic, membrane and total (cytosolic + membrane) TNF levels were measured in
freshly isolated thymocytes from young (DP-Y and DR-Y) and old (DP-O and DR-O) rats
(TABLE 6.3). Cytosolic TNF levels in thymocytes from DP-Y rats were significantly greater
than those levels in thymocytes from DR-Y (P < 0.05) rats, while no significant differences
in cytosolic TNF levels in thymocytes were seen in DP-O and DR-O rats or DR-O and DR-Y
rats. No significant differences were seen in membrane and total TNF in thymocytes from
the four rat groups.

Thymocyte TNF levels (released, cytosol and membrane) were measured after in vitro
culture for 6 hours in medium alone, in medium containing Con A, or in medium
containing LF3 (FIGURE 6.L;. No significant differences in released, cytosolic, or
membrane TNF levels were seen in the four rat groups except released TNF by
thymocytes from DR-O rats was greater compared to those levels by thymocytes from DP-
O (P < 0.05) and DR-Y (P < 0.05) rats after culture in medium alone. No significant
differences in thymocyte TNF levels (released and cytosol) were seen after culture in
medium containing LPS. Membrane TNF levels in thymocytes from DP-Y rats were
significantly lower compared to levels in thymocytes from DP-O (P < 0.05) rats, and levels
by thymocytes from DR-Y rats compared to fevels in thymocytes from DR-O (P < 0.05)
rats. No significant differences in released, cytosolic, or membrane TNF levels were seen
in thymocytes cultured in medium containing Con A except for released TNF levels by
thymocytes from DR-O rats compared to levels by thymocytes fron. JR-Y (P < 0.05) rats.
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Tumour Necrosis Factor Levels in Unstimulated Peritoneal Cells and Sera from BB Rats
and other Rat Strains

In a separate series of experiments, unstimulated TNF d2vels were measured in peritoneal
cells or in sera of different rats strains. A shown in TABLE 6.4, no significant differences
could be seen in TNF levels (cytosolic, membrane and total) in freshly isolated DP rat
peritoneal cells when compared to other rat peritoneal cells except that cytosolic and total
(cytosolic + membrane) TNF levels by peritoneal cells from DP-Y rats were significantly
less when compared to levels by peritoneal cells from DP-O rats, and cytosolic, membrane
and total TNF levels by peritoneal cells from DR-Y rats were significantly lower compared
to those levels by peritoneal cells from DR-O rats. In addition, cytosolic and membrane
TNF levels in peritoneal cells from the WF rat, which shares the same MHC haplotype as
BB rats, were similar to levels by peritoneal cells from DP and DR rats, while total TNF
levels by peritoneal cells from WF rats were significantly lower compared total TNF levels
by peritoneal cells from DP-O and DR-O rats.

After culture in medium alone, released, membrane and total (released + cytosolic +
membrane) TNF levels by peritoneal cells from DP rats were significantly lower compared
to DP-O rats, while cytosolic and tc'4: (ieleased + cytosolic + membrane) TNF levels by
peritoneal cells were significantly low.: in DR-Y rats compared to DR-O rats (TABLE 6.5).
There were no significant differences in unstimulated TNF levels (release<, cytosolic,
membrane, total) by peritoneal cells from DP and DR rats compared to CFA-treated DP
and DR rats, or to Wistar Furth and Lewis rats.

Serum TNF levels from unstimulated DP and DR rats were measured and compared to
other rat strains (TABLE 6.6). Serum TNF values ranged from 1.65 pg/mL to 3.47 pg/mL
and were not significantly different between the groups.

DISCUSSION

In a preliminary experiment, TNF production (released and cytosolic) by old non-diabetic
DP rat peritoneal cells after stimulation in vitro was similar to young or cid DR rat
peritoneal cells, and greater than by young DP rat peritoneal cells. No differerices were
seen with spleen cells. A more extensive study was done in which cytosolic and
membrane TNF levels were measured in freshly isolated cells. Cytosolic and total
(cytosolic + membrane) TNF levels by young DP rat peritoneal cells were lower compared
to old DP rats. Unstimulated release of TNF by old DP rat peritoneal cells were similar to
young DP rats, however, LPS-stimulated release was similar to young DI¥ ~ ats suggesting
that those DP ra!s which escaped fromn developing diabetes may p2cuce sufficient
amounts of Ti*. Cyinsolic TNF levels irom young DP rats was sigificantly lower
compared * ol P rats while membrane levels from both young an.. i DP rats were
similar and i = - . ompared to young and old DR rats. Overall, these results suggest that
peritoneal cells from old DP rats have the ability to produce greater levels of TNF that may
be important in preventing diabetes. Furthermore, these results suggest that threshold
levels of TNF may be necessary in preventing diabetes. This conclusion is supported by
the findings that ireatment of DP rats with TNF (329), OK-432 (262), CFA (271), low doses
of IL-1 (285, 286), or with IL-2 (288), all of which activate macrophages and stimulate TNF
production, prevents diabetes development, and that administration of TNF which also
prevents WF islet xenograft rejection in C57BL/6J mice (328). These agents stimulate
sufficient threshold levels of TNF which that can act as an immunomodulator to suppress
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cellular immune function. As aresult, islet grafts ure not rejected and diabetes is prevented
in DP rats.

TNF was measured in freshly isolated spleen cells from unstimulated young and old non-
diabetic DP rats and DR rats. Membrane and total (cytosolic + membrane) TNF levels
were greater in old DP rat spleen cells compared to young DP and DR rat spleen cells.
Spleen cell TNF production was measured after stimulation in vitro. No significant
difference were seen between the four groups in response to Con A or LPS. As discussed
in chapter 5, a short culture time of 6 hours may be insufficient to determine whether a
defect or over-production exists. Because TNF was measured by bioassay, it was not
possible to determine which TNF species is (are) present and which is (are) most
abundant. To a limited extent, this may be determined by separating the spleen cell
subsets and determining their relative levels of TNF. However, the L929-8 TNF bioassay
does not discriminate between TNF-a and LTa, and does not detect LTp. Since TNF

iroduction by peritoneal cells is predominantly TNF-« and is increased in old non-diabetic
DP rat peritoneal cells, whole spleen cell TNF levels in these cells may contain a larger
amount of TNF-a compared to young DP rat spleen cells. Splenic macrophage TNF-a
production may be immuno-regulatory in a manner similar to administration of TNF (320),
or through the induction of other cytokines such as IL-10 (366).

No real differences in cytosolic, membrane or total (cytosolic + meraprane) TNF in freshly
isolaied thymocytes between the four groups could be seen. After 6 hours of stimulation
in vitro with Con A or LPS, no real differences could be seen. These results again suggest
that 6 hours of culture may be insufficient to determine whether TNF production is
deficient or over-produced by thymocytes frcm DP rats.

The opportunity was taken to compare TNF levels in freshly isolated peritoneal cells from
untreated DP and DR rats, frcm CFA-treated DP and DR rats, irom old DP and DR rats
and from WF and Lewis rats. No real differences could be seen between the eight groups
~xcept that in all cases both old DP and DR peritoneal cell TNF levels were greater, even
compared to CFA-treated rats but not after culture for 6 hours if* medium alone. Instead,
both old DP and DR rat peritoneal cell TNF levels were greater than their respective young
counierparts. The opportunity was also taken to examine unstimulated serum TNF levels
in these groups. While the levels varied, no real differences could be chserved.

The results prasented here suggest that macrophage TNF production is one factor which
may predict wh:ther OF -als become susceptible to developing diabetes. Additional
experiments couid be donwe to determine the role of TNF in disease susceptibility. Such
experiments would involve obtaining peritoneal lavages from a random sampling of at
leact 24 DP rats at 20-30 days of age, 120 days of age and 200 days of age, to measure
TNF production. Those animals that yield the greatest peritoneal cell TNF levels would be
considered as candidates that are least likely to develop diabetes. Other experiments
would involve purifying spleen and thymocyte subsets to determine whether a deficiency
or over-production exists.

These results also indicate that while overall TNF production (released, cytosolic and

membrane) is deficient in DP rat peritoneal cells, but not spleen cells or thymocytes, there
is not likely a defect in the processing of the TNF molecule. Rather, TNF production is
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repressed by young DP rat peritoneal cells. To determine whether this repression occurs
at the level of transcription or post-transcriptionally, molecular studies would be needed
to determine relative TNF transcript abundance. Normaltranscriptnumbers would suggest
that deficient TNF production occurs through a post-transcriptional block, while deficient
numbers of transcripts would suggest that repression occurs either at the level of signal
transduction, at the level of transcription, or in mRNA stability. Lastly, addition of
neutralizing antibodies to suppressor cytokines such as IL-4, IL-10 and members of the
prostaglandin family during culture would help to identify if any or all of these molecules
participate suppressing peritoneal cell TNF production.

Lastly, because cytosolic and membrane TNF levels in freshly isolated young DP rat
peritoneal cells and after culture in vitro in medium alone, appear similar to DR and CFA-
treated animals, this suggests that upon stimulation of TNF production, there may also be
stimulation of suppressor molecules. Again, the addition of neutralizing antibodies to
specific cytokines will help determine the cause of deficient TNF production by DP rat
peritoneal cells.

SUMMARY

Tumour necrosis factor production by peritoneal cells from DP rats that did not become
diabetic were greater than of young DP rats and similar to DR rats, suggesting that a
threshold level of TNF may be important in preventing diabetes. The results are
inconclusive with respect to spleen cells and thymocyte TNF production and require
additional experiments with increased culture times to determine which subsets produce
TNF and whether a deficiency or over-production exists. Finally, freshly isolated peritoneal
cells and peritoneal cells cultured in medium alone from young DP rats produce similar
levels of TNF compared to young DR rats and other rats strains suggesting that TNF
production is repressed rather than defective. Additional experiments are nece 'y to
determine whether this repression occurs at the receptor level, at the level —al
transduction, transcriptionally, or post-transcriptionally.
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TABLE 6.1

TNF LEVELS IN UNSTIMULATED PERITONEAL CELLS FROM
DIABETES-PRONE (DP) AND DIABETES-RESISTANT (DR)
BB RATS OF DIFFERENT AGES

TNF (pg/10°® cells)

BB rat
group Cytosol Membrane Total

DP-YOUNG 0.066 + 0.025% 0.236 + 0.033" 0.313 = 0.02174
DR-YOUNG 0.043 = 0.002* 0.085 * 0.023° 0.187 + 0.034"
DP-OLD 0.218 + 0.046 0.350 + 0.094" 0.657 + 0.122
DR-OLD 0.372 + 0.066 0.726 = 0.079 1.244 + 0.133

Note: Values are Means = S.E. for TNF levels in cell cytosol and
membrane fractions of peritoneal macrophages from 4 young (age
49 days) DP and DR BB rats and 4 old DP and 3 old DR (age 220
days) BB rats in one experiment.

"P < 0.05 compares DR to DP rats.
AP < 0.05, BP « 0.0001 compares YOUNG to OLD rats.
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TABLE 6.2

TNF LEVELS IN UNSTIMULATED SPLEEN CELLS FROM
DIABETES-PRONE (DP) AND DIABETES-RESISTANT (DR)
BB RATS OF DIFFERENT AGES

TNF (pg/10°® cells)

BB rat
group Cytosol Membrane Total

DP-YOUNG 0.049 + 0.005 0.042 = 0.002 0.134 = 0.007

DR-YOUNG 0.041 = 0.001 0.041 + 0.023 0.127 + 0.068
DP-OLD 0.057 + 0.006 0.059 + 0.003" 0.161 = 0.007*
DR-OLD 0.050 + 0.002* 0.047 + 0.002 0.137 + 0.002

Note: Values are Means + S.E. for TNF levels in cell cytosol and
membrane fractions of whole spleen cells from 4 young (age 49
days) DP and DR BB rats and 4 old DP and DR (age 220 days) BB
rats in one experiment.

*P < 0.05 compares DR to DP rats.
AP < 0.05 compares YOUNG to CiD rats.
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TABLE 6.3

TNF LEVELS IN UNSTIMULATED THYMOCYTES FROM
DIABETES-PRONE (DP) AND DIABETES-RESISTANT (DR)
BB RATS OF DIFFERENT AGES

TNF (pg/25 X 10° cells)

BB rat
group Cytosol Membrane Total

DP-YOUNG 0.068 + 0.007"*  0.064 = 0.006 0.179 = 0.013
DR-YOUNG 0.040 :+ 0.001 0.063 = 0.007 0.147 = 0.009
DP-OLD 0.050 + 0.005 0.061 = 0.009 0.159 = 0.012
DR-OLD 0.040 = 0.0 0.087 = 0.0 0.167 = 0.0

Note: Values are Means = S.E. for TNF levels in cell cytosol and
membrane fractions of whole thymocytes from 4 young (age 49
days) DP and DR BB rats and 4 old DP and 1 old DR (age 220

days) BB rats in one experiment.

*P < 0.05 compares DR to DP rats.
AP < 0.05 compares YOUNG to OLD rats.
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TABLE 6.4

TNF LEVELS IN UNSTIMULATED PERITONEAL
CELLS FROM DIFFERENT RAT STRAINS

TNF ( 5 X 10° cells)

rat group Cytosol Membrarie Total

DP 0.33 = 0.09 1.41 = 0.31 1.74 = 0.34

DR 0.44 = 0.16 1.17 = 0.38 1.62 = 0.41

DP-CFA 0.56 = 0.07 1.35 = 0.38 1.91 = 0.41

DR-CFA 0.61 = 0.16 1.36 = 0.38 1.97 = 0.40

DP-OLD 295 + 0.33® 2.39 + 0.28 534 + 0.57°
DR-OLD 3.56 = 0.78° 2.56 = 0.44* 6.11 = 1.128
WF 0.27 = 0.04 0.63 + 0.16 0.93 += 0.16°
LEWIS 0.67 = 0.30 0.99 + 0.31 1.67 + 0.35

Note: Values are Means = S.E. for TNF levels in cell
cytosol, membrane, and total (cytosol + membrane)
fraction of peritoneal cells for 6 rats of each strain

from one exoeriment.

*P < 0.001 for BB rats compared to other strains.
AP < 0.05, BP < 0.005 for DR and DP rats compared
to DR-O and DP-O rats.



