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ABSTRACT 

Considerable evidence suggests tbat insulin-dependent diabetes 

mellitus (IDDM) i5 a T cell-mediated autoimmune process that is directed 

against antigenic target(s) on pancreatic ~ cells. To better understand 

T cell involvement in the pathogenesis of IDDM, a panel of T cell 

bybridomas were produced from pancreas-derived T cells of spontaneously 

diabetic NOD mice. A total of 119 hybridomas were constructed from 8 

fusions and 94 of these were tested. Twelve hybridornas were found to be 

islet-reactive since they produced high leve1 of interlukin-2 (IL-2) in 

tbe presence of NOD islet cells and NOD antigen-presenting cells 

(APC's). The responses could also be detected against lslet cells of 

other strains (i.e, C3H/Hej or C57Bl/6), but only in the presence of the 

NOD APC's. Phenotyping of these islet-reactive hybridomas showed that 

aIl of them were CD3+CD4+. Furthermore, a high frequency (39%) of CD4+ T 

hybridomas in the panel were found to be islet reactive. In addition, 

analysis of T-cell receptor (TeR) v~ expression of these islet-reactive 

T-cell hybridomas revea1ed that TeR v~ element usage is hecerogeneous 

unlike findings in sorne experimentally induced autoimmune diseases. 
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RESUME 

Plusieurs évidences tendent à suggérer que le diabète sucré 

insulino-dépendant (OSIO) est un procedé autoimmun généré par des 

lymphocytes T dirigés contre une ou des cibles antigeniques des cellules 

Bêta du pancréas. Pour mieux saisir l'imp11cation des lymphocytes dans 

la pathogenèse du DSlD, un panel d'hybridomes T fut constitué à partir 

de lymphocytes T provenant du pancréas de souris NOD spontanément 

nouvellement diabétiques. De 119 hybridomes. provenant de huit fusions, 

94 furent testés. De ceux-ci, 12 hybridomes se sont avérés réactifs 

envers les ilôts pancréatiques de souris NOD et envers les cellules 

présentatrices d / antigènes (CPA) de même origine. Des taux élevés 

d'interleukine-2 (IL-2) ont été produits en leur présence alors que les 

échantillons-contrôles n/induisaient que de faibles taux d/IL-2. Ces 

mêmes hybridomes réagissent contre les cellules d'ilôts pancréatiques de 

différentes lignées de souris (e.g .. C3HjHej ou C57BLj6) mais, seulement 

en présence de CPA de S011riS NOD. Le phénotype des hybridomes réactifs 

indique qu ils sont tous C03+CD4+. De plus. un pourcentage important 

(39%) des hybridomes-T CD4+ du panel réagissent contre les cellules 

d/ilôts. Enp1us, l'analyse de l'expression des chaines-p des récepteurs 

cellulaires-T (ReT) revêle que leur utilisation par les hyhridomes 

reactifs est hétérogène, contrairement à certaines maladies autoimmunes 

induites expérimentallement. 

Traduit par H. Ste-Croix 
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PART 1. INTRODUCTION AND LITERATURE REVIEW 

1. INTRODUCTION 

Diabetes mellitus represents a heterogeneous group of disorders 

where an absolute or relatlve deficiency of insulin results in impaired ï , 
carbohydrate, fat. and prote in metabolism (Volk. 1985). Diabetes 

1 
mellitus ranks among the top ten causes of death in Western nations, and 

1 

lS one of the Most common metabolic diseases in humans. Despite 

important improvements ln its clinical management, it has not yet been 

possible to prevent several diabetes-related lesions. 

Until recently. several classifications have existed based on 

differing criteria (sorne using clinical features. others etiology and 

sorne the presumed natural history of diabetes). In an attempt to 

overcome problems in classification. the National Diabetes Data Group of 

the National Institutes of Health developed a classification: which 

basically divides spontaneous idiopathie diabetes lnto two types 

(Bennett, 1983): Type 1 (insulin-dependent diabetes mellitus. IDDM) and 

Type II (non-insulin-dependent diabetes mellitus. NIDDM). Patients with 

diabetes secondary to surgery, pancreatitis, or other diseases are 

placed in a separate category. 

Type 1 diabetes (IDDM) is also called juvenile onset or ketotic 

diabetes. It accounts for approxlI'lately lOi. cases of diabetes mellitus 

(the other 90% being predominantiy type II diabetics). Type 1 dlabetes 

( 
usually develops in chi1dhood Jr puberty and is characterized by severe 

~- -- ~._-----
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hyperglycemia and complications such as ketoacidosis and coma. Type 1 

diabetes results tram a severe lack of insulln, caused by a selective 

and irreversible destruction of insulin-producing pancreatic ~ celis. 

Patients depend on insulin therapy for survival. Three interlocking 

mechanisms are believed to be responsible for the ~ cell destruction: 

genetit susceptibility, autoimmunity, and an environmental insult. These 

three factors influence the nature and course of IDDM and contribute to 

its complex pathological picture. 

Type Il diabete~ 15 also called adult-onset or nonketotic 

diabetes. This type occurs at any age but usually appears in the oider 

obese patient. It is characterizeJ by partial insulin deficiency and in 

most patients there is insulin resistance at targét tissues. This type 

will not be discussed further in this thesis as my work is on IDDM. 

To study the pathogenesis of human type 1 diabetes, several animal 

models have been used for several years: the BB rat mode1 (Chappel and 

Chappel, 1983), the NOD mouse model (Makino et al., 1980), and mice 

treated with multiple sub-diabetogenic doses of the drug streptozotocin 

(Like and Rossini, 1976). Additional important data have also been 

provided by the recent creation of unique transgenic mice (Lipes and 

Eisenbarth, 1990). 

IDDM is now widely believed to be a chronic autoimmune disease in 

which activated T-lymphocytes invade and destroy the insulin producing 

~-cells of the pancreatic islet. This Vlew is strongly supported by 

studies on BB rats and NOD mice modeis, bath of which spontaneously 

develop IDDM. However, the exact pathogenesis of Type l diabetes i5 
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still not clear. It seems that these activated T-lymphocytes in the 

islets are pathogenic, llke T-cell clones iso1ated from other autoimmune 

diseases such as experimental allergie encepha10myelitis (EAE) (Ben-Nun 

et al., 1981) and autoimmune thyro~ditis (Pontes de Carvalho et al., 

1981; Rombal and Weig1e, 1987). Thus the identificatlon of islet­

specifie T-cell clones may lead to a better understandlng of the 

pathogenesis of diabetes and novel therapeutic approaches for treatment 

or prevention of the disease. 

II INSULIN-DEPENDENT DIABETES MELLlTUS (IDDK) 

II.1. IDDM IN HUMAN 

A. HISTORY 

Diabetes mel1itus has been known to man since ancient times. To 

exp1ain the origin of diabetes mellitus, Von Mering and Minkowski first 

produced experimenta1 diabetes by removlng the dog's pancreas in 1889 

(Von Mering and Minkowskl. 1889: Mlnkowski, 1893). It was concluded that 

diabetes mellitus was associated wlth a hitherto unknown function of the 

pancreas. A 1ikely connection to diabetes was evidenced by Dieckhoff's 

observations in 1894 that the pancreas of diabetlc patlents had a 

greatly diminished number of pancreatic islets (Dieckhoff, 1894). 

Technica1 advancements. partlcularly in techniques of microscopy and 

histo1ogy. al10wed Lane (1907) and Bens1ey (1911) to de scribe the 

pancreatic A and B ce1ls. and Meyer (1909) proposed insulin as the 

factor from the paucreatic is1ets that controlled blood sugar (see: 

Lernmark and Baekkeskov, 1986). A search for insulin was undertaken by 
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1 many workers; it often failed, however, due to the extensive proteolytic 

activity in pancreatic extracts and the specifie requirements to 

so1ubilize insulin. It was not until 1921 that Banting and Best 

successfully prepared pancreatic extracts eontaining sufficient amounts 

of biologica1ly active insulin in Toronto (Bliss, 1982). The etiology 

and pathogenesis of the disease, however, remained unknown. 

In 1965, Gepts (1965) performed a careful morphologica1 

investigation of the pancreas of a newly diagnosed IDDM patient and 

found major abnormalities in a number of B cells (i.e, ~ cells) and the 

presence of inf1ammatory cells in the islet of Langerhans (insu1itis). 

The observation of Insulitis pro/ided the earliest morphologieal elue to 

the pathogenesls of IDDM. Subsequent data have demonstrated that 

autoantibodles directed against both is1et surface and cytop1asmic 

antigens are present in affected Indivldua1s before diabetes oceurs 

(Bottazzo et al., 1974) and a strong association of disease expression 

with certain class II major histocompatlbi1ity complex (MHC) antigens 

(Todd, 1990. Review). Interestingly, Nerup (1971) and Boitard et al., 

(1981; 1982) showed that T cells from diabetics cou1d suppress the 

release of insu1in by is1et ce1ls ln vitro, and moreover, is1et-specifie 

T-cell 1ines or clones have recently been isolated from both animal 

models (Prud'homme et al., 1984; Haskins et al., 1988; Reich et al., 

1989a) and humans (Vliet et al., 1989). Furthermore, several recent 

clinical trials have demonstrated that systemic immunosuppression with 

cyclosporine (Bougneres et al., 1988) or azathioprlne and prednisone 

(Silverstein et al., 1988) can substantial1y ame1iorate the syndrome, 

greatly prolonging the "honeymoon" perlod of remission. It has also been 
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observed tha~ when a pancreas i5 transp1anted from a non-diabetic to a 

diabetic monozygotic twin in the absence of immuno5uppression. the 

islets are destroyed (Sutherland et al .. 1984). This result indicates 

that the immune system of type 1 diabetes can still recogn~ze and 

destroy normal ~ cells, even several y~~rs after onset of disease. 