TABLE 6.5

TNF LEVELS IN UNSTIMULATED PERITONEAL CELLS FROM
DIFFERENT RAT STRAINS AFTER CULTURE /N VITRO

rat

TNF (pg/0.5 X 10° cells/6 hr)

group Released Cytosol Membrane Total

DP 219+ 035 1.23 =040 1.00 = 0.19 4.42 = 0.52

DR 206 + 048 062 = 0.12 251 + 0.83 465 = 1.04

DP-CFA 255+ 049 037 = 0.12 0.71 = 0.22 3.63 = 028

DR-CFA 449 x212 0.69 =032 1.28 = 0.38 6.46 = 2.29

DP-OLD 3.86 = 049" 1.33 = 0.31 3.91 = 222"  6.85x 0.5
DR-OLD 405+ 0.80 221 +0317 228 + 049 8.55 = 1.3%
WF 585 =218 1.13 = 0.54 0.76 = 0.37 7.74 = 3.06
LEWIS 336 +0.87 052 =020 0.54 = 0.17 4,42 = 1.21

Note: Values are Means * S.E. for TNF levels in the medium, cell cytosol,

membrane, and total (medium + cytosol + membrane) fractions
of peritoneal cells for 6 DR, 8 DP-CFA, 6 LEWIS, 6 Wistar Furth
(WF), 6 DR-OLD, and 6 DP-OLD rats, 5 DP and 5 DR CFA rats from
one experiment.

*P < 0.05, " P < 0.01 for DR and DP rats compared to DR-OLD
and DP-OLD rats.
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TABLE 6.6

SERUM TNF LEVELS FROM DIFFERENT
RAT STRAINS (UNSTIMULATED)

Rat grcup TNF {pg/mL serum)
DP 2.31 = 0.41

DR 2.40 = 0.52
DP-CFA 1.65 = 0.12
DR-CFA 3.47 = 0.84
DR-OLD ND

DP-OLD ND

WF 251 = 0.70
LEWIS 1.66 = 0.17

Note: Values are Means + S.E. for serum
TNF levels from 6 rats/strain in
one experiment.
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FIGURE 6.3 :
Peak TNF Production by Peritoneal Cells From Young and Old DR and DP Rats after

Stimulation /n Vitro. Peritoneal cells obtained from young DP and DR (DP-Y and DR-Y;
ages 40 days) and old non-diabetic DP and DR (DP-O and DR-O; ages 170 days) were
cultured for 6 hours in complete medium alone (basal), in medium containing IFN-y (10°
U/mL), or in medium containing LPS (0.5 ug/mL) as described in Materials and Methcds.
TNEF levels in cell incubation medium, cell cytosol, and cell membrane (Mean + S.E.) are
shown for 4 DP-V, 4 DR-Y, 3 DP-O and 3 DR-O rats in one experiment. Statistical
significance was determined by the Mann-Whitney Test for unpaired samples.
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FIGURE 6.4

TNF Production by Spleen Cells From Young and Old DR and DP Rats after Stimulation
In Vitro. Spleen cells obtained from young DP and DR (DP-Y and DR-Y; ages 40 days)
and old non-diabetic DP and DR (DP-O and DR-O; ages 170 days) were cultured for 6
hours in complete medium alone (basal), in medium containing Con A (5 ug/mL), or in
medium containing LPS (0.5 ug/mL) as described in Materials and Methods. TNF levels
in cell incubation media, cell cytosol, and cell membrane (Mean + S.E.) are shown for 4
DP-Y, 4 DR-Y, 4 DR-O, and 4 DP-O rats in one experiment. Statistical significance was
determined by the Mann-Whitney Test for unpaired samples.
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FIGURE 6.5 :

TNF Production by Thymocytes From Young and Old DR and DP Rats after Stimulation
In Vitro. Thymocytes obtained from young DP and DR (DP-Y and DR-Y; ages 40 days)
and old non-diabetic DP and DR (DP-O and DR-O; ages 170 days) were cultured for 6
hours in complete medium alone (basal), in medium containing Con A (5 ug/mL), or in
medium containing LPS (0.5 ug/mL) as described in Materials and Methods. TNF levels
in cell incubation media, cell cytesol, and cell membrane (Mean + S.E.) are shown for 4
DP-Y, 4 DR-Y, 4 DR-O, and 4 DP-O rats in one experiment. Statistical significance was
determined by the Mann-Whitney Test for unpaired samples.
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CHAPTER 7

SERUM TUMOUR NECROSIS FACTOR RESPONSES ARE INCREASED IN DIABETES
PRONE BB RATS: A POSSIBLE RELATION TO DEFICIENT CORTICOSTERONE
RESPONSES

INTRODUCTION

Insulin-dependent diabetes in the BB rat is a polygenic disease involving lymphoid cells
and their soluble polypeptide products, cytokines. Cytokines have been demonstrated to
be cytotoxic islet cells in vitroand include interleukin 1 (IL-1), tumour necrosis factor (TNF),
lymphotoxin (LT), and interleukin 6 (IL-6)(142-159). However, diabetes-prone (DP) BB rats
chronically treated with IL-1, TNF, or LT are protected against disease development (270,
285, 286, 300, 328, 329, 334, 335), as are those animals which are treated with adjuvants
such as OK-432, a streptococcal cell wall product (262), or complete Freund's adjuvant
(CFA)(236).

Tumour necrosis factor, IL-1 and IL-6 production which can be induced by macrophages
after stimulation with endotoxin or lipopolysaccharide (LPS) canin turn stimulate endocrine
function associated with the hypothalamic-pituitary-adrenal (HPA) axis (383). In particular,
these cytokines stimulate increased production of HPA-associated endocrine products
culminating with adrenocorticotropic hormone (ACTH) and corticosterone (383).
Glucocorticoids can feedback negatively on the macrophage to suppress cytokine
synthesis (384). Together, cytokines and endocrine products constitute the immune-HPA
(IHPA).

More recently, defects within the IHPA have been implicated with autoimmune disease.
LEWIS rats develop a form of rheumatoid arthritis after injection with streptococcal cell wall
(SCW), and a form of muitiple sclerosis, experimental allergic encephalomyelitis (EAE) after
injection with a myelin basic protein (MBP)-CFA admixture (385, 386). Both of these
autoimmune diseases are thought to occur, in part, as aresult of adefcctin corticotropin-
releasing hormone production (385, 386). Obese strain (OS) chickens devalop a form of
spontaneous Hashimoto's thyroiditis which is associated with increased amounts of
corticosteroid-binding globulin (CBG) and a deficiency in plasma corticosterone levels
(387).

Animal models of autoimmune diseases attributed to defects within the immune-
hypothalamic-pituitary axis (IHPA), may be the result of faulty negative-feedback networks.
These same faulty networks may extend to the BB rat model of human insulin-dependent
diabetes meliitus. To test the hypothesis that a defect in the IHPA exists and contributes
to diabetes development in the BB rat, serum TNF and corticosterone levels were
measured in DP and diabetes-resistant (DR) rats at various times after stimulation in vivo.
This study was extended to determine whether CFA-protected DP rats had increased
corticosterone levels.
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HESULTS
Tumour Necrosis Factor in the Serum of Diabetes-Prone (DF) and Diabetes-Resistant BB

Rats After Stimulation In Vivo

In preliminary experiments, serum TNF levels were measured in DP and DR rats after
stimulation in vivo. DP and DR rats were stimulated in vivo by intravenous injection of
saline, IFN-y (10° U), LPS (500 ug) or IFN-y followed by LPS as described in Materials
and Methods: The scatter plot shows the results of these preliminary experiments (FIGURE
7.1). No significant differences in serum TNF levels were seen after stimulation in vivo with
saline, IFN-y, or LPS. Serum TNF levels do appear to be somewhat greater for DP rats
compared to DR rats after stimulation with IFN-y + LPS and serum TNF values for DPrats
appear to be skewed into two populations.

Serum TNF and Corticosterone Levels in Different Rat Strain After Stimulation with
Lipopolysaccharide (LPS)

Serum TNF and corticosterone levels in DP, DR, LEWIS and WF rats were measured after
stimulation in vivo with PBS (FIGURE 7.2) or with LPS (FIGURE 7.8). Serum corticosterone
levels were measured in samples provides to Dr. S. Harvey, Department of Physiology,
University of Alberta. In response to PBS, serum TNF levels were not significantly different
in the rat groups, however, DR corticosterone levels were significantly greater 0.5 and 1
hour after activation compared to DP (P < 0.01 for both 0.5 and 1 hour). Serum TNF levels
were not significantly different between the four rat groups 0.5 hours and 1 hour after LPS
stimulation, whereas serum TNF levels were significantly greater for WF rats compared to
DR (P < 0.01) and DP (P < 0.01) rats, LEWIS rats compared to DP rats (P < 0.01), and
DR rats compared to DP rats (P < 0.05) after 2 hours after stimulation with LPS. Serum
corticosterone levels were significantly greater for DR rats compared to DP (P <0.01) rats
0.5 hours after LPS stimulation while no significant differences were seen between the
other groups. Serum corticosterone levels were significantly greater for LEWIS rats
compared to DP rats 1 hour (P < 0.05) and 2 hours (P < 0.05) after LPS stimulation. No
other significant differences were seen at 1 hour. Two hours after LPS stimulation, LEWIS
corticosterone levels were significantly greater compared to DRrats (P < 0.05), and serum
corticosterone levels from WF rats were greater than DP rats (P s 0.01).

In a second experiment, serum TNF and corticosterone levels were measured in DP, DR,
LEWIS, and WF rats after stimulation in vivo with LPS (FIGURE 7.4). However, in this
experiment, the rats were sacrificed and exsanguinated differently from those presented
in Figures 7.2 and 7.3. No significant differences in 0 hour serum TNF levels were
observed between DR, DP, WF and LEWIS rats. DR rat serum corticosterone levels were
significantly greater compared to serum corticosterone levels from DP rats (P < 0.05), WF
rats (P < 0.05), and LEWIS rats (P < 0.05). At 0.5 hours after LPS stimulation in vivo,
serum TNF levels from DR rats were significantly greater than levels from LEWIS (P < 0.01)
and WF (P < 0.01) rats, while levels from DP rats were significantly greater than from WF
rats (P < 0.05). There were no significant differences in serum corticosterone levels
between the 4 rat groups at 0.5 hours. At 1 hour post-LPS stimulation, DR rat serum TNF
levels were significantly greater than LEWIS (P < 0.0001) and WF (P < 0.0001) rats, and
DP rat serum TNF levels compared to LEWIS (P < 0.001), but not WF rats. No significant
differences were seen in serum corticosterone iavels between the 4 rat groups at this time
point. Serum TNF levels from DP rats were significantly greater compared to LEWIS (F <
0.0005), and DR (P < 0.01) rats 2 hours after stimulation in vivo with LPS, and while
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greater than WF rat serum TNF levels, was not significant. Serum TNF levels from DR rats
were significantly greater than from LEWIS rats (P < 0.05), while serum TNF levels from
WF rats were significantly greater than both DR (P < 0.0005) and LEWIS (P = 0.0001) rats.
No significant differences in serum corticosterone levels could be seen between the 4 rat
groups at this time point.

Serum TNF and cort;costerone levels were measured in DP, DP-CFA, DR, and DR-CFA
rats stimulated in vivo with LPS (FIGURE 7.5). Serum TNF levels from DR-CFA rats were
significantly greater than serum TNF levels from DP-CFA rats at 0 hours (P < 0.05). At0.5
hours after LPS stimulation, serum TNF levels from DP rats were significantly greater than
serum TMF levels from DP-CFA rats (P < 0.05). No significant differences were seen in the
other rat groups at 0.5 hours or for the four groups at 1 and 2 hours after LPS stimulation.
Serum corticosterone levels from DR-CFA rats were significantly greater than serum
corticosterone levels from DP-CFA rats at 0 hours (P < 0.05) and 0.5 hours (F = 0.05)
after LPS stimulation. No significant differences between the other rat groups were seen
at 0 and 0.5 hours after LPS stimulation, and ne significant differences were seen at1and
2 hours after LPS stimulation for the 4 rat groups.

To determine whether peritoneal cells TNF levels contribute to serum TNF levels,
peritoneal cells obtained from 0 and 1 hour time point rats were cultured in vitro for 3
hours. Released, cytosolic and membrane TNF levels were measured (FIGURE 7.6).
Released TNF levels by unstimulated peritoneal cells were similar for the 4 rat groups
although TNF levels by peritoneal cells from DR rats were greater. A significant difference
in membrane TNF levels from peritoneal cells were observed between DR and DP rats (P
< 0.08), and in cytosolic TNF levels in peritoneal cells from DR rats compared to LEWIS
rats (P < 0.05). In response to in vivo stimulation with LPS, released TNF levels by
peritoneal cells from DR and DP rats were significantly greater than LEWIS (P < 0.01 for
DR and P < 0.05 for DP) and greater than WF (P < 0.05 for DR and DP). Cytosolic TNF
levels in peritoneal cells from DR rats were significantly greater than in peritoneal cells from
LEWIS rats (P < 0.05) and membrane TNF levels compared to WF rats (P < 0.01). No
other significant differences were observed.

DISCUSSION

In a preliminary experiment, serum TNF levels were compared between DP and DR BB
rats after stimulation in vivo with interferon-y (IFN-y), lipopolysaccharide (LPS) or the
combination. No significant differences could be seen between DR and DP rats after
injection of PBS. However, increases in serum TNF levels could be seen after injection of
IFN-y, LPS, or the combination.

In a second experiment, serum TNF and corticosterone levels were measured in DP, DR,
Wistar Furth (WF), and LEWIS rats at different times after injection of PBS or LPS. In
response to PBS, serum TNF levels were similar in all four animal groups, however, serum
corticosterone levels in DR rats were greater at 0.5 and 1.0 hours than those levels in DP
rats. Serum corticosterone levels differed among the four rat groups in response to PBS
injection. However, it is not likely the PBS itself, but rather, the anaesthetizing procedure
itself stressed the rats, resulting in the increased corticosterone levels. These animals were
anaesthetized by subcutaneous injection of Somnotol and the handling and injection of
Somnotol itself may be responsible for the physical stress resulting in increased serum
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corticosterone levels, at least in DR and WF rats (388). In response to LPS, serum TNF
levels were not different between the four groups early (0.5 and 1.0 hours), while both
LEWIS and WF rat serum TNF levels were greater than DR and DP rat serum TNF levels
at the 2.0 hour time point. Serum corticosterone levels from DP rats did not change
throughout the treatment time whereas DR rat serum corticosterone levels were greater
early (0.5 and 1.0 hours) and decreased in contrast to both LEWIS and WF. From this
experiment, it appears that TNF released into the serum can have a positive effect on the
induction of corticosterone, but not in DP rats.

Another experiment was done with efforts to minimize any external stressor that may affect
serum cytokine and corticosterone levels. Animals were not anaesthetized after the LPS
injection time points, but instead, were decapitated thereby eliminating the possible
artificial increases in serum corticosterone associated with handling and injection of
Somnotol. No significant differences were seen in serum TNF levels at 0 hours between
the four rat groups, whereas serum corticosterone levels were greater from DR rats
compared to the other rat groups. Serum TNF levels were greater in DR rats than LEWIS
and WF, but not DP at the 0.5 hour time point and both DR and DP were greater than
LEWIS and WF at the 1.0 hour time point. In contrast, no differences were seen in
corticosterone levels at 0.5 hours. Only DR corticosterone levels were greater than LEWIS
and WE levels at 1.0 hours. At 2.0 hours post-LPS treatment, serum TNF levels were
greatest in DP rats followed by WF rats and finally DR rats. However, the pattern of serum
TNF levels by DP rats appears not to plateau compared to WF rats. Serum corticosterone
levels by DR rats are greater from O and 0.5 hours, and peaked at 1.0 hour compared to
the other rats. In DP, LEWIS and WF rats, this peak occurred at 0.5 hours. A reduction in
serum TNF levels is only evident from WF and LEWIS rats. Overall, these results suggest
that corticosterone production in DR rats can regulate release of TNF into the serum.
However, corticosterone production in DP rats appears low compared to both the DR rat
and to the MHC-matched WF rat and is similar to the LEWIS rat. This may help to explain
the apparent dysregulation of TNF production and the excessive release of TNF into the
serum of DP rats. Furthermore, it appears that like the OS chicken and the LEWIS rat, that
defects within the immune-hypothalamic-pituitary axis may contribute to the susceptibility
of diabetes in DP rats (384-386).

The effect of CFA on serum TNF and corticosterone levels in DR and DP rats was
investigated. Unstimulated serum TNF levels from CFA-treated DR rats were greater than
those levels from CFA-treated DP rats, however serum corticosterone levels were greater
in CFA-treated DP rats than CFA-treated DR rats. At later time points, serum TNF levels
after LPS administration were similar except at 0.5 hours in which serum TNF levels were
greater in DP rats. No differences in serum corticosterone levels were present at later time
points. Therefore, it is not likely that CFA regulates serum corticosterone production.

It has beei reported that physical stress promotes diabetes in BB rat with an increase in
incidence and at an earlier age (389). This is in accord with a second report in which
diabetes in BB rats was decreased by low dose cortisone treatment (308). Together, these
studies suggest that physical stress which is an inducer of corticosterone production may
be detrimental to DP rats by reducing further, an already impaired TNF response, similar
to low dose cortisone treatment. From the results presented above and cited literature,
corticosterone production appears to be, to a limited extent, impaired in DP rats. This
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could result in the observed excessive serum TNF levels at later time points after LPS
administration.

It has been reported that a steroid transport protein, termed corticosteroid binding globulin
(CBG) is defective in DP rats. This defect is attributed to a point mutation whereby a
methionine at position 276 is substituted by isoleucine. This substitution results in a
reduced binding affinity for corticosterone to 66% of that Wistar rats and an increased rate
of dissociation of corticosterone from CBG (304). Together, an apparent impaired
production of corticosterone combined with a defective steroid transport protein may also
contribute to DP rat diabetes development. It is interesting to note that DR rat serum
corticosterone levels are in excess when compared to DP and WF rats. While no reports
are available describing a mutation in DR rat CBG, this defect may none-the-less be
present as well. In order to compensate, DR rats may have developed a mechanism by
which over-production of corticosterone increases the ability of the defective CBG to
transport corticosterone to the target cell, and down-regulate macrophage cytokine
production including TNF.

Finally, released, cellular and membrane TNF levels were measured in unstimulated
peritoneal cells from DR, DP, WF and LEWIS rats, and after stimulation in vivo with LPS
for 1 hour. Released TNF by both DR and DP rat peritoneal cells are greater compared
to WF and LEWIS rats, and DR is greater compared to DP rats. These results suggest that
one cell population that may contribute to the serum TNF levels observed are peritoneal
cells. However, other cell sources of TNF should not be discounted and include blood
neutrophils (390), spleen cells including T and B lymphocytes and splenic macrophages
(391) and endothelial cells (392). The endothelial cells is a good candidate since it has
been recently shown that these cells express CD14, one of a family of LPS receptors.
Since endothelial cells line the surface of blood vessels, LPS can directly induce cytokine
release into the blood and serum.

Diabetes-resistant BB rats appear to release excessive amounts of corticosterone into the
serum. It would be of interest to determine whether DR rats, like DP rats also have a
mutant form of CBG, and to determine whether excessive corticosterone production is
compensatory. To address this question, two experiments could be done. The first
experiment would be to adrenalectomize the DR rats and follow them for diabetes
development. The second experiment would be to adrenalectomize DR rats and depiete
the lymphoid cells of RT6* cells and follow them for diabetes development.

SUMMARY

The results presented here suggest that corticosterone production by DP rats may be
defective (deficient) and when combined with a defective corticosterone binding globulin
may be unable to regulate (suppress) release of TINF into the serum by suppressing
macrophages and other cell sources of TNF. In addition, DR rats have elevated serum
levels of corticosterone which may act to suppress release of TNF into the serum. There
also appears to be no direct effect of CFA on either corticosterone production or release
of TNF into the serum. Finally, peritoneal cells may be one cell subset that contributes to
the release of TNF into the serum. These results suggest that like other animal models of
autoimmune disease, diabetes susceptibility in BB rats may also be associated with
defects within the immune-hypothalamic-pituitary axis.
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FIGURE 7.2

Serum TNF and Corticosterone Levels in Diabetes-Resistant (DR), Diabetes-Prone (DP),
LEWIS and Wistar Furth (WF) Rats Stimulated /n Vivo. DR, DP, LEWIS, and WF rats (ages
29-43days) were injected intravenously with saline as described in Materials and Methods.
At 0.5, 1.0,°1.5 and 2.0 hours, blcod was drawn and sera prepared. Serum TNF and
corticosterone levels (Mean = S.E.) are shown for 6 DR, 6 DP, 6 LEWIS, and 6 WF rats’
for each time pnint in 2 matched experiments. Statistical significance was determined by
the Mann-Whitney Test for unpaired samples.
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Serum TNF and Corticosterone Levels in Diabetes-Resistant {DR), Diabetes-Prone (DP),
LEWIS and Wistar Furth (WF) Rats Stimulated /n Vivo. DR, DP, LEWIS, and WF rats (ages
29-43 days) were injected intravenously with lipopolysaccharide (LPS 500 ug) as
described in Materials and Methods. At 0.5, 1.0, 1.5 and 2.0 hours, blood was drawn and
sera prepared. Serum TNF and corticosterone levels (Mean * S.E) are shown for 6 DR,
6 DP, 6 LEWIS, and 6 WF rats for each time point in 2 matched experiments. Statistical
significance was determined by the Mann-Whitney Test for unpaired samples.
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Serum TNF and Corticosterone Levels in Diabetes-Resistant (DR}, Diabetes-Prone (DP),
LEWIS and Wistar Furth (WF) Rats Stimulated /n Vivo. DR, DP, LEWIS, and WF rats (ages
40-45 days) were injected intravenously with lipopolysaccharide (LPS 500 ug) as
described in Materials and Methods. At 0, 0.5, 1.0, 1.5 and 2.0 hours, blood was drawn
and sera prepared. Serum TNF and corticosterone levels (Mean + S.E.) are shown for 9
to 12 DR, DP, LEWIS, and WF rats for each time poi
significance was determined by the Mann-Whitney Test for unpaired samples.
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Serum TNF and Corticosterone Levels in Diabetes-Resistant (DR), Diabetes-Prone (DP),

and Complete Freund's Adjuvant (CFA)-Treated DP and DR Rats Stimulated /n Vivo. DR,
DP, DR-CFA, and DP-CFA rats (ages 40-45 days) were injected intravenously with
lipopolysaccharide (LPS 500 ug) as described in Materials and Methods. At0,0.5,1.0,1.5
and 2.0 hours, blood was drawn and sera prepared. Serum TNF and corticosterone levels
(Mean = S.E.) are shown for 3to 6 DR, DP, DP-CFA, and DR-CFA rats for each time point
in one experiment. Statistical significance was determined by the Mann-Whitney Test for

unpaired samples.
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TNF Production by Peritoneal Cells From Diabetes-Resistant (DR), Diabetes-Prone (DP),
LEWIS and Wistar Furth (WF) Rats Stimulated /n Vivo. Peritoneal cells were obtained from
0 hour and 1 hour injection times described in Figure 7.4, and were cultured for 3 hours
in complete medium as described in Materials and Methods. TNF contents in culture
media (released), cell cytosol, and cell membrane (Mean =+ S.E.) are shown for 6 rats per
group per condition from one experiment. Statistical significance was determined by the

Mann-Whitney Test for unpaired samples.
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CHAPTER 8

POLYCLONAL ANTISERUM TO TUMOUR NECROSIS FACTOR REVERSES COMPLETE
FREUND'S ADJUVANT-MEDIATED PROTECTION AGAINST DIABETES DEVELOPMENT

IN DIABETES-PRONE BB RATS

INTRODUCTION
The BB rat is an animal model of human insulin-dependent diabetes mellitus (1, 2).

Diabetes development can be prevented by immunosuppressive and immunoregulatory
therapies. Included in the genre oi immunosuppressive therapies are bone marrow
transplantation (193-197, 200), neonatal thymectomy and or thymic transplantation (201,
204, 205), lymphocyte transfusion (207, 208, 211, 212), chronic administration of
antibodies to cell surface proteins and cell lymphocyte subsets (214-216, 219-221), and
pharmacological agents (226-233). Immunoregulatory therapies which prevent diabetes
include mitogens and lectins (263, 264), adjuvants (232, 236, 261, 265-272, 275-277, 280),
and cytokines (270, 280, 285, 286, 289, 300, 311, 328-330, 334, 335).

In chapter 3, it was demonstrated that tumour necrosis factor (TNF) production by
diabetes-prone (DP) BB rat peritoneal cells was deficient, and treatment with complete
Freund's adjuvant (CFA), while protecting against diabetes development, also increased
DP rat peritoneal cell TNF production. On the other hand, spleen cell TNF levels in DP rats
are excessive, and treatment of DP rats with CFA reduces these excessive TNF levels.
However, it is not known whether CFA is protective by increasing peritoneal cell TNF levels
directly or whether it acts through other mechanisms. To address the hypothesis that CFA
protects against diabetes development by increasing peritoneal cell TNF production, CFA-
protected DP rats were treated with a polyclonal antisera to TNF and followed for diabetes

development.

RESULTS

Effects of a Rabbit Polyclonal Antisera on TNF-Mediated Cytotoxicity of L929-8 Cells.
Rabbit polyclonal antiserum to TNF was prepared. Prior to, and during the immunization
procedures, sample bleeds were obtained and neutralizing activity against murine TNF-a-
mediated cytotoxicity of L929-8 cells was measured. As shown in TABLE 8.1, sera from
five different rabbits demonstrated no neutralizing activity prior to immunization. Four days
after the last immunization, rabbit sera were again tested for their neutralizing activity
against TNF-mediated cytotoxicity of L929-8 cells. Serum from rabbits 1, 3 and 4 were
capable of inhibiting TNF-mediated L929-8 cell killing by 100% with dilutions ranging from
0.06-529.3 X 10% and 50% killing with dilutions ranging from 0.3-314.6 X 108,

Presence of Semi-Furified Rabbit Antisera to TNF in Rat Sera

TABLE 8.2 shows the specific neutralizing activity of semi-purified polyclonal antibodies
to TNF in comparison to a commercial source. Pooled sera from rabbits’ 1 and 4 were 10-
fold more potent than the commercial source. After 5 injections of semi-purified TNF
antisera, sera from experimental DP rats demonstrated the presence of specific
neutralizing activity against TNF as determined by a specific EL!SA and ranged from 1 to
2.7 X 10* specific neutralizing units.
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Neutralization of TNF-Mediated Killing of L929-8 Cells by Serum from Anti-TNF Antiserum-
Injected Rats

Anti-TNF activity in sera from experimental rats were tested in the L929-8 TNF bioassay
(TABLE 8.3). Neutralization of nearly 100% of 50 pg/mL of TNF in the L929-8 bioassay was
achieved using sera from experimental rats 1 and 2 at 1: 100 dilution, and greater than
60% neutralization by sera from rats 3 and 4.

Effect of Antiserum to TNF-e¢ on CFA-Mediated Protection Against Diabetes in Diabetes-
Prone BB Rats

in a preliminary experiment, CFA did not protect against diabetes (64% vs. 63% for PBS-
treated control DP rats). Treatment with semi-purified antisera to murine TNF-a to CFA-
treated DP rats decreased diabetes incidence to 43%, however, this was not statistically
significant as determined by the Fisher Exact Test (FIGURE 8.1).

The experiment was repeated by Dr. Rabinovitch and his laboratory staff. The results in
FIGURES 8.2, 8.3 and 8.4 were generously lent to me for continuity of my thesis and are
not results generated as part of my own thesis research. Complete Freund's adjuvant
protected against diabetes in DP rats by reducing the incidence of diabetes to 50%. This
protection was reversed with chronic administration of a sheep antiserato murine TNF and
resulted in an increase in incidence of diabetes to 75%, similar to PBS-treated controls
(80%). The combination of CFA and control sheep sera resulted in an incidence of
diabetes of 44%, not significantly different from CFA-treated rats (50%).

Effect of Tumour Necrosis Factor on Diabetes in Diabetes-Prone BB Rats

Daily administration of 20 ug TNF-« to DP rats protects against diabetes development
resulting in 7 of 19 (37%) becoming diabetic compared to PBS-treated rats in which 15
of 18 (83%) became diabetic by 110 days of age. These results were statistically
significant (P < 0.01) as determined by the Fisher Exact Test.