According to these studies durlng the past two decades, IDDM has 

been classified as an autoimmune disease. However, the precise 

mechanisms that resuit in immune-mediated ~ celi destruction in IDDM 

remain unknown. 

B. CLINICAL SIGNS AND COMPLICATION 

The chief signs and symptoms of untreated diabetes are polyuria, 

glycosuria, high blood sugar. excessive thirst and hunger, marked 

weakness, and 10ss of weight caused by deranged carbohydrate metabolism. 

Other symptoms due to the incomplete combustlon of fats are 

manifestations of acidoslS. (e.g .. air hunger. coma, and ketone bodies 

in the urine). Before the advent of Insulin therapy, the diabetes 

syndrome was a fatal disease and lead ta a rapid death. There was no 

remedy until 1921 when insulin was discavered by Banting and Best. 

Although the insulin injections now prevent the deaths from diabetic 

ketoacidosis that were formerly lnevitable, this therapy does not 

prevent the late complication of IDDM. These Include blindness, renal 

failure, neuropathy. and peripheral and coronary vascular disease 

(Rossini, 1980). 

- ~---------------
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C. TREATMENT OF IDDM WITH INSULIN AND IMMUNOSUPPRESSIVE AGENTS 

Before 1922 the life expectancy of a child or young adult with 

diabetes Was less than 1 year from diagnosis. By 1924 the life 

expectancy had r1sen to 7-8 years, and it improved rap1d1y w1th 

increased know1edge of insu1in action. Thus, insulin had a marked social 

impact: it was long thought to be the cure for diabetes. However, more 

than 60 years of insu1in therapy have proved the hormone can only 

maintain survival in a chranic disorder, associated with a hypogylcemia 

potentia1ity and a 200 to 300% overmorta1ity (Lernmark and Baekkeskov, 

1986). 

Beside insulin injection, severa1 other treatments have been 

developed based on the know1edge about immunoahnormalities in IDDM (for 

review see: Gastafio and Eisenbarth, 1990). The Most promising results 

have been achieved with the immunosuppressive agent cyclosporin A 

ê 

t 

1 

(cyclosporine), which malntains contlnued insulin secre, ion (e.g., G-

peptide secretlon) and probably prevents further ~ cell destruction. 

However, cyclosporine cannot maintaln a nondlabetic state over time when 

only few ~ cells are present at onset of diabetes and it is also 

associated with nephrotoxicity and other side effects. Other 

immunomodulatory and immunosuppressive agents such as levamlsole. 

plasmapheresis, gammag1obulins. nlcotlnam1de and interferon have a1so 

been used both in human and in an1mal models. Unfortunately, they are 

less effective in human Type 1 diabetes. 

• , Despite these and other treatrnents (including diet and islet or 
• 
\ pancreas transplantation), there ls not yet any accepted safe way ta 

, 
f 
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prevent the disease or to alter its course once it has begun. 

Il.2. ANIMAL MODELS OF SPONTANEOUS IDDM 

Since the genetie predisposition, etiology. physiology, therapy, 

and prevention of human IDDM are still not well understood. animal 

models can provide valuable insights to these unanswered questions. 

A. BB RAT 

The BB rat, which displays insulin-dependent diabetes with 

insulitis, was discovered in an outbred Wistar eolony at the BioBreeding 

Laboratory of Canada Ltd., hence the name BB rat (Chappel and Chappel 

1983). There are two major inbred lines of BB rat designated the 

diabetes-prone (DP) BBjWor rat and the diabetes-resistant (DR) BBjWor 

rat, as well as several other BB sublines (most are not fully inbred) 

kept in laboratories throughout the world. 

DIABETES-PRONE BB RAT. These nonobese animals spontaneously 

undergo abrupt onset of hyperglycemla followed by ketoacidosis. About 

40-70% of these rats develop diabetes between 60 and 120 days of age. 

Affected animals die wIthin 2 weeks unless exogenous insulin is given. 

BB rats with IDDM differ from humans in that they are severely 

lymphopenic. highly prone to Infection, and prcdisposed to lymphopoietic 

malignancy (Like and Rossini. 1984). The 1ymphopenia of the BB rat 

affects all lymphocyte subsets to sorne degree. but of partIcular 

importance is a severe defIciency of CDS+ cells and a complete absence 

of T-lymphocytes expressing the RT6 surface alloantigen (Greiner et al, 

1986). This alloantigenic system is expressed on about 70% of CDS+ and 
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50X of CD4+ T-lymphocytes in the rat (Ely et al., 1983). In addition, 

Thyroiditis occurs in more than 50% of animals by 120 days of age 

(Sternathal et al., 1981). 

DIABETES-RESISTANT BB RAT. In the Worcester colony. le5s than 1% 

of DR rats develop dlabetes. They are frequently used as control 

animals. DR-BBjWor rats are not lymphopenic and have normal numbers of 

T-1ymphocytes that express the RT6 surface antigen (Butler et al., 

1983). When an anti-RT6 antibody is injected into 30-day-oid DR-BBjWor 

rats, more than 50% af RT6-depleted rats become diabetes within 4 weeks 

(Greiner et al .. 1987). These data suggest that a population of RT6+ T-

lymphocytes May play a key role in regulating the expression of 

autoimmune diabetes in BB rat. 

At least three genetically determined factors (i.e., lymphopenia; 

an MHC association: and pancreatic 1ymphocytic infiltrate) have been 

found to associate with the development of diabetes in BB rats. The 

lymphapenia is inherited in an autosomal recessive pattern (Jackson et 

al., 1984; Hero1d et al .. 1989). In addItIon ta the phenotype of severe 

lymphopenia, a series of breedIng studies indicate that the development 

of diabetes of BB rats i5 strongly 1inked to a gene wlthin the major 

histocompatibility comp1ex (MHC) (Colle et al .• 1981; 1986a; Jackson et 

al., 1984; Buse et al., 1985). Colle and coworkers have utllized MHC 

recomblnations and dlabetes susceptibility maps to the class-II region 

of the BB rat (Colle et al .. 1986b). lt appears that all RTl haplotypes 

which express class-II genes WhlCh are U are diabetogenic independent of 

class-I al1e1es. To date these studies in the tB rat are the strongest 

evidence that a class-II gene 1s essential for diabetes susceptibi1ity 
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(for review see: Castafio and Eisenbarth 1990). Furthermore, Colle has 

a1so found a linkage of diabetes with acinar pancreatic lymphocytie 

infiltrates (Colle et al .. 1986a). 

Diabetes can be passively transferred to young BB rats (Koevary et 

al., 1983) or cyclophosphamidejirradiated histocompatible (RTIU ) non-BB 

rats (Koevary et al .. 1985) with concanavalin A stimulated spleen cells 

from acutely diabetic donors. PreventIon of disease has been achieved by 

T cell depletion or inactivation through neonatal thymectomy (Like et 

al., 1982) and anti-1ymphocyte sera (Like et al . 1979). Islet-specific 

T ce1l 1ines or T cell hybrldomas have a1so been iso1ated from the 

spleen and pancreas (Prud'homme et al .. 1984: 1986). Moreover, it has 

been recently reported that CD4+ T-ce11s alone are sufficient to 

transfer the disease in BB rat (Metroz-Dayer et al., 1990). Thus a T-

1ymphocyte-mediated immune response is a plausible explanation for 

development of insulitis and dlabetes, but details of the destructive 

process remain to be determined. Slnce in BB rats cytotoxic CD8+ T-cells 

are severely deficient ln numbers and function (Prud'homme et al., 1988; 

Bellgrau and Lagarde. 1990). it is 1ikely that diabetes is mediated by 

cooperation between T-helper (CD4+), macrophages and natura1 ki11er (NK) 

cel1s. 

The BB rat has been used widely as a model of human IDDM sinee its 

discovery. This has led to many insights Into the Immunopathogenesis of 

diabetes and to the introduction of immunomodulatory strategies of 

proven benefit. such as cyclosporine treatment (Laupacis et al., 1983). 
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B. NOD MOUSE 

The Non-Obese Diabetic (NOD) 1s an inbred mouse strain. It was 

discovered by chance at the Shionogi Research Laboratories. Shionogi & 

Co., Ltd: ln early 1974 and developed in the course of a breeding 

program to establish a cataract-prone subllne (CTS) from non-inbred 1CR 

mice (Makino et al., 1980). Durlng the se~ective breeding. the non-obese 

diabetic mice were named the NOD strain and non-obese nan-diabetic mice 

were named the NON strain. Like the BB rat. the NOD mouse is predisposed 

to develop a spontaneous farm of diabetes and sh~~es a number of 

important characteristlcs with human Type l diabetes. Hawever. this 

disease is not accompanied by general immunodeficiency as in the BB rat. 