Effect of Sheep Antiserum to TNF Against Diabetes in Diabetes-Prone BB HRats
Diabetes-prone BB rats were treated chronically with a sheep antisera to murine TNF to
determine whether antisera alone could affect diabetes development in DP rats. The
results in FIGURE 8.4 show that sheep antisera to TNF does not influence diabetes
development in DP rats and resulted in an incidence of diabetes of 82%, similar to PBS-
treated (92%), or PBS + control sera-treated rats (71%). No statistical differences were
observed between the experimental and control animal groups as determined by the
Fisher Exact Test.

DISCUSSION

Complete Freund’s adjuvant (CFA) protects against diabetes development in DP BB rats.
However, the mechanism(s) by which CFA protects against disease is not completely
understood. While it was shown that CFA-treated DP rat peritoneal cells had increased
TNF levels compared to untreated DP rats, it is unknown whether this increase in TNF
production contributes directly or indirectly to prevention of diabetes.

In a preliminary experiment, CFA-treated DP rats were treated with an antisera to murine

TNF or with normal rabbit sera starting at 26 days of age. The results are inconclusive in
this experiment since CFA alone did not mediate any form of protection against diabetes
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development. One explanation for this lack of CFA-mediated protection may have been
the route of treatment. These animals were treated through the footpads as opposed to
the traditional peritoneal route. Footpad protection was problematic and not reliable since
it has been observed previously that treatment by this route did not increase peritoneal
cell TNF levels (results not shown). One explanation for the protective effect of
intraperitoneal administration of CFA is the proximity of both the spleen and pancreas.
Macrophages from the peritoneum may traffic to, and extravasate into the spleen and
pancreas to mediate a suppressor effect. In contrast, macrophages from peripheral lymph
nodes such as popliteal lymph nodes may not traffic to either of these organs, and
therefore not mediate any suppressor effect. Administration of TNF antisera would either
have no effect or may worsen the already deficient status of the DP rat. Furthermore, there
was anti-TNF activity in the antisera since whole antiseraand semi-purified sera did display
significant TNF-neutralizing activity. The semi-purified antisera used for treatment had a
10-fold greater specific neutralizing activity against TNF-« than did reference antisera. In
addition, serum samples from experimental animals prepared 3 days after administration
of the last dose displayed between 63 and 93% neutralizing activity against 50 pg/mL
recombinant murine TNF-a.

In a repeat experiment, CFA was administered intraperitoneally rather than in the footpad
prior to treatment with sheep TNF antisera. I this experiment, TNF antisera was
administered starting at 80 days of age, and reversed the protection observed with CFA
resulting in an incidence of diabetes similar to PE&-ireated rats. These results suggest that
one mechanism by which may CFA protect & ;unst diabetes development is to act
through increased systemic TNF production. The administration of CFA may act in a
manner similar to that observed in a companion experiment in which the administration
of TNF-a protein directly reduces the incidence of diabetes. This further supports the
notion that CFA prevents diabetes by increasing peritoneal cell TNF production.

These results are in accord with other studies. Non-obese diabetic (NOD) mice treated
with wheat flour lipopolysaccharide (WLPS) had the same level of protection against
diabetes when compared to TNF-a administration (263). In addition, NOD mice treated
with a streptococcal cell wall preparation, OK-432, while protecting against diabetes, also
increased serum TNF-a levels (269, 270). Administration of serum from NOD mice
prevented diabetes in naive NOD mice comparable to recombinant TNF and this
protection could be blocked by the simultaneous treatment with an anti-TNF antibody
(269). In addition, myeloid-like cells from NOD mice treated with CFA, had modest
increases in TNF-a production (275). In contrast to the protective effects of mitogens,
lectins, and adjuvants which increase TNF production, it was demonstrated that neonatal
administration of anti-TNF-a antibodies prevents rather than induces diabetes (332).
Furthermore, neonatal treatment with TNF-a protein induces rather than protects against
diabetes (332). It is possible that neonatal administration of anti-TNF-« antibodies may
suppress thymic ontogeny to a levelin which autoreactive lym phocytes undergo apoptosis
during either positive or negative selection and as a result never enter the periphery.

Additional experiments may be necessary to understand the role of TNF in the prevention
of diabetes. These experiments could include: the administration of adjuvants, TNF-a or
anti-TNF-a antibodies followed by phenotyping the changes in thymocyte, lymphocyte and
monocyte/macrophage subsets compared to controls. This would allow for one to
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determine whether TNF-a plays a positive role in lymphoid cell ontogeny and in
maturation/differentiation of monocytes/macrophages to the suppressor phenotype. To
define the effects of TNF in preventing diabetes, mutant forms of TNF-a which bind
specifically to TNF-R can be employed to determine whether increased amounts of TNF
preferentially bind to, and mediate activation through one or the other of these receptors.
Lastly, cytokines known to be induced by TNF can be examined in TNF- or CFA-treated
animals, or anti-TNF-a antibody-treated animals in order to determine whether a defect in
TNF production results in a generalized defect in other cytokines.

SUMMARY

The results presented here confirm the observation presented in chapter 3 in which DP
rat peritoneal cells produce reduced amounts of TNF, and that administration of CFA while
protecting against diabetes, increases peritoneal cell TNF levels from DP rats.
Furthermore, the results presented here are in accord with the results presented in
chapter 5, whereby non-diabetic DP rats produce sufficient threshold amounts of TNF.
Finally, administration of CFA is as effective in preventing diabetes in DP rats as the
administration of recombinant TNF, and that CFA-mediated protection can be reversed by
the administration of an antisera to TNF. These resuits suggest that TNF is important in
preventing diabetes.
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TABLE 8.1

NEUTRALIZATION OF MURINE TNF-¢ ACTIVITY ON
L929-8 CELLS BY RABBIT SERUM

TITRE (DILUTION—" X 10°)

RABBIT PRE-IMMUNE* POST-IMMUNES®
100% 50%

1 0.0 8.19 196.6

2 0.0 0.06 0.3

3 0.0 529.3 314.6

4 0.0 131.1 262.1
5¢ 0.0 0.0 0.0

A Pre-immunization bleed.
B Post-immunization period; 100% and 50% neutralization.
¢ Control immunized rabbit.
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TABLE 8.2

DETECTION OF ANTIBODIES TO MURINE TNF-a IN RABBIT ANTISERUM AND
IN SERA OF DP RATS TREATED WITH RABBIT ANTISERUM TO MURINE TNF-«

SOURCE RABBITIlg  ANTI-TNF-a Ig SPECIFIC NEUTRALIZING ACTIVITY

(mg/mL) (U/mL) AGAINST TNF-a (pg/mL)(X 10%)

RABBITA

1+ 4 33.78 10.000 400.00
5 14.04 0.001 0.05
TNF- 18.85 1.000 40.00
antisera
RAT®

1 0.29 0.050 2.10
2 0.29 0.070 2.70
3 0.16 0.030 1.00
4 0.26 0.040 1.60
5 0.01 0.000 -
6 0.72 0.000 -
7 0.13 0.000 -
8 0.09 0.000 -

Apfter (NH,).SO, precipitation, antiserum from rabbits’ 1 and 4 were pooled and
a commercial source of rabbit anti-murine TNF-« antiserum.

BSera was obtained 3 days (rats 1, 2, 5, 6) and 5 days (rats 3, 4, 7, 8) from
randomly selected experimental (1-4) and control-treated (5-8) rats after 5
injections of antiserum.
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TABLE 8.3

NEUTRALIZATION OF MURINE TNF-o ACTIVITY AGAINST L929-8 CELLS BY
SERA OF DP RATS TREATED WITH RABBIT ANTISERUM TO MURINE TNF-«

SOURCE” DILUTION 0.DB % NEUTRALIZATION
50 pg/mL TNF-&©
1+4 1:100 0.419 104
1:200 0.358 89
TNF- 1:1000 0.429 123
antiserum 1:2000 0.409 117
RAT
1 1:100 0.328 93
2 1:100 0.361 96
3 1:100 0.281 74
4 1:100 0.257 63

A Anti-TNF activity was assessed from (NH,).SO, precipitated rabbit
serum (1 + 4), from a commercial source of TNF-« antiserum and
from DP rats injected with 1 + 4.

B Optical density of viable L929-8 cells after culture with 50 pg/mL of
murine TNF-a and dilutions of antiserum.

¢ Physiological dose of TNF-a.
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CHAPTER 9

DEFICIENT TUMOUR NECROSIS FACTOR PRODUCTION BY PERITONEAL CELLS FROM
DIABETES-PRONE BB RATS IS NOT DUE TO THE ABSENCE OF
LIPOPOLYSACCHARIDE RECEPTORS

INTRODUCTION

In chapter 3, it was shown that tumour necrosis factor (TNF) production by diabetes-prone
(DP) BB rat peritoneal cells was deficient after stimulation in vitro and in vivo with
lipopolysaccharide (LPS), interferon gamma (IFN-y), or the combination compared to
diabetes-resistant (DR) BB rats. In those experiments it was also shown that peritoneal
cells from DP rats which were treated with a single intraperitoneal injection of complete
Freund's adjuvant (CFA), had TNF levels that were similar to peritoneal cells from DRand
DR-CFA rats.

Lipopolysaccharide (LPS) activates macrophages for cytotoxic activity and cytokine
production including TNF-« (393) by binding to, and activating different lipopolysaccharide
receptors (LPS-R). These include receptors of 40 kDa, 70-80 kDa, CD1 1/18 and scavenger
receptors (394). In addition, a 53 kDa glycosyl-phosphatidylinositol anchored membrane
protein, CD14 is important in LPS-induced TNF-a production (395). However, LPS binding
to CD14 requires prior association with a 60 kDa serum protein called lipopolysaccharide
binding protein (LBP) (396, 397). The LPS-LBP complex binds to CD14 to mediate
macrophage activation and TNF-« production. Because TNF production is severely
reduced in DP rat peritoneal cells compared to DR rats in response to LPS, this suggests
there may be a deficiency in the numbers of, or defects in LPS-R or CD14 on these cells.

Deficient production of TNF in DP rat peritoneal cells may be due to deficient numbers of,
or defects in, cell surface receptors such as LPS-R and CD14. Complete Freund's
adjuvant may correct these deficiencies or defects resulting in increased TNF production.
This hypothesis was tested by the following strategy. Peritoneal cells from DP and DR rats
were double-stained for the peritoneal macrophage marker, OX-43 and for
lipopolysaccharide receptors (LPS-R) including CD14 to determine whether a deficiency
in surface expression of LPS-R and/or CD14 correlates with deficient TNF production.
Tumour necrosis factor levels were greater by peritoneal cells from old non-diabetic DP
rats compared to young DP rats and were included in this study for comparison.

RESULTS

Flow Cytometric Analysis of Peritoneal Macrophages from BB Rats

Relative numbers of leukocytes and macrophages from the peritoneum of the different BB
rat groups were determined by two colour flow cytometry. The total number of leukocytes
as measured by OX-1 expression obtained by peritoneal lavage from the different BB rat
groups ranged from 83 to 97%. Total numbers of OX-43* macrophages from the different
rat groups ranged from 62 to 77% except for those of old DP rats which were 52%
(TABLE 8.1). Representative 2 colour dot-plots of unstained, second antibody-stained and
leukocyte-positive (OX-1*)/macrophage-positive (OX-43*) cells are found in Figures 9.1,
9.2, and 9.3, respectively.
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Lipopolysaccharide Receptor Expression on Peritoneal Cells From BB Rats

Release of TNF in response to LPS or IFN-y + LPS is significantly lower in DP rat
peritoneal cells compared to DR rats suggesting that a deficiency in cell surface
expression of lipopolysaccharide receptor expression may exist. Peritoneal cells were
stained for both lipopolysaccharide receptor (LPS-R) or CD14 cell surface expression by
an indirect method using fluorescein isothiocyanate-conjugated (FITC)-LPS. Total (single
positive and double positive) LPS-R* cells ranged from 80 to 80% and were similar in all
rat groups (TABLE 9.2). Complete Freund's adjuvant treatment significantly increased the
percentages of LPS-R* OX-43~ peritoneal cells from DR-CFA rats compared to young (P
< 0.001) and old (P < 0.005) rats, and DP-CFA rats compared to young (P < 0.001) and
old (P < 0.05) DP rats. However, CFA treatment significant decreased the percentages of
LPS-R* OX-43* macrophages from both DR-CFA rats compared to young and old (P <
0.001) DR rats, and DP-CFA rats compared to young (P < 0.001) and old (P < 0.005) DP
rats. This decrease was not due to losses in peritoneal cell macrophage numbers, butdue
to a loss of OX-43 cell surface expression on cells obtained from CFA-treated rats. The
number of macrophages are similar in these populations (TABLE 9.1). A representative
two-colour dot-plot for LPS-R*/OX-43* cells is presented in Figure 9.4.

Complete Freund’s adjuvant significantly increased the percentages of total (single positive
and double positive) CD14* peritoneal cells from DR-CFA rats compared to young (P <
0.001) and old (P < 0.001) DR rats (TABLE 9.3). Complete Freund'’s adjuvant treatment
significantly increased the percentages of total (single positive and double positive) CD14*
peritoneal cells from DP-CFA rats compared to young (P < 0.001) and old (P < 0.05) DP
rats. Similar to LPS-R* cells, CFA treatment of DR and DP rats significantly decreased the
expression of OX-43 on macrophages expressing CD14 (CD14* OX-43*) compared to
young (P < 0.001) and old (P < 0.001) DR rats, and young (P < 0.001) DP rats,
respectively. Again, this is not due to a loss in the numbers of macrophages (TABLE 9.1)
but due to the loss of OX-43 cell surface expression on these cells. A representative two-
colour dot-plot CD14+*/0X-43* cells is presented in Figure 9.5.

Fluorescence intensity (FL1) of LPS-R and CD-14 expressing cells were analyzed from
single histograms and two-colour dot plots (TABLE 8.4). Complete Freund's adjuvant
significantly decreased the fluorescence intensity (FL1) in LPS-R* peritoneal cells from DR-
CFA rats compared to young (P < 0.05) and old (P < 0.01) DR rats, and Xmean (—/+)
compared to old DR rats (P < 0.005). Complete Freund's adjuvant significantly decreased
the fluorescence intensity (FL1) in LPS-R* peritoneal cells from DP-CFA rats compared to
young (P < 0.01) and old (P < 0.05) DP rats, Xmean (+/+) compared to young (P < 0.05)
and old (P < 0.001) DP rats, and Xmean (—/+) compared to young DP rats (P < 0.05).
In contrast, CFA treatment significantly increased the Xmean (+/+) intensity in CD14*
peritoneal cells from DR-CFA rats compared to young (P < 0.001) and old (P < 0.005) DR
rats, and fluorescence intensity (FL1) in CD14* peritoneal cells from DP-CFA rats
compared to old DP rats (P < 0.05), and Xmean compared to young DP rats (P < 0.01).