Thus, it is considered as one of the most suitable models for studying 

human Type l diabetes (Leiter et al .. 1987). 

Diabetes usually develops in NOD mice between the 12th and 30th wk 

of age. with an onset characterized by pclydipsia. glycosuria. rapid 

weight 10ss. hyperglycemia and ketoacldosis (Table 1). The onset of 

hyperg1ycemia 15 preceded by ln5ulitis. i.e .. infiltration of the Islets 

of Langerhans by mononuclear ce11s. most1y of T origin. which results in 

severe ls1et disorganization and in the death of insulin-producing ~ 

cell (Ohneda et al .. 1984). Without insulin treatment the animaIs die 

within 4 to 8 weeks (Lampeter et al .. 1989). These cllnical and 

patho1ogica1 features in the NOD mouse c10sely resemb1e human IDDM. 

Diabetes in the NOD mouse. unllke the human disease. includes 

simultaneous lymphocyte inflltration of salivary glands and other 

organs. and a female predominance (in some but not aIl NOD mouse 

colonies) (reviewed in: Tochino. 1987; Lampeter et al .. 1989). 
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Table 1 

Comparison of clinical features at onset of diabetes in the human and 
the NOD mouse 

Weight 10ss 

Polydipsia 

Polyuria 

Hyperg1ycaemia 

Ketoacidosis 

Serum insulin 

Outcome without insulin 

Sex preponderance 

Type 1 (insulin-dependent) 
diabetes me11itus 

Human NOD mouse 

Pr~sent Fresent 

Present Present 

Present Present 

>15 mmoljl 20-30 mmolJl 

Common Less severe 

Very low Very low 

Lethal Lethal 

Female-male Female~le 
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o Interestingly, the onset of diabetes in NOD mouse i5 heavi1y 

influenced by sex hormones, as Indlcated by the fact that NOD fema1es 

are more prone to overt diabetes (10-80%) than males (20%) at 30 weeks 

of age although InsulltlS 15 present to a simllar degree ln both sexes. 

This difference in IDDM inCIdence disappears after castration (i.e., 

orchiectomy increases and ovariectomy reduces diabetes incidence) 

(Makino et al., 1981), 

The genetie background of insu1itis and overt diabetes has been 

investlgated by backcross experiments with C57BL, NZB and NON mi ce 

(Prochazka et al., 1987). The results indicate that at 1east three 

recessive genes affect both the inflltration process per se and its 

severity, two of which are non MHC-linked. On~ gene controls the 

development of severe insulitis and appears to be incompletely dominant, 

and another 15 involved in the progression to diabetes, probably 

mediated by a lack of specific suppressor celis. The third is an MHC-

linked gene that apparently lnfluences the autolmmune response (wicker 

et al., 1987). The linkage of diabetes to the MHC is interesting because 

the NOD mouse is I-E- and expresses a unique I-A class Il Molecule (1-

ANOD) (Aeha-orbea and McDevltt, 1987; Nlshlmoto et al., 1987). The 

introduction of a transgenic class II Molecule, I-E, protected NOD mice 

from insulitis and diabetes (Nishrnoto et al., 1987). Furthermore, 

treatrnent with antl-I-A monoclonal antibody prevented diabetes in NOD 

mice (Boitard et al., 1988). Amino acid sequence comparisons suggest 

that aspartic acid at positlon 57 (Asp J7) of human HLA-DQ class II MHC 

and their murine homologues J-A rnolecules provide resistance to 

diabetes, whereas other amine acids are associated wlth susceptibility 
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(review in: Todd. 1987). Fitting this correlation. the single class II 

Molecule of the NOD mouse (I_ANOD) has serine at position 57 (Acha-Orbea 

& McDevitt, 1987). Using transgenic mice, however, three groups 

(Miyazaki et al., 1990; S1attery et al., 1990; Lund et al., 1990) have 

reported recent1y that Asp-57 does not necessarily prevent diabetes in 

NOD mice. 

Another unique advantage of using NOD mouse as a model is that 

insu1itis is in progress for a long period time before overt 

hyperglycemia. This prolonged and well defined prodromal period provides 

an excellent opportunity to test different approaches to immunotherapy 

early in the prediabetic stage and allows the auto immune process to be 

halted before complete ~-cell destruction and hyperg1ycemia have 

occurred. 

III. AUTOIMMUNE FEATURES IN NOD MOUSE 

The auto immune nature of IDDM in the NOD mouse is supported by the 

presence of insulitis, the identification of anti-is1et ce1l antibodies 

in the serum, the prevention of the disease by immunosuppression and 

most significantly, the adoptive transfer of disease with T ce1ls. 

III.l. INSULITIS 

ln NOD mice, insulitis IS observed from at least the 4th week of 

age (Fujita et al., 1982). The major chara~teristi~ l~sion i5 

mononuclear cell infiltration around or into the pancreatic islets, 

including small lymphocytes with some ma~rophagcs, some plasma ce1ls, 

and a very small number of neutrophils. The progression of insulitis is 
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not uniform within the same pancreas at any age, and lymphocyte 

infiltration specifically directed at the insulin~producing ~ ceIIs is 

foI1owed by selectlve degradation of the p celis. while A ceIIs (with 

glucagon granules) and D cells (with soma~ostatin granules) are Less 

affected. The typical sy~ptoms of overt diabetes do not appear until 

most of the p celis (>90% p cel1 mass) have disappeared (Fujino-Kurihara 

et al.. 1985). 

Phenotyping T lymphocyte subsets invo1ved in the insu1itis has 

produced conf1icting results (Kanazawa et al .. 1984: Miyazaki et al .. 

1985; Slgnore et al .. 1987; 1989). Sorne of those studies show CD4+ ce1is 

(mainly helper/lnducer) and MHC class-II positive cel1s as the Most 

represented subsets while others show monocytes and B-1ymphocytes are 

the predominant ce11 population. The reason of this disagreement is not 

yet clear. Within the T-lymphocyte population. CD4+ cell are more 

frequently found than CDS+ cells (mainly cytotoxic T lymphocytes). 

These hlstologlcal findings can be interpreted in two ways: the 

inflammatory mononuclear ce1ls are "witnessing" the fJ celi destruction 

or alternatively are directly involved in the p cell damage. This latter 

hypothesis has been wldely investigated by Many researchers and much 

evidence suggests a direct damaging role of lymphocytes. 

111.2. AUTOANTIBODIES 

Human type 1 diabetes is characterized by the presence of several 

autoantibodies. namely is1et cell cytoplasmic antibodies (ICA) detected 

oh frozen sections of pancreas (Bottazzo et al., 1974), i5let cell 
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surface antibodies (leSA) (Lernmark et al .. 1978) and insulin 

autoantibodies (IAA) (Palmer et al., 1983). Similar autoantibodies have 

also been found in NOD mice. 

ISLET CELL SURFACE ANTlBODlES (leSA): In NOD mice. leSA appears in 

the prediabetic stage in 10 to 50% of the mice at 6 to 12 weeks of age 

and reaches maximal prevalence (50-70%) just before the onset of overt 

diabetes. After the onset, lCSA decreases. There are no sex differences 

in the pnvalence of these antibodies (Kanazawa et al., 1984). Since 

lCSA appears at the age when insulitis is known to h8ve already 

developed (insulitis begins at 4 5 weeks in NOD mouse), this suggests 

that these antibodies do not play a role in the initial islet damage. 

ISLET CELL CYTOPLASMIC ANTIBODIES (ICA): Unlike the human 

counterpart. ICA reacting with frozen sections have not been 

reproducibly found in sera from NOD mice. However, Reddy and col1eagues 

have recently detected these antibodies in NOD mouse sera using Bouin's 

fixed pancreas sections (Reddy et al., 1988). 

INSULlN AUTOANTIBODIES (IAA): NOD mice also produce Iow leveis of 

anti-"insulin" autoantibodies, and those mice with the highest leveis 

are more likely to develop overt diabetes (Ziegler. 1989). Although much 

attention has been pain to the potentia1 value of lAA as markers for 

active insulltis (that might ultimately proceed to diabetes), no study 

has yet emerged from which the predictive value of lAA can be judged 

(Wilkin, 1990). 

OTHER AUTOANTIBODlES: Antibodies against the apical border of 

thyroid follicular celis and the salivary gland duct have been found in 
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NOD mouse model. In addition to organ-specifie antibodies, 

antilymphocytic autoantibodies and antlbodies against cell nuclei have 

also been detected both in diabetic patien~~ and in animal modeis 

(Tochino, 1987). This indicates the presence of nonspecific polyclonal 

antibodies 

The origin and significance of these humoral manifestations are 

still unclear in both human and animal mode1s. Several reports have 

shown that sera from diabetic patients containing ICSA may alter a cel! 

function and be cytotoxic to the a cell in the presence of complement 

(Kanatsuna et al., 1981). However, it is not proven that ~uch antibodies 

can induce diabetes. In the NOD mouse model, one recent study indicated 

that these humoral anomalies are clear1y disconnected from the 

occurrence of diabetes and even of insulltis (Lehuen et al., 1990). 