Peak channel fluorescence of LPS-R and CD-14 expressing peritoneal cells were analyzed
from single histograms and two-colour dot plots (TABLE 9.5). Complete Freund's adjuvant
significantly decreased the peak channel fluorescence in LPS-R* peritoneal cells from DR-
CFA rats compared to young (P < 0.05) and old (P < 0.001) DR rats, and in LPS-R*
peritoneal cells from DP-CFA rats compared to young (P < 0.05) and old (P < 0.05) DP
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rats. In contrast, CFA treatment significantly increased the peak channel fluorescence of
CD14* peritoneal cells from DR-CFA rats compared to young (P < 0.005) and old (P <
0.005) DR rats. No significant differences were observed in CD14* peritoneal cells from
DP-CFA rats compared to pertioneal cells from young and old DP rats.

DISCUSSION

Deficient TNF production is implicated in the onset of insulin-dependent diabetes mellitus.
In Chapter 3, it was shown that TNF proc c*on by DP rat peritoneal cells is deficient after
stimulation in vitro or after stimulation in . vo with IFN-y, with LPS, or the combination. It
was also shown that peritoneal cells obtaied from CFA-treated DP rats had released
increased amounts of TNF after stimulatior in vitro. These preliminary findings were
extended in this chapter to determine whe' "1 the deficient TNF production by these
pertioneal cells correlates with deficient nume s of LPS-R and/or CD14.

Deficient TNF production by DP rat peritoneal celi. does not correlate with lower numbers
of peritoneal leukocytes or more importantly, peritoneal macrophages. In previous
experiments, priming of DP rat peritoneal cells with IFN-y concurrently with LPS does not
correct deficient TNF production when compared to stimulation with LPS alone had
suggested that there may be deficient peritoneal cell LPS-R and/or CD14 cell surface
expression. As shown in this chapter, LPS-R or CD14 expression on peritoneal cells and
macrophages is not deficient. Complete Freund's adjuvant treatment inuivased the
numbers of cells expressing LPS-R and CD14 molecules, and increased the number of
receptors/cell in the macrophage population, at least with CD14. The first conclusion that
can be drawn from these experiments is that deficient TNF production by DP rat peritoneal
macrophages is not due to a decreased numbers of cells expressing LPS-R or CD14 nor
is it due to a deficiency in the number of receptors expressed on the surface of these
cells. However, this does not rule out the possibility that these receptors may be defective
intransducing a signal necessary for activation of the macrophage and production of TNF.
These results also suggest indirectly, that TNF production may be suppressed by an
unidentified factor(s).

Unexpectedly, it was shown that the peritoneal macrophage cell surface marker, OX-43,
was greatly reduced on peritoneal macrophages from CFA-treated DR and DP rats. The
loss of this cell surface marker occurred as a result of culturing CFA-treated DP and DR
peritoneal cells in the presence of LPS. No loss of cell surface expression of OX-43
occurred with peritoneal cells from PBS-treated or untreated DR and DP rats. This is the
first report of the loss of OX-43. No information on the function of 0X-43 has been
reported except that it is a heat-resistant 90 kDa protein that is not decreased on activated
or 4-day thioglycollate-stimulated peritoneal cells. Furthermore, it does not seem to play
any role in macrophage phagocytosis (360). It is plausible that OX-43 may be a
differentiation/maturation marker specific to macrophages in the peritoneal cavity, and that
an additional effect of CFA may be to induce further differentiation/maturation of the
peritoneal macrophage population and hence increase TNF production in response to
stimuli. This does seem plausible since increases in TNF production may act in an
autocrine manner resulting in macrophage differentiation and/or maturation (321). Further
support for the actions of CFA as a differentiation/maturation factor in DP rat peritoneal
macrophages is the increase in CD14 expression. CD14 expression can be up-regulated
in immature macrophage cell lines in response to PMA, IFN-y, or vitamin D3. Treatment
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with TNF-« or LPS also induces CD14 (398). Since PMA, IFN-y, vitamin D3 and LPS are
known to stimulate TNF production, it is plausible that CFA, through the action of
increased TNF production results in increased CD14 expression. Maturation differences
between untreated and CFA-treated DP rat peritoneal macrophages is also suggested by
the inability of the former to adhere to fetal bovine serum-tissue culture-treated plastic
dishes whereas peritoneal macrophages from CFA-treated DP rats do (personal
observation). OX-43 does not appear to be involved in TNF production since
unmanipulated peritoneal macrophages from DP rats stained for both the OX-43 and LPS-
R/CD14. A more detailed study into BB rat macrophage maturation and/or differentiation
is suggested and may be a possible avenue for future research.

SUMMARY

Deficient TNF production is not related to deficient numbers of LPS-R and CD14 since
peritoneal cells from untreated and CFA-treated DP rats express these receptors.
However, there is an apparent increase in the number of pertioneal cells which express
these receptors, and an increase in the number of receptors per cell from those animals
which were CFA-treated. Furthermore, the novel observation, that of the loss of the 0OX-43
marker on CFA-treated macrophages suggests that CFA could participate, albeit,
indirectly, with macrophage maturation or differentiation to become TNF production
competent. These results suggest that deficient TNF production by DP rat peritoneal cells
is not due to deficiencies in LPS-R and CD14 expression, but rather may be due to a
generalized suppression of cytokine production. Future experiments could be done to
determine whether generalized suppression of cytokine production occurs in DP rat
peritoneal cells. These experiments would include the addition of pharmacological agents
or neutralizing antibodies to known suppressor molecules such as members of the
prostaglandin family, or cytokines such as interleukin 4, interleukin 10, and interleukin 13
and measuring TNF levels after stimulation in vitro with IFN-y, LPS or the combination.
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TABLE 9.1

FLOW CYTOMETRIC DETERMINATION OF

PERITONEAL CELLS FROM BB RATS

BB rat Percent Positive Cells

group OX-1 TTL OX-1* OX-43— OX-1* OX-43*
DR 90.0 £ 0.5 16.7 = 0.6 73.3 £ 0.8
DP 86.1 = 0.8 134 =+ 1.3 727 £ 1.2
DR-OLD 82.6 = 3.8 13.8 £ 1.6 68.8 > 4.6
DP-OLD 86.2 = 2.0 339 = 41 52.2 + 4.2
DR-CFA 96.6 = 0.3 35.0 = 21 61.9 £ 2.2
DP-CFA 936 = 1.2 16.3 = 2.2 77.3 £ 2.8
NOTE: Values are Means = S.E. for percent positive cells

from 7 young diabetes-resistant (DR) and diabetes-
prone (DP), 4 old non-diabetic DR (DR-OLD) and DP
(DP-OLD), and 3 complete Freund’s adjuvant-treated
DR (DR-CFA) and DP (DP-CFA) rats from one
experiment.
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TABLE 9.2

TWO-COLOUR FLOW CYTOMETRIC ANALYSIS OF LIPOPOLYSACCHARIDE
RECEPTOR (LPS-R)-POSITIVE PERITONEAL CEILS FROM BB RATS

BB rat Percent Positive Cells

group TTL LPS-R* LPS-R* OX-43— LPS-R* OX-43* TTL OX-43*
DR 835 + 1.5 33.3+1.0 50.1 £ 1.4 50.1 + 1.4
DP 89.2 + 1.0 332 +24 56.0 £ 29 56.0 = 2.9
DR-OLD 81.7 = 4.7 31.0+ 1.9 50.7 = 5.3 50.7 = 5.3
DP-OLD 89.2 + 40 69.4 + 2.1 19.9 + 5.3 19.9 + 5.3
DR-CFA 799 =+ 1.0 70.4 + 11"¢ 9.5 + 02"8 9.5+ 02"8
DP-CFA 90.1 = 1.3 63.8 = 4.7 A 26.4 + 35"¢ 26.4 + 35"¢

NOTE: Values are Means = S.E. for percent positive cells from 7 young diabetes-
resistant (DR) and diabetes-prone (DP), 4 old non-diabetic DR (DR-OLD)
and DP (DP-OLD), and 3 complete Freund’s adjuvant-treated DR (DR-
CFA) and DP (DP-CFA) rats from one experiment.

P < 0.001 compares DR-CFA to DR and DP-CFA to DP.

AP < 0.05, BP < 0.005, °P < 0.001 compares DR-CFA to DR-OLD and DP-
CFA to DP-OLD.
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TABLE 9.5

PEAK CHANNEL FLUORESCENCE OF LIPOPOLYSACCHARIDE
RECEPTOR (LPS-R) AND CD14 ON BB RAT PERITONEAL CELLS

BB rat Peak Channel Fluorescence
group LPS-R CD14

DR 717+ 79 128 + 1.9
DP 658 £ 75 12.8 + 1.6
DR-OLD 63.2 + 2.4 10.1 = 1.4
DP-OLD 547 £ 6.9 185 + 5.9
DR-CFA 30.4 + 2.2"¢ 278 + 3.1"8
DP-CFA 339 = 0.9"* 18.4 + 5.0

NOTE: Values are Means + S.E. for peak
channel fluorescence. Values were
obtained from single colour
histograms.

P < 0.05, "P < 0.005 compares DR-CFA to
DR and DP-CFA to DP.

AP < 0.05, BP < 0.005, °P < 0.001 compares
DR-CFA to DR-OLD and DP-CFA to DP-OLD.
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Representative two-colour dot-plots of unstained peritoneal cells from young (Y), old (0),
and complete Freund's adjuvant (CFA)-treated diabetes-prone (DP) and diabetes-resistant
(DR) rats. Vertical (x-axis; FL1) and horizontal (y-axis; FL2) markers were set to exclude
unstained cells. Cells to the right of the vertical marker and above the horizontal marker
are considered positive for labelling. Positive cells are considered autofluorescent.
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FIGURE 9.2

Representative two-colour dot-plots of control second antibody-labelled peritoneal cells
young (Y), old (0), and complete Freund's adjuvant (CFA)-treated diabetes-prone (DP)
and diabetes-resistant (DR) rats. Cells remained unlabelled for FL.1 and were labelled with
a goat anti-mouse F(ab'),-PE (phycoerythrin) antibody (FL2). Vertical (x-axis; FL1) and
horizontal (y-axis; FL2) markers were set to exclude unstained cells. Cells to the right of
the vertical marker and above the horizontal marker are considered positive.
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FIGURE 9.3

Representative two-colour dot-plots of antibody-labelled peritoneal cells from young (Y),
old (0), and complete Freund's adjuvant (CFA)-treated diabetes-prone (DP) and diabetes-
resistant (DR) rats. Cells were labelled with OX-1 + goat anti-mouse-F(ab'),-PE (FL2) and
OX-43-FITC (FL1). Vertical (x-axis; FL1) and horizontal (y-axis; FL2) markers were setto
exclude unstained cells. Cells to the right of the vertical marker and above the horizontal
marker are considered positive.
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Representative two-colour dot-plots of antibody-labelled peritoneal cells from young (Y),
old (0), and complete Freund's adjuvant (CFA)-treated diabetes-prone (DP) and diabetes-
resistant (DR) rats. Cells were labelled with FITC-conjugated LPS in PBS (FL1) and OX-43
+ goat anti-mouse F(ab’),-PE (FL2). Vertical (x-axis; FL1) and horizontal (y-axis; FL2)
markers were set to exclude unstained cells. Cells to the right of the vertical marker and
above the horizontal marker are considered positive for labelling.
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FIGURE 9.5
Representative two-colour dot-plots of antibody-labelled peritoneal cells from young v,

old (0), and complete Freund's adjuvant (CFA)-treated diabetes-prone (DP) and diabetes-
resistant (DR) rats. Cells were labelled with FITC-conjugated LPS in 10% goat serum (FL1)
and OX-43 + goat anti-mouse F(ab’),-PE (FL2). Vertical (x-axis; FL1) and horizontal (y-
axis; FL2) markers were set to exclude unstained cells. Cells to the right of the vertical
marker and above the horizontal marker are considered positive for labelling.
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CHAPTER 10

ALTERNATE MECHANISMS OF MACROPHAGE ACTIVATION FAIL TO STIMULATE
DIABETES-PRONE BB RAT PERITONEAL CELL TUMOUR NECROSIS FACTOR
PRODUCTION: CORRECTION BY INDOMETHACIN OR COMPLETE FREUND'S
ADJUVANT

INTRODUCTION

Activation of macrophages and release of tumour necrosis factor (TNF) can be mediated
by bacterial products such as lipopolysaccharide (LPS)(393), cytokines such as interleukin
2 (IL-2) and interferon gamma (IFN-y)(399, 400), activators of protein kinase such as
phorbol, 12-myristate, 13-acetate (PMA), and calcium channel agonists such as A23187
(401). Lipopolysaccharide activates macrophages and TNF production by receptor-
dependent mechanisms involving protein kinases (401), while IFN-y acts through its
receptor to activate Ca?* mobilization and calmodulin-dependent protein kinases (402).
In contrast, TNF-« production can be suppressed by lymphocyte and macrophage
cytokines such as interleukin 4 (IL-4)(403), interleukin 10 {IL-10) (404), interleukin 13 (IL-
13)(405), and members of the prostaglandin family including PGE, (406). Cytokines can
regulate macrophage activation and cytokine production, and more importantly, these cells
can autoregulate their own cytokine production through IL-10, IL-13 and PGE,.

As shown in chapter 3, TNF production by diabetes-prone (DP) BB rat peritoneal cells iS
deficient in response to stimuli in vivo or in vitro. In chapter 9, it was shown that levels of
LPS-R and CD14 were not deficient on these cells, thereby excluding deficiencies in LPS-R
numbers as a cause for defective TNF production. However, this does not exclude the
possibility of defects in signal transduction mechanisms through different LPS-R or
through the IFN-y receptor. There is the possibility that no defects exists in receptor
activation of signal transduction mechanisms but rather, TNF production by DP rat
peritoneal cells is suppressed by cytokines or prostaglandins. Furthermore, itis not known
whether DP rat peritoneal cell TNF production is also deficient in response to other agents.

Deficient TNF production can be corrected in those DP rats which were CFA-treated and
these levels are similar to diabetes-resistant (DR) and DP rats which never developed
diabetes (DP-OLD). However, it is not known by which mechanism(s) CFA corrects this
deficiency. The hypothesis that defects in receptor-mediated signal transduction
mechanisms or suppression by cytokines or prostaglandins may be responsible for
deficient TNF production by DP rat peritoneal cells and correction of these defects or
suppression was tested. The strategies used to test the hypothesis involved repeating
earlier experiments in which DP rat peritoneal cells were stimulated with IFN-y and LPS,
and extended in experiments whereby T, cytokines, IFN-y and/or IL-2, and protein kinase
and/or calcium channel agonists were used to determine whether normal TNF production
was stimulated or whether defects in signal transduction pathways leading to TNF may
responsible for this deficiency. Finally, experiments were done to determine whether
another macrophage product, prostaglandin E, was responsible for suppressing TNF
production and whether non-specific immunostimulation down-modulates PGE,.
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RESULTS

TNF Production after Stimulation In Vitro

Peritoneal cells were incubated in vitro in control medium, in medium containing IFN-y,
LPS or in medium containing IFN-y + LPS (for concentrations, see legend)(FIGURE 10.1).
Under these conditions, release of TNF (pg/5 X 10° cells) was significantly lower for DP
ihan DR peritoneal cells incubated in control medium (P < 0.01), in medium containing
LPS (P < 0.001 for DR vs. DP and P < 0.005 for DR-OLD vs. DP-OLD), and in medium
containing IFN-y + LPS (P < 0.01 for DR vs. DP and P < 0.05 for DR-OLD vs. DP-OLD).
These findings are similar to those presented earlier.

Release of Tumour Necrosis Factor Remains Deficient in Response to Helper T
Lymphocyte Proinflammatory Cytokines

Deficient release of DP rat peritoneal cell TNF in response to LPS or IFN-y + LPS is not
due to decreased expression of LPS-R and/or CD14, suggesting that a defect(s) may be
associated with the receptor itself or in signal transduction pathways associated with these
receptors. Proinflammatory cytokines from helper T, lymphocytes including IL-2 and IFN-y
are capable of stimulating TNF production by peritoneal cells. These cytokines were used
in combination together to stimulate TNF production in DP rat peritoneal cells. Results are
shown in Figure 10.2. Peritoneal cells from DP rats stimulated with IL-2 released
significantly less TNF compared to DR rat peritoneal cells (P < 0.005 for DP vs. DR and
P < 0.01 for DP-OLD vs. DR-OLD), with IL-2 + IFN-y (P < 0.05 for DP vs. DR and P <
0.005 for DP-OLD vs. DR-OLD), and LPS + IL-2 (P < 0.001 for DP vs. DR and P < 0.01
for DP-OLD vs. DR-OLD).

Receptor-Independent Activation of Peritoneal Cells by Phorbol, 12-Myristate, 13-Acetate
and Calcium Channel Agonists Fail to Increase DP Aat TNF Production

The above experiments indicating that TNF production by DP peritoneal cells remains
deficient after treatment with T,, lymphocyte proinflammatory cytokines, IL-2 and IFN-y,
and IL-2 + LPS suggests that a defect may be present in signal transduction pathways
rather than with the LPS-R or CD14 receptors. Two known signal transduction pathways,
protein kinases and Ca?*-stimulated calmodulin-dependent protein kinases were activated
directly with phorbol, 12-myristate, 13-acetate (PMA), A23187, or PMA + A23187 (Figure
10.3). Peritoneal cells from DP rats produced significantly less TNF compared to DR rat
peritoneal cells in response to PMA (P < 0.05 for DR vs. DP), to A23187 (P < 0.001 for DR
vs. DP and P < 0.01 for DR-OLD vs. DP-OLD) and to PMA + A23187 (P < 0.001 for DR
vs. DP and DR-OLD vs. DP-OLD). These results suggest that there are no defects inthese
two signal transduction pathways leading to deficient TNF production, but rather, TNF
production by DP rat peritoneal cells may be suppressed by other cytokines or
prostaglandins.

Stimulation with the Combination of Lipopolysaccharide and Indomethacin Eliminates the
Differences in Tumour Necrosis Factor Production by Peritoneal Cells from DP and DR
Rats

The above results indicate that receptor co-stimulation with Ty, cytokines nor direct
stimulation of two signal transduction pathways eliminates the differences in TNF
production by DR and DP peritoneal cells. These results do suggest, however, that there
may be a generalized suppression of cytokine production in DP rat macrophages and that
this suppression can be overcome after treatment with CFA.
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Peritoneal cells from DP and DR rats that had been treated with saline or CFA 10-14 days
earlier were collected and then cultured in medium alone, in medium containing LPS, in
medium containing indomethacin (INDO), or in medium containing LPS + INDO (see
legend for concentrations). Released TNF was measured after 6 hours of in vitro cuiture
(Figure 10.4). Released TNF by LPS-stimulated DP peritoneal cells was significantly less
than when LPS + INDO stimulated (P < 0.05) and is similar to peritoneal cells from DP-
CFA rats cultured with LPS alone or LPS + INDO. TNF release by peritoneal cells from DP
and DP-CFA rats were similar after culture with INDO alone.

Addition of indomethacin to DP rat peritoneal cells cultured with LPS had TNF levels
comparable to those observed from CFA-treated DP rat peritoneal cells, suggesting that
prostaglandins may be responsible for the deficiency (suppression) in TNF production
observed. In this experiment, unstimulated release of TNF by PBS-treated DR rat
peritoneal cells were greater than observed in earlier experiments, and usually similar to
those levels observed by PBS-treated DP rat peritoneal cells. As a result, TNF production
by CFA-treated DR rat peritoneal cells in response to all stimuli appear reduced.

Levels of prostaglandin E, (PGE,) were determined in samples of the same media used
to determine released TNF (Figure 10.5). Prostaglandin E, levels were significantly reduced
in media from peritoneal cells from DR-CFA or DP-CFA rats after stimulation with LPS
when compared to DR-PBS (P < 0.01) and DP-PBS (P < 0.001) rats, respectively.
Prostaglandin E, levels were significantly decreased in all rat groups after cufture in media
containing LPS + INDO when compared to culture in media containing LPS only (P <
0.005 for DR; P < 0.01 for DR-CFA; P < 0.001 for DP-PBS; and P s 0.005 for DP-CFA).
These results suggest that TNF production by DP rat peritoneal cells suppressed by over-
production of PGE, or hyper-sensitivity to PGE,.

DISCUSSION

The results above show that TNF production by DP rat peritoneal cells remains deficient
after stimulation with T,, cytokines, IFN-y and IL-2, in combination with each other and in
combination with LPS. This further suggests that deficient TNF production may be due to
defects in receptor-mediated signal transduction pathways. To address this, DP rat
peritoneal cells were activated with PMA, A23187 or in combination which activate protein
kinases and Ca2*-stimulated calmodulin-dependent protein kinases. Since these agents
activate cells directly without binding specific receptors, a general assessment of these
two signal transduction pathways were done. Again, TNF production remained deficient.
These results suggest that deficient TNF production by DP rat peritoneal cells is not due
to either defects in transduction of signals necessary for stimulation of TNF production,
but rather may be due to a generalized suppression by some other factor. Factors known
to down-regulate or suppress TNF production include IL-4 (403), IL-10 (404), IL-13 (405)
and PGE, (406). From these experiments, it is not possible to rule out IL-4 even though
cells recovered in a peritoneal lavage from a healthy rat without prior stimulation or
recruitment contains of about 60-70% macrophages, 20-30% neutrophils, and less than
10% lymphocytes. In addition to presence of IL-4, IL-10, IL-13 and PGE, may be
considered since each is a macrophage product and has also been shown to suppress
TNF production.
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In a separate series of experiments, PBS- and CFA-treated DR and DP rat peritoneal cells
were cultured in the presence of a cyclooxygenase pathway inhibitor (and thus inhibits
prostaglandin synthesis), indomethacin or indomethacin + LPS. Those DP rat peritoneal
cells which were cultured in the presence of indomethacin alone or with LPS had
increased levels of TNF production. Peritoneal cells from CFA-treated DP rats cultured with
LPS alone resulted in levels of TNF similar to peritoneal cells from PBS-treated DP rats
which were cultured with indomethacin + LPS. Taken together, these results indicate that
TNF production by DP rat peritoneal cells may be suppressed by PGE, and is not due to
defects in signal transduction pathways. These results also suggest that CFA may act by
reducing PGE, production resulting in increased TNF production.

Prostaglandin E, levels were measured in the same media that TNF was measured to
verify that PGE, may be responsible for suppressing TNF production by DP rat peritoneal
cells. Two findings are clear, the first is that treatment of DP rats with CFA alters the state
of the macrophages and thus suppresses unstimulated PGE, production. Secondly, in
response to LPS, peritoneal cells from CFA-treated DP rats produce significantly less PGE,
than their PBS controls. Overall, these results provide evidence that TNF production by
DP rat peritoneal cells may be suppressed by over-production of PGE,, at least in
response to LPS. However, similar levels of PGE, were produced by unstimulated DP and
DR peritoneal cells suggesting that suppression of TNF production by DP rat peritoneal
cells may be due to hyper-sensitivity of these cells to the effects of PGE,. This does not
discount the effect of CFA on PGE, since both CFA-treated DR and DP rat peritoneal cells
produced significantly lower levels of PGE,. Deficient TNF production by DP rat peritoneal
cells may be due to suppression by other macrophages products as well, including IL-10.
Overall, these resuits demonstrate that another mechanism by which CFA may correct
deficient TNF production by peritoneal cells is by suppressing PGE, production or
reducing DP rat peritoneal cell sensitivity to PGE,.

This finding is contrasted to that of another group which reported an under-production of
PGE, and an over-production of TNF by DP rat macrophages (337). However, these
investigators primed these macrophages with Corynebacterium parvum prior to studying
them in vitro (336). The studies undertaken here employed naive, unmanipulated
macrophages prior to culture and more closely resemble the in vivo situation or
macrophages from CFA-treated rats which do resemble those that were Corynebacterium
parvum stimulated. BB rats have also been treated with PGE, in order to prevent disease.
Those authors report that, in fact, diabetes was accelerated (304). This observation is in
accord with our observations that low TNF levels correlate with more rapid disease onset.
Taken together, these observations further suggests that threshold levels of TNF
production is necessary for protection against diabetes development. This is in accord
with the observation in chapter 6 in which diabetes-prone BB rats which never developed
diabetes have TNF levels similar to DR rats.

A number of pathways are associated with LPS-mediated activation of macrophages and
include: increases in cytosolic free Ca?* (407), activation of guanine nucleotide-binding (G)
protein, myristoyl transferase, phospholipase C (PLC), protein kinase C (408), and protein
tyrosine kinase (409). By stimulating DP rat peritoneal macrophages with IL-2, IFN-y, PMA,
or A23187 and not returning the production of TNF to normal values, suggests that signal
transduction pathways mediated by the IL-2R, IFN-yR, and more importantly LPS-R and
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CD14 are intact even though TNF production is suppressed. Prostaglandin E, stimulates
cyclic adenosine monophosphate (CAMP) accumulation (410, 41 1). Increases in cCAMP is
associated with suppression of TNF production by activating cellular phosphatases which
could antagonize the net potential PKC and protein tyrosine kinase phosphorylation of
proteins including NF-kB (IkB is phosphorylated allowing NF-kB to translocate to the
nucleus whereby its binds to a recognition sequence on the DNA), a DNA binding protein
associated with the induction of TNF production (412). Increased cellular phosphatase
activity could dephosphorylate IkB, thereby inhibiting translocation of NF-kB to the
nucleus, DNA binding, and TNF gene transcription. As a result, TNF production is
suppressed and thus can appear to be deficient as what is observed with DP rat
macrophages.

Diabetes-resistant BB rat peritoneal cells appear not to fit into this scheme based on the
findings from this preliminary experiment. It will be necessary to repeat this experiment to
verify the DP results and to establish PGE, levels for DR rat peritoneal cells. However, one
explanation for the observation that DR rat peritoneal cells produce similar levels of PGE,
compared to DP rats, yet release greater amounts of TNF, may be due to reduced
numbers of PGE, receptors on the cell surface or DR rat peritoneal cells are less sensitive
to the actions of PGE,. Additional experiments are needed to address these questions.