These investigators suggest that NOD mlce, like other autoimmune 

strains, suffer from a genetieally inherited deteet of B lymphocyte 

regulation resu1ting in the hyperproduction of natural autoantibodies. 

111.3. ADOPTIVE TRANSFER OF THE DISEASE 

To investigate which cell subsets are involved in the a cell 

destruction, adoptive transfer of the disease has been done in both BB 

rat and NOD mouse. In the NOD mouse model, Wicker et a1.(1986) first 

developed an adoptive transfer protocol that induces diabetes in NOD 

mice at an age when spontaneous diabetes is rarely observed. Their 

results showed that greater than 95% (79/82) of irradiated non-diabetic 

NOD recipients (at least 7 wks of age) became diabetic when adoptively 

transferred spleen cells were obtained from diabetic NOD mice or non-
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diabetic NOD mice (more than 15 wks of age). Another study shows that 

diabetes can be adoptively transferred:with T cells in newborn NOD 

recipients without irradiation (Bendelac et al .. 1987). In these pAssive 

transfer studies, both male and female recipients are susceptible to 

disease in a dose-dependent manner. Severa1 studies ,Bende1ac et al., 

1987: Miller et al .. 1988) suggest that both GD4+ and GD8+ T cell 

subsets are necessary to adoptively transfer diabetes. HOWe\èr, 

successful transfer of insul~tis wlth only the T helper cells (CD4+) has 

been reported in NOD mlce (Wang et al., 1987; Charlton and Mandel 1988). 

Recently, transfer of insulltis with CD4+ T celi clones (Bradley et al .. 

1990) has been reported. AlI these studies reveal that T-Iymphocytes 

play a vital role in pancreatic a cells destruction. 

111.4. PREVENTION OF THE D1SEASE BY 1MMUNOTHERAPY 

A long prediabetic period with immunologie abnormalities and 

progressive p cell destruction gives a good chance to haIt pancreatic ~ 

cell 1055 with immune intervention. Multiple interventions can prevent 

diabetes in NOD mouse model. 

1) BONE MARROW TRANSPLANTATION: Bone marrow cells from NOD mice 

can transfer diabetes 5usceptib~lity to non-diabetes-prone FI mice and 

to normal mouse stralns (Yasumizu et al .. 1987). In addition, normal 

bone marrow prevents diabetes when transplanted into NOD mice. This 

suggests the genes creatlng diabetes susceptibllity act at the level of 

bone marrow precursor ceJls (Wicker et al .. 1988; Serreze et al., 1988); 

2) THYMEGTOMY: Athymie nude mice with NOD background (Harada and 
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Makino, 1986) or NOD miee which have undergone neonatal thymectomy 

(Ogawa et al .. 1985) do not develop insu1itis and diabetes, suggesting a 

pivotal role for T-lymphoctes ln the autoimmune process. However, 

thymectomy leads ta a dramatic increase in the incidence of diabetes in 

NOD fema1es when performed at weaning (3 wks) (Dardenne et al .. 1989). 

This i5 p0551bly due to the 10ss of sorne T cell-dependent suppressor 

mechanisms by the thymectomy at this stage. Furthermore. thymectomy had 

no effect on NOD males and females when delayed beyond 6-7 weeks of age. 

These findings may reflect time dependent differences in the development 

of necessary lymphocyte subsets in the thymus (i.e., effector T ce11s 

first and T-suppressor cells last). 

3) T-LYMPHOCYTE INJECTION: Injection of a non-islet cell reactive 

T lymphocyte line iso1ated from the is1et of new1y diabetie NOD miee 

into young nondiabetic NOD mlee profound1y inhibited the development of 

diabetes and a1most e1iminated insulitis (Reich et al., 1989b). This 

resu1t suggests that is1ets of rec~ntly dlabetic NOD miee eontain not 

only effector cells capable of damaging pancreatic a-ce11s (Reich et 

al., 1989a) but a1so cells that are able ta suppress (or regulate) this 

autoimmune response. Development of IDDM may depend on the balance 

between these opposing forces. 

4) MONOCLONAL ANTIBODIES TO T CELLS OR AGAINST CLASS-II MHC: 

Treatment wlth anti-Thy 1.2 mAb (T cells) can prevent diabetes but does 

not influence the progression of insulitis (Harada and Makino. 1986), 

whereas administration with L3T4 mAb (anti-CD4, detects mainly 

helperjinducer cells) abolishes bath insulitis and diabetes (Koike et 

al., 1987: Wang et al .. 1987; Shizuru et al .. 1988). These results 
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indicate that the diabetes process in the NOD mouse is T-helper cell 

dependent. This point has a1so been indirectly proved by use of anti­

class-II MHC antibody ta prevent diabetes (Boitard et al., 1988), since 

this mAb is be1ieved ta b10ck T-he1per ce11s recogn1t10n of their 

antigen(s). In addition, Lyt-2+ (GD8+) cel1s (main1y cytotoxic 

lymphocytes) and macrophages are necessary for the deve10pment of 

insulitis since treatment with anti-Lyt-2 antibodies and silica 

particles has a1so been reported ~o prevent a-ce11 destruction 

(Charlton et al., 1988). 

5) OTHERS: Cyc1osporine and nicotinamide (an inhibitor of p01y­

ADP-ribose synthetase) have been used in the NOD mouse to reduce the 

incidence of insu11tis and/or diabetes (Lampeter et al., 1989), and they 

also have sorne benefits in newly diagnosed Type 1 diabetic patients 

(Mendo1a et al., 1989: Pozzi11i et al., 1989). Both agents have sorne 

immunomodu1atory properties. 

IV. T-CELL CLONING 

IV.l. T-CELL CLONING TECHNOLOGY 

It is possible to obtain c10ned T ce11s that can be maintained in 

culture. This was made possible by the fo110wing technica1 advances: 1) 

The notion that phytohemagg1utinin (PHA) was mitogenic for T lymphocytes 

(Nowell, 1960), 2) Mixed 1eukocyte cultures (MLCs) were deve10ped to 

study immune responses to a11oant1gen (Bach and Hirschhorn, 1964), and 

the use of 8-mercaptoethna1 (2-ME) to im~rove lymphocyte responses in 

vitro (Cerottini et al., 1974), 3) T-cel1 growth factor (TCGF) was found 
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to be an essential ingredient for long-term growth of T lymphocytes 

(Gordon and MacLean. 1965: Kasakura ~nd Lowenstein. 1965; Morgan et al., 

1976). TCGF could be added from exogenous sources or could be produced 

endogenously by the activatlon of certaln T lymphocytes. TCGF was 

renamed inter1eukin-2 (IL-2) a few years later (Aarden et al., 1979), 

lL-2 is thus the factor essential for growth of T cells in conditioned 

medium (CM). but other lymphokines such as interleukin-4 (IL-4, 

originally designated BSF-l because of its activity on B ce1ls) also can 

serve as a growth factor for some T cells (Paul and Ohara, 1987). 

Most methods used to obtain c10ned T cells depend on the presence 

of exogenous T ce1l growth factors (e.g .. IL-2). Two rather distinct 

approaches have been used to derive and maintain human and murine T cel! 

clones. The first emp1 0ys 11-2 alone as the stimulus for T cell growth 

following T cell activation. However. this approach is frequently 

unsuccessful and such cells may rapidly develop phenotypic and 

karyotypic abnormal i ties. The secr,ltd approach for deri ving and 

maintaining T cell clones employs sttmulating antigen and "filler cells" 

in addition to IL-2. In the case of cloned T cells reactive with 

conventional soluble antlgens, the filler cells provide a source of la­

positive antlgen-presenting cells that are required for T cell 

stimulation (Kimoto and Fathman, 1980). Filler cells can be provided by 

spleen cells depleted of T lymphocytes (Lutz et al., 1981). The actual 

clones can be derived by limiting dilution (Glasebrook et al., 1981; 

MacDonald et al .. 1980), culture ln soft agar (Fathman and Hengartner, 

1978), or micromanipulatlon (Zagury et al .. 1975). Cloned T celis may be 

stored frozen in liquid nltrogen for several years. 
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The availability of T celi clones has greatly facilitated the 

analysis of the molecular basis for cellular interactions and for 

regulatory and effector functions of lymphocytes. But the major 

disadvantages of T cell clones are the requlrements for continual 

restimulation with antigen or mitogen and careful monitoring of culture 

conditions to allow T cell lines to be malntalned for Iüng periods of 

Ume. In an attempt to overcome the major problem with long~term growth 

of T lymphocyte clones, T cell hybridoma techniques have been developed. 

IV.2. T-CELL HYBRIDOMAS 

The development of T cell hybridomas was a natural off shoot of the 

Kôhler/Milstein method for making monoclonal antibodies (Kahler and 

Milstein, 1975). Following the first use of the thymoma BW5l47 to 

immortalize mouse T cells by fusion, there were doubts about whether 

functional T hybrids could be obtained (Melchers, 1978). These soon 

disappeared when Taniguchi and Miller (1978) reported the first 

successful fusion between functional T cells and a T cell thymoma line. 