SUMMARY

Deficient TNF production is not related to deficiencies in, or defects or in signal
transduction pathways which lead to TNF production, as other macrophage stimulants
failed to correct the deficiency in TNF production. However, over-production of PGE, may
be partly responsible for deficient TNF production and treatment with CFA corrects this
imbalance. These results suggest that additional experiments are necessary to address
the role of PGE, and deficient TNF production and how it correlates with diabetes
development. Treatment with prostaglandins inhibitors such as monoclonal or polyclonal
antibodies or indomethacin, starting at a time in which CFA is effective in preventing
disease may help to further determine the roles of PGE, and TNF in BB rat diabetes
development.
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FIGURE 10.1

Tumour necrosis factor production after stimulation in vitro. Peritoneal cells from DR-
YOUNG (diabetes-resistant) and DP-YOUNG (diabetes-prone) (ages 42-47 days), and DR-
OLD and DP-OLD (ages 182-192 days) were incubated for 6 hours in control medium
(UNSTIM), medium containing interferon y (IFN-y, 100 U/mL), lipopolysaccharide (LPS,
0.5 ug/ml), or IFN-y + LPS. Values are Means = S.E. for TNF levels in medium are
shown for five DR-YOUNG and DP-YOUNG and three DR-OLD and DP-OLD rats in one
experiment.
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FIGURE 10.2

Tumour necrosis factor production after stimulation in vitro with helper T, lymphocyte
cytokines. Peritoneal cells from DR-YOUNG (diabetes-resistant) and DP-YOUNG (diabetes-
prone)(ages 42-47 days), and DR-OLD and DP-OLD (ages 182-192 days) were incubated
for 6 hours in medium containing interleukin 2 (IL-2, 1000 U/mL), IL-2 + interferon y (IFN-
v, 100 U/mL), or IL-2 + lipopolysaccharide (LPS, 0.5 ug/mL). Values are Means + S.E.
for TNF levels in medium are shown for five DR-YOUNG and DP-YOUNG and three DR-
OLD and DP-OLD rats in one experiment.
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FIGURE 10.3

Tumour necrosis factor production after direct stimulation in vitro with protein kinase and
calcium channel agonists. Peritoneal cells from DR-YOUNG (diabetes-resistant) and DP-
YOUNG (diabetes-prone)(ages 42-47 days), and DR-OLD and DP-OLD (ages 182-192
days) were incubated for 6 hours in medium containing phorbol, 12-myristate, 13, acetate
(PMA, 10 ng/mL), A23187 (5 uM), or PMA + A23187. Values are Means + S.E. for TNF
levels in medium are shown for five DR-YOUNG and DP-YOUNG and three DR-OLD and
DP-OLD rats in one experiment.
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FIGURE 10.4

Tumour necrosis factor production after stimulation in vitro with lipopolysaccharide and
acyclooxygenase inhibitor, indomethacin. Peritoneal cells from DR (diabetes-resistant) and
DP (diabetes-prone)(ages 40-42 days) were injected once with saline or complete
Freund's adjuvant (CFA), then 10-14 days later peritoneal cells were collected and
incubated for 6 hours in control medium (UNSTIM), medium containing lipopolysaccharide
(LPS, 0.5 ug/mL), medium containing indomethacin (INDO, 5 ug/mL), or medium
containing INDO + LPS. Values are Means * S.E. for TNF levels in medium are shown
for three DR and DP rats per group in one experiment.
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FIGURE 10.5

Prostaglandin E, production after stimulation in vitro with lipopolysaccharide and a
cyclooxygenase inhibitor, indomethacin. Peritoneal cells from DR (diabetes-resistant) and
DP (diabetes-prone)(ages 40-42 days) were injected once with saline or complete
Freund's adjuvant (CFA), then 10-14 days later peritoneal cells were collected and
incubated for 6 hours in control medium (UNSTIM), medium containing lipopolysaccharide
(LPS, 0.5 ug/mL), medium containing indomethacin (INDO, 5 ug/mL), or medium
containing INDO + LPS. Values are Means = S.E. for prostaglandin E, (PGE,) levels in
medium (same medium used to assess TNF levels in FIGURE 10.4) are shown for three
DR and DP rats per group in one experiment.
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CHAPTER 11

MODULATION OF CLASS | AND CLASS Il MAJOR HISTOCOMPATIBILITY COMPLEX
CELL SURFACE ANTIGEN EXPRESSION ON BB RAT PERITONEAL CELLS AFTER
TREATMENT WITH COMPLETE FREUND'S ADJUVANT

INTROBUCTION

Macrophage antigen presenting ability is mediated in the context of Class | and Class ||
major histocompatibility complex (MHC) antigens. Antigens presented by macrophage
MHC resultin distinct responses to that particular antigen by T lymphocytes (413). Tumour
necrosis factor alpha (TNF-a) alone, or in concert with other cytokines such as interferon
gamma (IFN-y), can modulate MHC cell surface antigen expression on macrophages
(324). As a result, the antigen-presenting ability of macrophages can be regulated.

Diabetes-prone (DP) BB rat lymphoid cells express increased amounts of Class Il MHC
RT1.B cell surface antigens compared to diabetes-resistant (DR) rats (72, 93, 95). This
increase in Class Il MHC expression suggests that lymphocytes are activated prior to
disease development. Furthermore, macrophages found in the lesion at the onset of, and
during insulitis express Class | and Class il MHC (RT1.B and RT1.D) antigens on their
surfaces (93, 96). Together, increased expression of MHC antigens on lymphoid cells and
macrophages suggest that MHC antigens are important in the development of diabetes.
However, it has also been suggested that increases in Class Il MHC RT1.D antigen cell
surface expression associated with decreases in Class I MHC RT1.B antigen cell surface
expression may prevent autoimmune disease by suppressing T lymphocyte responses
to autoantigen (415, 416).

Class Il MHC antigen expression on lymphoid cells, like non-lymphoid cells can be
modulated by cytokines such as the interferons, TNF, and PGE, (325). Complete Freund's
adjuvant is thought to prevent the onset of diabetes by altering macrophage function (273-
276). However, it is not known whether non-specific immunostimulants such as CFA can
modulate MHC antigen expression on macrophages and whether this modulation is
associated with protection against diabetes.

Increased expression of MHC antigens on lymphoid cells, and on macrophages within the
insulitis lesion may be important in diabetes development. Treatment of DP rats with CFA
may modulate this expression, thereby preventing diabetes. Furthermore, old DP rats that
never became diabetic may have escaped disease by having altered their expression of
these cell surface antigens. This hypothesis was tested by measuring, by two-colour flow
cytometry, Class | and Class II MHC cell surface antigen expressions on peritoneal cells
from untreated, CFA-treated, and old non-diabetic DP rats to determine whether
modulation of MHC cell surface antigen expression is associated with prevention of
diabetes development.

RESULTS

Modulation of Major Histocompatibility Complex Antigen Expression by Complete Freund'’s
Adjuvant

Two colour staining was done to determine whether CFA modulated Class | and/or Class
Il MHC antigen expression on peritoneal cells. Complete Freund's adjuvant significantly
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decreased total OX-6 (RT1.B) and OX-17 (RT1.D) expressing peritoneal cells compared
to untreated DR rats (P < 0.001 for RT1.B and RT1.D; TABLE 11.1). Complete Freund's
adjuvant significantly increased total OX-6 positive peritoneal cells from DP rats compared
to untreated DP rats (P < 0.05). Complete Freund's adjuvant treatment significantly
increased O¥-18 (Class | MHC) peritoneal cell expression compared to untreated DR rats
(P < 0.01). Complete Freund's adjuvant significantly increased OX-18 peritoneal cell
expression compared to old non-diabetic DP rats (P < 0.08).

Two colour staining was done to determine whether CFA modulated Class | and/or Class
I MHC antigen expression on peritoneal macrophages. Complete Freund’s adjuvant
treatment significantly decreased Class I MHC (RT1.B and RT1.D) expression on
peritoneal macrophages from DR rats compared to untreated DR rats (P < 0.001 for both
RT1.B and RT1.D), without altering expression on peritoneal macrophages from CFA-
treated DP rats (TABLE 11.2). Complete Freund's adjuvant treatment significantly
decreased Class | MHC expressing peritoneal macrophages from DR rats compared to
untreated DR rats (P < 0.001). Complete Freund's adjuvant treatment significantly
increased Class | RT1.B and RT1.D expression on DP rat peritoneal macrophages
compared to old non diabetic DP rats (P < 0.005 for RT1.B and P < 0.001 for RT1.D).
Complete Freund's adjuvant significantly increased Class | MHC expressing peritoneal
macrophages from DP rats compared to old non-diabetic DP rats (P < 0.001).
Representative two-colour dot plots of OX-18*/0X-43*, OX-6*/OX-43" cells and OX-
17+/0X-43* cells are presented in Figures 11.1, 11.2 and 11.3, respectively.

OX-6 and OX-17 fluorescence intensity (FL2) (TABLE 11.3) from single histogram analysis
and two-colour dot plot analysis (Ymean +/+ and Ymean -+/—) was determined. No
significant differences in FL2 and Ymean (+/—) of OX-6 were observed for DR and DP
peritoneal cells. Ymean (+/+) was significantly lower for DR-CFA peritoneal cells
compared to DR-OLD (P < 0.05), and Ymean (+/+) was significantly lower for DP-CFA
compared to DP (P < 0.05). Fluorescence intensity was analyzed for OX-17. There was
asignificant decrease in OX-17 fluorescence intensity FL2 and Ymean (+/+) for peritoneal
cells from DR-CFA rats compared to DR rats (P < 0.01), while there was a significant
increase in Ymean (+/—) fluorescence intensity for DR-CFA compared to DR (P < 0.05)
and DR-OLD (P 0.001). There was a significant decreases in Ymean (+/+) for DP-CFA
compared to DP (P < 0.05). OX-18 fluorescence intensity (FL2) (TABLE 11.4) from single
histogram analysis and two-colour dot plot analysis (Ymean +/+ and Ymean +/—) was
determined. There were no significant differences in OX-18 fluorescence intensity (FL2)
from single . :ogram analysis and two-colour dot plot analysis (Ymean +/+ and Ymean
+/—).

Peak channel fluorescence decreased significantly for both OX-6 and OX-17 on peritoneal
cells from both DR-CFA and DP-CFA rats (TABLE 11.5; P < 0.05 for OX-6 and OX-17
compared to DR and DP) and for DR-CFA compared to DR-OLD (P < 0.005 for OX-6, and
P < 0.05 for OX-17). There were no significant differences in peak channel fluorescence
in OX-18 stained peritoneal cells from DR-CFA and DP-CFA rats compared to controls.

DISCUSSION

Tumour necrosis factor and PGE, can modulate MHC cell surface antigen expression cn
lymphoid cells (325). Furthermore, modulation of MHC antigen expression and in
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particular, aberrant expression of Class | MHC antigens is associated with autoimmune
disease. Expression of |-E on macrophages is associated with suppression and whereas
a lack of I-E expressing macrophages is associated with the potential for autoimmune
disease (414, 415). There were no significant differences in RT1.B or RT1.D expressing DP
rat peritoneal cells after CFA when compared to untreated animals, whereas cell numbers
did increase with regards to old DP rats. However, fluorescence intensity of the double
positive [Ymean (+/+)] cell population and peak channel fluorescence decreased
significantly indicating that lower numbers of molecules were expressed on these cells.
These results suggest that modulation of Class Il MHC cell surface antigen expression
may also contribute in the prevention of diabetes. However, at this time it is difficult to
conclude whether this modulation of MHC antigen expression is associated directly with
CFA or is a by-product of the actions of CFA, that is, mediated by increased TNF
production and/or decreased PGE,.

There were no significant changes in OX-18 expression on peritoneal macrophages from
CFA-treated DP rats. This suggests that expression of this molecule is not associated with
diabetes in the BB rats. However, it has been reported recently that lymphoid cells from
human insulin-dependent diabetics and NOD mice express decreased amounts of Class
| MHC molecules, thereby associating Class | MHC antigens with autoimmunity (415).
These report also suggests that this decrease in Class | MHC antigen expression as
associated with the inability to present antigen resulting in impaired development of cell
tolerance. These findings are in contrast to those presented above.

SUMMARY

Complete Freund's adjuvant treatment of BB rats prevents the development of diabetes.
As demonstrated in Chapter 3, one effect of CFA is to increase TNF production in
response to stimulation. Tumour necrosis factor can modulate the expression of MHC
antigens on macrophages. In this chapter, no differences in the number of cells
expressing Class Il MHC antigens could be seen, however, the intensity of Class Il MHC
antigen expression was decreased on peritoneal cells from CFA-treat DP rats. No
differences in the numbers of cells and the number of Class | MHC molecules could be
seen on peritoneal cells from CFA-treated DP rats. Overall, these results suggest that CFA
directly or indirectly could alter Class Il but not Class | MHC antigen expression on
peritoneal cells, and this modulation of Ciass Il MHC antigen expression may participate
in prevention against diabetes.

132



TABLE 11.1

TWO-COLOUR FLOW CYTOMETRIC ANALYSIS OF MAJOR
HISTOCOMPATIBILITY COMPLEX ANTIGEN EXPRESSION ON

PERITONEAL CELLS FROM BB RATS

BB rat Percent Positive Cells

group TTL OX-18* TTL OX-6* TTL OX-17*
DR 89.6 = 1.1 80.9 = 1.0 80.1 = 0.9
DP 854 = 25 81.6 £ 1.4 81.8 £ 1.7
DR-OLD 80.4 = 85 77.3 = 41 75.7 = 4.1
DP-OLD 85.0 = 2.8 83.4 + 1.9 839+ 1.6
DR-CFA 96.7 = 0.2" 68.2 = 1.4 67.7 = 2.0
DP-CFA 93.4 = 0.8 87.0 £ 1.2 86.5 = 1.7
NOTE: Values are Means = S.E. for percent positive cells from 7

young diabetes-resistant (DR) and diabetes-prone (DP), 4
old non-diabetic DR (DR-OLD) and DP (DP-OLD), and 3
complete Freund’s adjuvant-treated DR (DR-CFA) and DP
(DP-CFA) rats from one experiment.

P < 0.05, P < 0.01, "™P < 0.001 compares DR-CFA
to DR and DP-CFA to DP.

AP < 0.05 compares DR-CFA to DR-OLD and DP-CFA to
DP-OLD.
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TABLE 11.4

FLUORESCENCE INTENSITY OF BB RAT PERITONEAL CELLS STAINED FOR
CLASS | MAJOR HISTOCOMPATIBILITY COMPLEX ANTIGEN EXPRESSION

Fluorescence Intensity

BB rat 0OX-18

group FL2 Ymean (+/+) Ymean (+/—)
DR 283.7 = 24.8 271.7 = 221 263 + 1.4
DP 339.2 + 43.3 300.7 + 22.8 302+ 22
DR-O 3039 = 725 259.7 + 25.0 220+ 13
DP-O 151.2 = 30.8 178.7 + 34.5 444 + 129
DR-CFA 2371 = 10.0 288.3 =+ 12.3 31.7 = 208
DP-CFA 289.9 = 15.5% 259.2 = 10.6 308 + 1.0

NOTE: Values are Means + S.E. for fluorescence channels.
Abbreviations used indicate mean channel fluorescence for
single histogram analysis (FL2) and two-colour dot plot
position (Ymean; where +/+ represents double positive
cells and +/— represents single positive cells for OX-18)
analysis. Cells were obtained from 7 young diabetes-
resistant (DR) and diabetes-prone (DP), 4 old non-diabetic
DR (DR-OLD) and DP (DP-OLD), and 3 complete Freund'’s
adjuvant-treated DR (DR-CFA) and DP (DP-CFA,) rats from
one experiment.

AP < 0.05 compares DR-CFA to DR-OLD and DP-CFA to
DP-OLD.
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TABLE 11.5

PEAK CHANNEL FLUORESCENCE OF CLASS | AND CLASS il MAJOR
HISTOCOMPATIBILITY COMPLEX ANTIGENS ON BB RAT PERITONEAL CELLS

BB rat Peak Channel Fluorescence

group 0OX-6 OX-17 0OX-18

DR 323.0 £ 223 300.6 = 20.7 367.7 £ 22.6
DP 310.6 = 19.8 2949 * 16.4 357.8 + 24.9
DR-OLD 2727 = 36 298.2 = 23.3 338.3 £ 4.6
DP-OLD 115.0 = 74.7 122.9 = 87.0 116.7 = 69.1
DR-CFA 227.4 = 3.0"°B 2267 =+ 1.2"* 3505 11.4
DP-CFA 249.4 + 12.8 2366 = 7.1° 340.2 = 10.6
NOTE: Values are Means + S.E. for peak channel fluorescence.