It appears that most important T cell functions can be immortalized by 

fusion with BW5l47, including (with sorne expedients) cytotoxicity 

(Nabholz. 1980; Kaufmann. 1981). 

T cell hybridomas have sorne advantages as weIl as a few drawbacks. 

Among the former are the ease with which they can be prepared and 

cloned, and their rapid growth to any desired number in the absence of 

accessory ceils or growth factors (Beezley and RuddIe, 1982). One major 

drawback of hybridomas is that they are less stable than T cell clones, 

i.e .. their function 15 more likely to disappear in a relatively short 
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0: time. unless rescued by regular recloning. Chromosome loss over the 

first few weeks after fusion is probably partIy responsible. and 

thereafter many lines of interest have proved to be as stable as 

antibody-producing hybrids. Another problem concerns the extent to which 

the parent thymoma ceU determine the properties of i ts hybrids. 

The sought-after properties that make T celi hybridomas 

potentially S~ useful to immunology are, of course, their monoclonality 

and ability to grow rapidly and permanentIy The development of human-

human hybridomas producing lymphokines is an important advance that may 

in the future be clinically useful ln transplantation or allergy. 

Perhaps most lmpressive is the use of T cell hybridomas in elucidating 

the molecular nature and genetic origin of T cell receptor itself. 

V. AUTOREACTIVE T-CELL SnIDIES 

V.l. T-CELL RECOGNITION OF ANTIGEN 

T-cell recognition of antigen requires the formation of a multi-

molecular complex that includes a class-I or class-II MHC molecule. a 

peptide antigen. and the T cell receptor (Schwartz. 1985). Helper T 

cells generally recognize antigen ln association with class-II proteins. 

and most of the cytotoxic T cells recognize antigen in the context of 

class-I MHC products. 

A. THE MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) 

Major histocompatibility complex (MHC) molecules are a group of 

cell surface proteins encoded by genetically linked loci on chromosome 6 
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in humans and chromosome 17 in mice. They play a major role in self vs. 

nonself discrimination and are intimate1y involved in immunological 

recognition. Class~I MHG products are present on most nucleated cells 

and are recognized together w~th nominal antlgen by GDS+ T cytotoxic 

cells. Glass-II antlgens are normally expressed on B lymphocytes, 

activated T cells, monocytes, macrophages, dendrltic ce11s and thymie 

cortical epithe1ium. They are heterodimeric molecules that restrict the 

recognition by CD4+ T cells of antigens on antigen-presenting cells. 

Class-I MHC molecules in human inc1ude HLA-A, S, and C antigen. 

The homologous proteins in mice are H-2 K, D, and L antigens (Moe1ler, 

1983). Glass-II Molecules in the human are HLA-DP, DQ, and DR antigens. 

There are two isotypic forms in mice. I-A and I-E. I-A is the homologue 

of HLA-DQ, and I-E is the homolog of HLA-DR (Kaufman et al., 1984). 

B. T CELL RECEPTOR 

The principal antigen-specific T cell receptor is a disulfide­

linked heterodimeric transmembrane glycoprotein comprised of an a and a 

~ chain (McIntyre and Allison, 1983, Allison and Lanier, 1987) and 

clonally distributed on T cells in association with the GD3 complex 

(Cleverrs et al., 1988). There is also a small subset (less than 5% of 

peripheral T cel1s) that expresses TCRs consisting of T and 6 subunits 

(Brenner et al., 1986). Like immunoglobulins. each a. ~, T and 6 chain 

of the TCR contains a variable domain, involved in recognition, and a 

constant transmembrane "anchor" domain (Kronenberg et al., 1986). These 

polypeptides are encoded in the germline by various dispersed gene 

segments comprising variable (V), diversity (D, for the ~ chain gene) , 



24 

joining (J), and constant (C) gene segments. Functional Q and ~ genes 

are formed during T-cell development by DNA rearrangements that generate 

V-(D)-J genes. WhlCh are then joined to a C-region gene segment by RNA 

splicing (reviewed in: Kronenberg et al., 1986, Wilson et al., 1988). As 

a result of allelic exclusion, each T cell expresses only one TeR 

product. However, the potential T cell repertoire is extremely large. It 

is estimated that at least 10 7 unique TCR Molecules can be created. 

V.2. RESTRICTED TCR V~ USAGE IN EXPERIMENTAL ALLERGIe 

ENCEPHALOMYELITIS (EAE) 

EAE is currently the best characterized model of an antigen~ 

specifie, T cell-mediated autoimmune disease. It is an induced 

autoimmune disease of the central nervous system (Paterson, 1976) and 

mimics in Many respects the human disease of multiple sclerosis (MS) 

(Lassman and Wisniewsky, 1979). The disease can be induced by 

immunization with the autoantigen myelin basic prote in (MBP) (Fritz et 

al., 1985) or adoptive transfer of MBP-specific class II-restricted T 

cell clones (Zamvll et al., 1985). EAE is clearly mediated by CD4+ T 

lymphocytes. Adoptive transfer was performed origlna1ly with lymph node 

cells (Paterson. 1960), T ce1ls (Gonatas and Howard, 1974), selected T-

cell subsets (Pettinelli and McFarlin, 1981), and later by isolation of 

encephalitogenic T-ce11 1ines or clones (Ben-Nun et al., 1981; Zamvil et 

al., 1985). 

The T cell receptors of TH cel1s mediating EAE have been 

identified in two mouse strains of the H-2u hap1otype, B10.PL and PL/J 

(Urban et al., 1988: Acha-Orbea et al., 1988). Molecular 
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characterization of the TCRs used by BIO.PL-derived TH celis revealed 

the use of only two distinct V~ gene segments. V~8.2 and V~13. and two 

distinct Va gene segments, VoL.3 and VQ 4.3. The gene produets of either 

V~ segments can pair with the gene products of either Va segment to 

yield a total of four discrete types of TH cells. The maJorlty of TH 

cells examined expressed the V~8.2 gene segment (84%) while the 

remainder expressed V~l3 gene segment (16%). The distrlbution 01 Va gene 

segments was less skewed among these MBP-speclfic TH cells with 60% 

expressing Va2.3 and 40% expresslng Va 4.3. A slmllar restrlctlon exists 

in the repertolre of PL/J mice recognizing this epitope, a1though 

differences exist in gene segment usage between the two strains. In an 

analysis of eight TH clones mediating EAE in PL/J mlce, Acta-Orbea and 

coworkers (1988) found that seven out of eight clones share the V~8.2 

gene segment. Thus the Vp8.2 gene segment is exactly the same as used by 

the majority of BlO.PL and PL/J encepha1itogenic TH ce1ls. Whereas the 

Va gene segments are not the same, although their usage are a1so 

restr\cted. The TeR data from rats a1so showed that all the MBP(p68-88) 

specifie T-ce11 hybrldomas expressed the same Vp gene segment which 

shares 80% similarity with mouse V~8.2 (Burns et al., 1989). Such a high 

degree of restriction on the usage of Vp gene segments made it possible 

to prevent the disease by the administration of Vp8.2-specific 

monoclonal antibodies. Furthermore, it has been recently reported that 

treatment with Vp8.2 and V~l3-speciflc antibodles in BlO.PL mice led to 

a signiflcant reductlon in MBP responsiveness, a near-complete 

protection against EAE inductlon and a dramatic reversal of paralysis in 

affected animal (Za11er et al., 1990). 
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V.3. AUTOAGGRESSIVE T CELLS IN IDDM 

A. ISOLATION OF ISLET-SPECIFIC T CELL CLONES IN RATS. MICE AND 

HUMANS 

Passive transfer of diabetes with T-lymphocytes (both CD4+ and 

CDS+, or CD4+ alone) from newly diagnosed BB rats and NOD mice, as 

mentioned earlier, has prompted the hypotheses that autoreactive T-

lymphocytes mediate ~ cell destruction. Successful isolation of islet-

specifie T cells from BB rat and reeently from NOD mouse and human 

provided a strong support to this hypothesis. 

ISLET-SPECIFIC T CELLS IN BB RATS: Several T ce11 lines were 

isolated from the spleen and pancreas of newly diabetic BB rats, or BB x 

Buffalo hybriùs (BBUF)(Prud'homme. 1984; 1985a; 1985b). These T cel1 

lines proliferated and secreted IL-2 when challenged with islet cells or 

RIN-5F cells in the presence of RT-lu antigen-presenting cells. Most of 

these T cell Ilnes had a helper phenotype (W3jI3+. Wlj25+. OX8-) and did 

not lyse lslet cells as measured by chromium release. supporting their 

nature as T helper cells. To overcome the problem of long term 

maintenance of these T cell lines, T cel1 hybridomas wlth specificity 

for islet cell antigens have been produced ln BB rats (Prud'homme et 

al., 1986). The response of both these hybridomas and T cell lines to 

islet-speclfie antigen was clearly MHC restricted (Prud'homme et al .. 

1987) and these results indicated that RTl D class Il antigen of the rat 

MHC (analog to human DR and mouse I-E) i5 the restricting element in 

islet cell recognition by these rat autoaggressive T helper cells. 
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ISLET-SPECIFIC T CELLS IN NOD MIGE: A cloned islet-specific T cell 

line was derived from the spleen and LN of a newly dlabetic NOD mouse 

(Haskins et al., 1988). It was a CD4+ T lymphocyte that prollferated and 

made IL-2 in response to islet cell antigen and NOD antlgen presenting 

cells. This clone could completely destroy islet graft tIssue while 

similar grafts made with pituitary tissue were not affected. This 

suggested that the islet-specific T lymphocyte mediated islet 

destruction in a tissue-specific manner. Subsequently, a panel of islet­

specifie T cell clones from NOD mlce was produced by the same group 

(Haskins et al .. 1989). Most of their clones responded to islet-cel1 

antigen from different mouse strains but on1y in the presence of 

antigen-presenting ce1ls bearing the class II major histocompatibility 

comp1ex of the NOD mouse. In vivo, the clones mediate the destruction of 

is1et, but not pituitary, grafts. Furthermore, pancreatlc sections from 

a disease transfer experiment with one of the clones showed a pronounced 

cellular infiltration and degranulation of is1et in nondiabetic (CBA x 

NOD) FI recipients. Phenotyplc analysis of these clones show that aIl of 

them are helper T cells. CDS+ T cell clones have also been established 

together with T helper ce11 clones by another group (Reich et al., 

1989a). They showed that a combinatlon of CD4+ and CDS+ T cell clones 

was required to initiate diabetes in irradiated NOD and (NOD x BALB/c) 

Fl recipient mice. Interestingly. a more reeent report by Haskins and 

McDuffie (1990) demonstrates that a Islet-specifie CD4+ T cell c one was 

sufficient to initiate the dlsease process in young NOD mice. 

ISLET-SPECIFIC T GELLS IN HUMAN: Human T cell clones with 

specificity for insu1inoma cell antigens have recently been generated 
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from peripheral blood mononuclear cells of patients with newly diagnosed 

type l diabetes. Such clones prollferate in response to RINm 5F rat 

insulinoma membranes but not flbroblast membranes (Vliet et al., 1989). 

These insu1inoma-specific prollferatlve responses are HLA-DRl 

restrieted. The insulinoma membranes are presented ta the insulinoma-

specifie clones by HLA-DR, and not DQ moleeules, whieh is a challenge 

ta the hypothesis put forward recent1y by Todd et al., (1989). 

Furthermore, such cellular fractionation studies using rat insu1inoma 

indicate that the antigenic determinant recognized by one of these 

clones is an integral membrane eompanent of the insu!in secretory 

granule (Roep et al., 1990). Howe~er. the pathogenic potential of these 

clones in unknown. 

B. TCR V~ USAGE IN NOD MIGE 

The reports of limited heterogeneity in TeR v~ elements in 

autoaggressive T cells of EAE have generated considerable interest. This 

encouraged people ta lnvestigate TeR v~ usage in is1et-specifie T cell 

clones isolated from diabetic NOD mice. Sa far TeR V~ usage analysis in 

NOD miee have generated apparently eonflieting results. ~-cell specifie 

CD4+ clones from spleens of diabetic NOD mice described by Haskins et 

al. (1989) appear to be heterogeneous in TCR V~ usage. Reich et al. 

(1989a) reported that a1l their CD~+ and half of the CDS+ clones 

isolated from the pancreas of recently diabetlc NOD mice used V~5, known 

to be deleted during development in I-E expressing mice (Bill et al .• 

1988). A prevl0us report showed that introduction of a transgenic class 

II molecu1e (I-E) protected NOD mice from insu1itis and diabetes 
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(Nishimoto et al .• 1987). Reich et al. (1989a) thus presumed that i-E 

molecules expressed in NOD transgenic mi ce delete V~5-bearing cells and 

consequently protect the animal from autoimmune ~ cell destruction. 

Unfortunately, th1S theory has not been confirmed by depleting the V~5 

cells to protect NOD mice from diabetes. In addition, Lipes et al. 

(1989) reported insulitis in transgenic mice where almost aIl T celis 

express V~8.2: and Bacelj et al. (1989) showed that the injection of 

anti-V~8 prevents diabetes in cyclophosphamide-treated NOD mice. 

Moreover, Garnaud suggested that the T cell population was of V~6 

phenotype since its depletion decreased the ability of splenocytes from 

diabetic NOD mice to passively transfer disease (see: Leiter et al., 

1990). Therefore, the islet-specific TGR V~ expression in IDDM is still 

not weIl understood. 

VI. RATIONALE 

Insulin-dependent diabetes mellitus in human is a genetically 

programmed T ceII-mediated autoimmune process that is directed against 

pancreatic p ceIIs. Since the exact m~chanisms of T cell actions in the 

immunopathogenesis of IDDM lS not yet known. it would be valuable ta 

find out which types of T cells are involved in the ~ cell destruction 

process and the manner of antigen recognition by those autoaggressive T 

cells. Furthermore, the knowledge of the TeR expressions of 

autoaggressive T cells might lead to immunological therapies with 

specifie anti-V~ monoclonal antibodies. In th1s thesis the NOD mouse 

model was used malnly for its resemblanee with human diabetes. 

Investigation of severai aspects of autoaggressive T eeli in autoimmune 



o 

30 

diabetes was do ne through the construction of T cell hybridomas. The 

main reason for choosing T cell hybridomas instead of T cell clones was 

that they can be easily constructed. maintained and manipulated as 

discussed earlier. 
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PART II. MATERIALS AND HETHOnS 

1. MATERIALS 

1.1. AN l MALS 

Diabetes-prone mice: NOD mice [H-2 Kd, I-ANGD. I-E-, Db] were 

obtained from E. Leiter of Jackson Laboratory, Bar Harbour, Maine, and 

have been maintained in our animal faci1ities for several generations. 

These animaIs were tested weekly for urine glucose wlth Tes-Tape. Both 

males and females were used in the experlments. Samp1es were taken when 

they just became diabetic (usually 4-5 months old in our colony). 

Newborn NOD mice (7-10 days) were a1so used as source of islet antigens. 

Non-diabetes-prone mice: mice of C3HjHej [H-2 Kk, I-Ak, I-Ek, Dk] 

and C57blj6 [H-2 Kb, I-Ab, I-E-, Db] were purchased from Harlan Sprague 

Dawley, Indianapolis, IN. Both newborn and adult mice are used as 

sources for different control is1et antigens and antigen-presenting 

cells (APGs). 

1.2. MEDIA AND REAGENTS 

Complete medium: RPMI 1640 supplemented with 10% fetal calf serum 

(FCS), penici11in-streptomycin mixture (100 U/ml. 100 ~gjml 

respectively), 2 mM L-glutamine. 1 ml'! Sodium pyruvate, 10 mM Hepes. 

adjusted to pH 7.2 wlth ION ~aOH and filter sterilized. Al1 the reagents 

were from Gibco Laboratories, Grand Island. NY., except the Hepes buffer 

which was from Boeringer Mannheim Canada. 
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T-cell medium: complete medium with 20X FeS, 20 mM Hepes and 50 ~M 

2-mercaptoethanol (2-ME) (Eastman Kodak Co .• Rochester, NY.). 

HAT supplement (10 mM hypoxanthine, 40 ~M aminopterine and 1.6 mM 

thymidine) and HT supplement (HAT supplement minus aminopterine) were 

purchased from Gibco. Concanavalin A (Con A), collagenase, and 8-

azaguanine used in this study were from Sigma Chemical Co., St. Louis. 

Mo .. DMSO was from Fisher Scient1fic; Polyethylene Glycol (PEG) was from 

BDH Medical Ltd, Poole. England: 3H-thymidine was from Amersham. 

Oakville, Ont; Beta-Max liquid scintillation fluid was from ICN 

Biochemicals, lnc., Radiochemlcals Division, Irvine, Ca.; Lympholyte-M 

was from Cedarlane Laboratories, Hornby, Ont.; and Percoll was from 

Pharmacia, Uppsala, Sweden. 

1.3. CELL LINES AND ANTIBODIES 

A. CELL LINES 

CTLL-2: an interleukin-2 dependent mouse T cell clone, was 

obtained from the American Tissue Type Culture Collections, Rockville, 

Md. 