Values were obtained from single colour histograms.

‘P < 0.05 compares DR-CFA to DR and DP-CFA to DP.
AP < 0.05, BP < 0.005 compares DR-CFA to DR-OLD and
DP-CFA to DP-OLD.
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FIGURE 11.2

Representative two-colour dot-plots of flow cytometric analysis of antibody-labelled
peritoneal cells from young (Y), old (O) and complete Freund’s adjuvant (CFA)-treated DR
diabetes-prone (DP) and diabetes-resistant (DR) rats. Cells were labelled with OX-17 +
goat anti-mouse-F(ab’),-PE (FL2) and OX-43-FITC (FL1). Vertical (x-axis; FL1) and
horizontal (y-axis; FL2) markers were set to exclude unstained cells. Cells to the right of
the vertical marker and above the horizontal marker are considered positive for labeliing.
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CHAPTER 12
DISCUSSION AND SUMMARY

DISCUSSION

Recent reports suggest that tumour necrosis factor (TNF) plays an important role in
autoimmune diabetes development. Non-obese diabetic (NOD) mice or diabetes-prone
(DP) BB rats treated chronically with TNF, or with agents which induce TNF, were
protected against diabetes development (269, 270, 275, 300, 311, 328, 329, 333-335).
These findings suggest that deficient TNF production may be an additional factor, together
~th specific Class Il major histocompatibility complex (MHC) antigen haplotypes,
lymphopenia, and a susceptibility to extensive pancreatic lymphocytic infiltration may act
in concert to predispose BB rats to develop diabetes (3, 14, 16-21).

The goal of this thesis research was to examine the importance of TNF in diabetes
susceptibility in BB rats. Experiments were done to determine whether TNF production
was deficient, which cells produce TNF in a deficient/dysregulated manner, what factor(s)
account for this deficiency/dysregulation, and by what mechanism(s) non-specific
immunostimulation with complete Freund's adjuvant (CFA) protected against diabetes
development.

The findings presented here show that TNF production by young DP rat peritoneal cells
is deficient when compared to diabetes-resistant (DR) rats after stimulation in vivo or in
vitro. Similarly, TNF production by young DP rat thymocytes appear deficient after
stimulation in vitro. In contrast to deficient TNF production by peritoneal cells and
thymocytes, young DP rat spleen cells over-produce TNF after stimulation in vivo. In
another group of experiments, DP rats stimulated in vivo had serum TNF levels that were
greater than those from DR, Wistar Furth and LEWIS rats. Furthermore, it was determined
that the deficiency in DP rat peritoneal cell TNF production was not restricted to released
TNF, but was also associated with cytosolic and membrane levels. Together, these results
suggest that TNF production by DP rat lymphoid cells is dysiegulated rather than
deficient, and that threshold TNF levels by macrophages may be important for protecting
against diabetes development.

Complete Freund's adjuvant protects DP rats and NOD mice against diabetes
development (271-275). In a second series of experiments, it was shown that one way by
which CFA appeared to protect against diabetes developmentin DP rats was to increase
peritoneal cell and thymocyte TNF production, and decrease TNF production by spleen
cells. This is in agreement with other experiments in which in vitro TNF production by
peritoneal cells from DP rats that never developed diabetes were similar to those levels
observed from DR rats. These results further support the notions that TNF is important in
preventing diabetes, and that minimum threshold levels appear necessary to be
preventative. To substantiate the finding that CFA protects against diabetes by increasing
macrophage TNF production, anti-TNF antisera treatment of CFA-protected DP rats
reversed the protection seen with CFA,

Diabetes-prone rat peritoneal cell TNF levels were deficient after culture in vivo or in vitro
in response to interferon gamma (IFN-y) or lipopolysaccharide (LPS), suggesting that
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there may be deficiencies or defects in the expression of these receptors, or in signal
transduction pathways associated with TNF gene induction. This was addressed by two
series of experiments: measuring LPS receptor and CD14 expressions and measuring DP
rat peritoneal cell TNF production after stimulation in vitro with Ty, cytokines, IFN-y and
interleukin 2 (IL-2), and protein kinase and Ca?* channel agonists. Lipopolysaccharide
receptor and CD14 expressions appear normal, however, TNF production by DP rat
peritoneal cells remained deficient in response to these additional stimulatory agents
suggesting that TNF production was suppressed rather than deficient/dysregulated.

In another series of experiments, the mechanism of suppression was investigated.
Diabetes-prone BB rat peritoneal cells that were cultured in vitro with the cyclooxygenase
inhibitor, indomethacin, or indomethacin + LPS, had increased levels of TNF which were
similar to those levels observed from CFA-proteced DP rat peritoneal cells. In addition,
culture with indomethacin, or indomethacin + LPS significantly reduced prostaglandin E,
(PGE,) levels to those levels observed from CFA-protected DP rat peritoneal cells. This
suggests that CFA may suppress PGE, production and/or reduce the sensitivity of DP rat
peritoneal cells to the actions of PGE,, thereby increasing TNF production. These resuits
further suggest that a deficiency in TNF production by DP rat peritoneal cells can be
attributed, in part to PGE, and that PGE, may be partly responsible for the susceptibility
of DP rats to developing diabetes. A novel finding in this thesis research was the down-
modulation of the peritoneal macrophage marker, OX-43, on peritoneal cells from CFA-
treated DP and DR rats after culture with LPS. This finding suggests that CFA, may also
act directly, or through other factors to induce increased differentiation/maturation of
macrophages, thereby changing cytokine profiles and sensitivity to cytokines and other
agents such as PGE,.

Expression of Class Il MHC cell surface antigens on DP rat leukocytes, and T and B
lymphocytes appear to correlate with susceptibility to developing diabetes (45, 71-76). In
addition Class Il MHC cell surface antigen expression on macrophages also appear to
correlate with DP rat diabetes and are found in the insulitis lesion (93, 96). Diabetes-prone
rat peritoneal cell Class | and Class Il MHC cell surface expressions was measured. No
differences in cells numbers expressing Class | and Class Il MHC cell surface antigens
were found. However, there were decreases in the numbers of Class li, but not Class |
MHC molecules on CFA-protected DP rat peritoneal cells. This suggests that an additional
mechanism by which CFA protects against DP rat diabetes may be to down-regulate
Class Il MHC cell surface antigen expression directly, or through increased TNF
production and/or decreased PGE, production or sensitivity. A decrease in Class Il MHC
cell surface antigen expression may disable macrophage antigen-presenting activity, and
together with increased TNF production alone, or in combination with other factors, may
induce a state of non-responsiveness in autoreactive lymphocytes.

Tumour necrosis factor was originally shown to be cytotoxic to islet cells in vitro (147,
151). However, administration of TNF, or agents which induce TNF production prevent
diabetes in the NOD mouse and the BB rat (269, 270, 275, 300, 311, 328, 329, 333-335).
This suggests that macrophage TNF production may be deficient or suppressed in these
animals, and may be responsible for the progression of islet cell-specific autoreactivity by
T lymphocytes. One explanation for TNF-mediated protection against diabetes is that by
increasing TNF levels in diabetes-susceptible animals through the administration of
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recombinant TNF or non-specific . amunostimulatory agents may suppress autoreactive
T lymphocytes. This is in accord with recent findings in TNF-a-treated mice in which
mitogen responsiveness of T and B lymphocytes was inhibited, as wellas T lymphocyte-
and natural killer (NK) cell-mediated cytotoxicity, and the delayed type hypersensitivity
(DTH) response in vivo (320). Therefore, administration of exogenous TNF, or agents
which induce systemic TNF production may participate to prevent autoimmune disease
is by inhibiting autoreactive T lymphocyte effector responses. However, it is still not clear
by what mechanisms TNF inhibits T lymphocyte effector functions.

Many explanations can be presented for TNF- or CFA-mediated inhibition of diabetes. The
three that will be discussed may be result of TNF inducing the production of additional
macrophage factors, inducing macrophage differentiation/maturation, or TNF acting
through its receptors to inhibit autoreactivity.

Tumour necrosis factor is considered an early response product of macrophages and is
important in regulating itself and in initiating a cascade of other factors including interleukir
1 (IL-1), interleukin 6 (IL-6), interleukin 10 (IL-1 0), prostaglandins and granulocyte-
macrophage colony stimulating factor (GM-CSF) (320, 367, 417, 418). These factorsinturn,
can inhibit TNF-« production (367, 417), while GM-CSF promotes TNF production (4i8).

In light of this, TNF can act as a macrophage differentiation/maturation factor 2"%). As
demonstrated in this thesis research, peritoneal macrophages from CFA-treated DP rats
have significantly decreased levels of the macrophage marker, OX-43. Therefore, CFAmay
act directly or through TNF and other factors to induce macrophage differentiation/
maturation. This explanation is supported by another finding in this thesis whereby CFA
treatment significantly decreased prostaglandin E, (PGE,) levels by DP rat periteneal cells
resulting in increased TNF levels. While DR rat PGE, were similar tc those of DP rats, TNF
levels were significantly greater. This suggests that DP rat peritoneal macrophages may
be hyper-sensitive to PGE,. The finding that GM-CSF deiived macrophages are less
sensitive to PGE,-mediated suppression of TNF release than cclony-stimulating factor 1
(CSF-1)-derived macrophages (419) suggests different states of macrophage
differentiation. This conclusion is supported by the finding that the administration of GM-
CSF to NOD mice prevents diabetes (270). However, BB rats treated with CSF-1 were not
protected from developing diabetes (308) arid may be due to the sensitivity of D™ rat
macrophages to prostaglandins (see below). Additional experiments are necessary to
determine the maturation state of DP rat macrophages and whether there are differential
effects of prostaglandins on TNF production.

Tumour necrosis factor may induce the production of PGE, in splenic macrophages, which
in turn can act on autoreactive T lymphocytes to suppress their function. This is supported
by a number of reports studying autoreactive T lymphocyte function in tumour-bearing
mice whereby the addition of macrophages derived from tumour-bearing mice suppressed
autoreactive T lymphocyte proliferation to syngeneic and to allo-antigens (425-427). The
TNF-induced suppression of cellularimmune responses described here and above (320),
may be mediated by TNF-induced PGE, production than by TNF itself. These reports also
indicate that macrophage Class Il MHC antigen expression is decreased (420-422), similar
to what was found in this thesis research.
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Complete Freund's adjuvant has been shown to increase the number of Thy-1— Mac-1*
natural suppressor celis in NOD spleens which can inhibit lymphocyte function (272, 275).
Therefore, CFA may induce TNF which can inhibit autoreactivity. In addition, CFA can act
uirectly or indirectly as a macrophage ditferentiation/maturation factor through the
upregulation of GM-CSF production resulting in reduced DP rat macrophage PGE,
sensitivity. Together, these actions could culminate in the increased production of TNF,
even in the presence of PGE, which in turn elevates PGE, levels which then inhibit
autoreactive T lymphocyte function. Prostaglandins preferentially inhibit T,,, lymphocytes
without affecting T, lymphocyte function including IL-4 and IL-5, and possibly IL-10
production (423, 424). Prostaglandins affect Ty, lymphocyte cytokine production by
increasing intracellular cyclic 3',5' adenosine monophosphate (cAMP) levels and inhibiting
IL-2 and IFN-y synthesis in a manner similar to PGE,-mediated inhibition of macrophage
TNF production (419). Because T, lymphocytes have higher constitutive cAMP levels, they
are less affected by PGE, (423, 424). Additional support for inhibition of Ty, production by
PGE, and possibly by IL-10 involves the role cAMP in inducing IL-1 which also favours Ty,
proliferation (424-426).

Additional experiments will be necessary to determine the role of CFA in diabetes
prevention. Most importantly, the characterization of phenotypic and functional changes
in macrophages from CFA-treated animals may shed light on whether increased
macrophage maturity and cytokine profiles are responsible for protection against diabetes,
or whether the induction of splenic macrophage PGE, is necessary for inhibition of
autoreactivity directly or through T,,, cytokines.

Lastly, TNF may act directly through its receptors to inhibit autoreactive T lymphocyte
killing of islet cells. Tumour necrosis factor binds to two receptors termed TNFRSS5 and
TNFR75 (427) to mediate its effects. TNFRSS5 is associated witn cytotoxicity and cytostasis
whereas TNFR75 is associated with proliferation and differentiation (427). These
differences in function are thought to be mediated by accessing different, but overlapping
signal transduction pathways (427). Another explanation for the possible inhibitory effects
of TNF on autoreactive T lymphocytes is suggested by the ability of TNF to increase cAMP
levels likely through G proteins (417, 427). This increase in cAMP is reminiscent of the
actions of PGE, on T,, lymphocytes described above. As a resul, TN{- may act directly
through TNFRS55 to suppress autoreactive T lymphocytes by inhibiting IL-2 and IFN-y
production. Furthermore, TNF can act through TNFRSS on macrophages to induce PGE,
production (428), and together TNF and PGE; may suppress autoreactive T lymphocyte
activity. Additional experiments will be necessary to understand the roles of TNFR in
regulating autoreactive lymphocyte responses. Antib ~dies specific for either TNFR55 or
TNFR75, and TNF mutants which preferentially bind to one or the other receptor
preferentially, are available (429-431) and will assistin determining the function(s) of TNFR
in immune regulation which could be extended to understand autoimmunity.

SUMMARY

The research presented in this thesis documents the potential protective effects of TNF
against autoimmune disease. Increases in TNF production after CFA treatment may be
important alone, or in conjunction with other effects induced by TNF. Increases in
peritoneal cell TNF and the reduction of TNF in spleen cells after CFA treatment may be
important in the prevention of diabetes. However, other factors may also participate
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including the differentiation/maturation of macrophages resulting in reduced PGE,
sensitivity early after activation may also be importantin the induction of sufficient amounts
of TNF. Furthermore, decreases in macrophage Class Il MHC antigen expression may also
participate in suppressing autoreactive T lymphocytes. Overall, the thesis research
presented here provides the foundation to determine the role(s) of TNF, CFA, and other
factors in preventing or inducing autoimmune disease. This research also suggests that
there exists fundamental defects in DP rat macrophages that require further
characterization.
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