BW 5147(a-~-): a subline of the mouse HAT sensitive thymoma BW5l47 

with a TeR Q-/~- and CD3-, CD4-. CDS- phenotype. was a kind gift from 

Dr. Philippa Marrack 
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( B. ANTIBODIES 

List of antibodies used in this thesis 

Marker Cell line Source Conjugate Reference 

Name 

CD3 145-2C-ll J. B1uestone FITC* B1uestone et al .• 

1987 

CD4(L3T4) GK1.S ATCC (TIB 207) PE* Dia1ynas et al. , 

1983 

CD8(Lyt-2 3.155 ATCC (TIB21l) FITC Sarminento et al .• 
1 1980 

Vp3 KJ-25-606 P. Marrack FITC Pullen et al .. 1988 

.7.5 

VP6 44-22-1 H. Hengartner FITC Payne et al., 1988 

V {J8 F32.1 M. Bevan FITC Staerz et al. , 1985 

V{J8.1/8.2 KJ16 -133.18 P. Marraek PE Haskins et al. ,1984 

Vpll RR>lS O. Kanagawa FITC Kao et al. , 1988 

*FITC represents fluoreseein isothiocyanate 

*PE represents phyeoerythrin 

II. HETHODS 

II.1. PREPARATION OF SPLEEN CELLS (ANTIGEN-PRESENTING CELLS) 

Mice were killed and splenectomies were performed under aseptic 

conditions. The spleens were kept in iee co1d Hanks ba1anced salt 

( 
solution (HBSS) and then passed through a stainless steel tissue sieve 
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to make a cell suspension, which was washed twice with HBSS. Residual 

spleen fragments were removed by allowing the suspension to settle for 2 

minutes. The supernatant was transferred to a centrifuge tube and spun 

st 1400 rpm in a bench top centrifuge for 10 minutes at room 

temperature. The cel1 pellet was resuspended in complete medium and 

irradiated at 2000R. They were used either immediately as APCs or frozen 

and stored in liquid nitrogen for use later. 

II.2. PRODUCTION OF lL-2 

Spleen cells were preparùd from rats with a similar m~thod as 

described above. They were suspendAd in T-cell medium supplemented with 

5~g/ml GonA at a concentration of 3 x 1J6 cells/ml and cultured in 

either T-75 flask (50 ml suspension) or T-175 flask (150 ml suspension) 

for 24 hours. The culture was centrifuged at 400g for 20 minutes, the 

supernatant was collected and stored at _20 0

• This supernatant contains 

IL-2 and is called ConA supernatant or CAS. CAS was thawed just before 

use, first fi1tered with 0.8 #m pore fil ter and then sterilized with 

0.22 #m filter. 

II.3. ISLET GELL PREPARATION 

Thirty baby mice pancreases were usually used for each preparation 

of islet cells. Pancreases were removed from baby mice (7-10 da ys old) 

and kept in cold HBSS. They were transferred to a petri dish containing 

5 ml collagenase solution (2 mg/ml collagenase. 0.3 mg/ml aprotinin, 

0.27 mg/ml DNase 1. 1% BSA in HBSS). minced to about 1 mm pieces with 

curved scissors and transferred to a small beaker. the petri dish was 
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washed with an additional 25 ml of collagenase solution and also 

transferred ta the beaker. Tissues were broken into smaller fragments by 

vigorous aspiration with a 5 ml plastic pipet for about 2 minutes. and 

then incubated at 37
0 

for 10 minutes on a magnet stlrring plate. The 

mixture was pipetted again for another 1-2 minutes and let sit for 3 

minutes. The top 5 mls of the suspension was transferred to a 50 ml tube 

with 5 mls of HBSS and kept on ice. The digestion cycle was repeated 

twice (the incubation time for the last cycle was reduced ta 3-6 minutes 

instead of 10 mlnutes) and all the digestion products combined together. 

All the above procedures were done under aseptic conditions. Islets of 

Langerhans were collected by centrifuging at 1400 rpm in a bench top 

centrifuge for 10 minutes and the supernatant was removed except the 

bottom 2 ml. The p~llet was resuspended with a plastic pipet, carefully 

overlaid on the top of 5 ml percoll solution with a density of 1.045 

mg/ml in HBSS and let sit for 5 minutes to allow the islet cells ta 

sediment to the bottom of the tube. Percoll was then aspirated from the 

tube and the cell pellet resuspended in 10 ml of room tempe rature 0.29% 

trypsin solution. The tube was sWirled gently ln a 37
0 

water bath for 10 

minutes and a drop of the suspension was checked at 5 minutes under a 

microscope. Wben digestion was complete the suspenSlon was washed three 

times with HBSS, the cells resuspended in 30 ml of complete medium and 

incubated at 37° overnight :n a T-75 culture flask to allow cell surface 

antigens regenerate. After overnight incubation, the islet cells were 

irradiated at 2000 Rand were than used immediately as antigens, or 

frozen and stored in liquid nitrogen. 

( II.4. ISOLATION OF T CELLS FROM \HE PANCREASES OF D1ABET1C NOD 

l 
j 
~ 

1 

'1 
~ 

J 
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MIGE 

One pancreas from a newly diabetic NOD mouse was used to isolate a 

cel! suspension. using basically the same procedures as described above. 

15 ml of collagenase solutlon were used. After digestlon of islets with 

collagenase the mixture was washed three tlmes wlth HBSS. the cells 

resuspended ln 30 ml of T cell medium supplemented with 5 ~g/ml Con A. 

l06/ml irradiated filler cells (NOD spleen cells). 10% CAS and cultured 

at 37° for 3 days. The cell culture was then washed every 3 days with 

HBSS and transferred to another flask to remove the fibroblasts which 

adhere to the flask. Nonadherent cells were recultured in fresh T cell 

medium supp1emented with 10% CSA until T cell concentration reached 

about 106 , when the y could be used for cel1 fusions. 

II.5. GENERATION OF T CELL HYBRIDOMAS 

In this study, T cells were fused with a subline of the mouse HAT· 

sensitive thymoma BW5147 which is TCR ~-/~-. BW5l47 (~-~-) cells were 

grown in complete medium supplemented with 20 ~g/ml 8-azaguanlne for one 

week to make them sensitive to HAT. Two days before fusion, thymoma 

ce1ls were split every day and fed wlth fresh complete medium to induce 

a log growth phase. Prior to fusion. both T cell blasts and the BW5l47 

cells were washed twice with complete medium without FCS. They were then 

mixed at a ratio of 1:10 (T cell/BW5147 cell) and spun down in a 50 ml 

centrifuge tube at 1400 rpm for 10 minutes. The supernatant was removed 

from the tube and the pellet was dislodged from the bottom of the tube 

by gentie tapping. 1 ml of 35% PEG ln RPMI was added to the tube with 

cells at a rate of 1 drop per second while rotating the tube slowly. 
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After two minutes, the cells were pelleted at 900 rpm for one and a half 

minutes in a bench top centrifuge. Two minutes later 8 ml of complete 

medium without FCS was added dropwise (within one minute) while rotating 

the tube, then 2 ml of FCS was added to stop the fusion process. The 

contents of the tube were mixed by gently tilting the tube back and 

forth and incubated in a sterile petri dish at 37° for one hour. The 

fusion product was diluted ta the concentration of about 105 cells per 

ml with complete medium and cultured in 0.5 ml aliquots in 24 well 

plates at 37° for 24 hours. To each well, 0.5 ml of 2X HAT was added and 

the plate was incubated for another 10 days. At that time cells were fed 

with HT medium by aspirating 0.5 ml from each well and adding 1 ml of HT 

medium. This was repeated every 4 days by removing 1 ml from eaeh well 

and adding 1 ml of fresh HT medium. In wells where hybridomas developed, 

the cells were transferred to 6 well plates and cultured for 5-6 days. 

At this point the hybrldomas could either be tested or frozen with 30% 

DMSO and stored in liquid nitrogen. 

II.6. SCREENING FOR ISLET-SPECIFIC HYBRIDOMAS 

Screening for is1et-specifie hybridomas was done in 96 flat well 

plates. Hybrldoma cells (104 ), APCs (5 x 105) and either 104 or 3 x 104 

irradiated islet cells were co-cultured in triplicate wells with 250 ~l 

of T eell medium. After 48 hours 100 ~l of supernatant was collected 

from each triplicate well and combined in one tube. These supernatants 

were either tested for IL-2 immediately or frozen at _20
0 

for later 

testing. 

The IL-2 assay was performed as described by Gillis et al. (1978) 
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using the CTLL-2 cell line. This assay is based on the ability of IL-2 

to stimulate the growth of CTLL-2 cells. CTLL-2 cells were grown in 30% 

CAS in T cell medium and fed every 3 days with fresh medium. At the day 

of testing. CTLL-2 cells were wash~d three times with HBSS before assay. 

104 cells per well were cultured with various dllutions (1:16, 32 

1024) of ConA supernatant of spleen cells (CAS) (to establish a standard 

eurve) or 200 ~l of hybrldoma supernatant (1:4 dilution) in T cell 

medium. After 20 hours. these cells were pulsed with 1 ~Ci [3H) 

thymidIne per well for 4 hours. Cells were collected with a cell 

harvester ont a fil ter papers and [3H] Thymidine uptake was measure~. 

when the filter dises were eompletely dry, by liquid scintillation 

counting in 5 ml cocktail. 

Il.7. CELL SURFACE MARKERS AND TCR V~ ANALYSES 

Flow eytometry analyses were performed with a fluorescence-

activated cell sorter (FACS) analyzer (Becton-Dickinson Co .. FACS 

division, Sunnyvale. CA) using the methods described by Loken and Stall 

(1982), and Braylan (1983) with sorne modiflcatlons. Single-color 

analyses were usually performed with FITC or PE conjugated antibodies. 

In sorne cases, the primary reagent was an unconjugated rat or mouse 

monoclonal antibody, and the seeondary reagent was an affinity-purified 

FITC-conjugated anti-rat or anti-mouse IgG (Fe). In this study, the CD3 

marker and rCR Va's analyses were usually done with single-color 

analysis whi1e the analyses of CD4 and CD8 markers were done wlth two-

color techniques. For the two-color analyses, the anti-CDS monoclonal 

antibody was conjugated with FITC, the anti-CD4 monoclonal antibody was 
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conjugated with PE. 

Before staining dead cells were removed by centrifuging cultured 

cells through lympholyte-M at 1400 rpm for 20 minutes at room 

temperature. Live cells at the top of the tube were washed three times 

with HBSS and pelleted again. primary antibodies were then incubated 

with the cells at 4° for 30 minutes; secondary antibodies were added ta 

the cells after three washes with HBSS and incubated at 4° for another 

30 minutes in the cases where two antlbodles were used for staining. 

After washing with HBSS for three times all stained samples were fixed 

with 0.3 ml of paraformaldehyde before flow cytometry analysis. 

Briefly, a Mercury lamp in the FACS analyzer was used for 

excitation of bath FlTC and PE at 485±20 nm. Fluorescence emission was 

detected by selectively collecting 530±15 nm emission for FlTC (green) 

and 575±25 nm emission for PE (red). The data were analyzed by a Consort 

30 computer system (Becton-Dickinson. FACS Division). In determining the 

percentage of positive cells, a Marker was set on the appropriate 

control histogram such that less than 0.5% of cells were ta the right of 

this Marker. By uSlng this as a reference pOlnt, the percentage of cells 

in the speclfic antibody-stained sample histogram was calculated. For 

each histogram 5000 or more cells were analyzed. 

TCR V~ expressions of the hybridomas were also analyzed through 

mRNA typing in collaboration with Dr. A. N. Theofilopulos (Scripps 

Clinic Research Foundation. La Jolla. California) using a multiprobe 

RNase protection assay with a full set of 17 available Vp probes as 

described in Singer et al. (1988). Briefly. Vp DNA inserts with a 
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distinct length for each v~ element were cloned into pGEM transcription 

vectors and 32p labelled V~-antisense RNA probes were synthesized by in 

vitro transcription in the presence of [a_ 32 p] UTP. These antisense RNA 

were used to hybridize with total cellular mRNA from the hybridomas in 

solution with excess amount of probes, and then the unhybridized RNA's 

were digested with RNase A and RNase Tl. The protected probes were 

séparated by polyacrylamide gel electrophoresis (PAGE) and the size of 

protected bands visualized by autoradiography . 
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PART 1 II. RESULTS 

1. T CELL HYBRlOOMAS FROM DIABETIC NOD MOUSE 

The deve10pment of IDDM in human, mouse and rat is eharacterized 

by insulitis in whieh islet eel1s are specifica11y destroyed (Lampeter 

et al., 1989). The presence of is1et-specifie T eel1s in these 

pancreatic lesions has been documented in both rat (Prud'homme et al., 

1984, 1986, 1987) and NOD miee (Appel et al .. 1988; Reich et al., 

1989a). To further study the is1et-specifie T ce11s, a panel of is1et­

reactive T cell hybridomas were produced from the pancreas of NOD mice 

and ana1yzed for their cel! ~urface markers and TeR Vp expression. 

1.1. CONSTRUCTION OF T CELL HYBRIDOMAS 

A1though hybridomas have been wide1y used in T ce11 studies and 

have proven ta be important tools in the studies of organ-specifie 

autoimmune diseases such as EAE (Burns et al .. 1989) and IDDM in rat 

models (Prud'homme et al., 1986), ta rny knawledge no such T ce11 

hybridornas have been constructed from the pancreas of diabetic NOD miee. 

It is our belief that these hybridomas are valuable research tools in 

understanding the immunopathogenesis of IDDM. 

In this studies. a total of seven female and five male newly 

diabetic NOD mouse pancreases (1-7 days after diagnosis) were used as 

the source of T ce11s for 8 separate fusions. One or two pancreases from 

mice of same sex were used for each fusion experiment. The pancreases 

were digested in ea11agenase solution and whole digested pancreatic 
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tissue was cultured with T cell mitogen ConA 5~I/ml and fi11er cells 

lOG/ml (i.e, irradiated NOD spleen cells) in T cell medlum supplemented 

with IL-2 (10% CAS). After 5-7 days in culture, cell blasts (including 

mainly lymphocyte blasts and flbroblasts) could be observed under the 

microscope. Fibroblasts were removed by gently transferring the 

nonaherent cells ta a fresh flask, since they tend ta stick tight1y ta 

the wall of the culture flask. Lymphocyte blasts were recultured in 

fresh T cell medium supplemented with 10% CSA for 10-14 days. These 

blasts, mainly T cell blasts, were then fused with HAT sensitive mouse 

thymoma cells BW5147 (a-~-) and seeded to several 24-well plates by 

limiting dilution with complete medium. 

A total of 119 hybridomas were obtained from these eight fusions 

with varying yields ranging from 1 ta 46 hybridomas per fusion. The 

results of the fusion experiments are summarized in Table Il. 

1.2. ANALYSES OF HYBRlDOMA CELL POPULATION 

To assess the composition of this hybridoma panel. the cells were 

analyzed for their cell surface markers including CD3. CD4 and CDS as 

described in materials and methods. The results are summarized in Table 

III. A large percentage of the hybrids (approx 46%) lack either CD3 or 

both CD4 and COB. These hybrids would not be expected to be functional 

in our assay, and ln fact none of these hybrids produced IL-2 when 

stimulated with lslet cells and APC's (not show). The lack of these 

markers May be due to the 10ss of chromosomes carring corresponding 

genes following fusion. or in sorne cases to the fusion of non-T cells 

with BW5147. Sorne hybrids expressed bath GD4 and GDB (Table III). This 
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Table II 

Generation of T cell hybridomas 

Fusion No. Sex No. of pancrease No. of hybridomas Growth(%)* 

1 F 1 4 1.9 

2 M 1 1 1.0 

3 M 1 8 7.4 

4 M 1 13 10.0 

5 M 2 16 11.1 

6 F 2 1 2.1 

7 F 2 46 26.8 

8 F ~ 30 11.1 L 

* The hybridoma growth (%) was caculated by dividing the number of wells 

in which hybridomas grew with the total number of wells seeded. 

c 
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may have resulted from the fusion of double positive (CD4+ CDS+) T 

cells, or from activation of the CD4 or CDB gene following celi fusion, 

or from the growth of a CD4+ and a CD8+ clone in the same well (see 

below) . 

II. ISLET-SPECIFIC T CELL HYBRlDOMAS 

II.1. FREQUENCY OF ISLET-REACTIVE HYBRIDOMAS 

Fifteen to twenty hybridomas were tested for their islet 

reactivity in each experiment. Hybridomas were thawed. recultured for 3-

7 days to get enough cells and examined under the microscope to make 

sure that they were healthy before tasting. Triplicate wells with 104 

hybridomas per weIl ~ere co-cultured with 5 x 105 irradiated NOD spleen 

ceIIs as antigen presenting celis (APCs) and 104 or 3 x 104 irradiated 

isiet celis as the source of antlgens as described ln materiais and 

methods. Hybridomas aione, NOD APCs alone. NOD islets aione and 

hybridomas plus NOD APCs were also cultured as controis. IL-2 is 

expected to be produced by the hybridoma celis only if they react with 

islet antigens or antigens on the APC's. Supernatant from each weIl was 

diluted four fold and tested for lL-2 wlth IL-2 dependent CTLL-2 ceIIs. 

In this study, twelve of the 94 hybridomas tested (12.8%) were found to 

be reactive to islet antigens sinee high levels of IL-2 were produced 

with APCs and islet antigens (but not APC's aIone), while the control 

we~.ls produced only low leveis of IL-2 (Figure 1). These posith'e 

hybridomas were tested 2-3 more tlmes on different occasions within a 

period of about 1 year after initial identification to confirm the 

results and also to investigate the stability of these hybridomas. Most 
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Table III 

Phenotype determination of hybridomas* 

Percentage of total hybridomas in panel 

23.4% 

9.6% 

21.3% 

18.0% 

27.7% 

* These results were obtained by flow cytometry typing. T celi 

receptors were determined by single color staining with anti-CD3 

monoclonal antibodies conjugated with FIYC. CD4 and CDS markers were 

determined by double color staining with anti-CD4 monoclonal antibodies 

conjugated with PE and anti-CD8 monoclonal antibodies conjugated with 

FITC. 
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Figure lA. Response 01 T cell hybridomas 
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Figure lB. Response of T celi hybridomas 
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of the hybridomas showed positive reactions in three tests while others 

showed positive reactions twice. Representative results are shown in 

Figure 1. Most of the hybridomas were relatively stable during the one 

year period although some hybridomas lost cell surface markers within a 

few weeks after the fusion. For example, sorne hybridomas (NOP 7.4, NOP 

7.11, NOP 7.21) lost the CD4 marker and became unresponsive. 

II.2. PHENOTYPE ANALYSES OF ISLET-REACTIVE HYBRIDOMAS 

ALI the islet-reactive T cell hybridomas were analyzed for their 

cell surface markers including CD3, GD4 and GDB with the sarne method as 

described above. The FAGScan results are shown in Figure 2. Figure 3. 

and Figure 4. AlI of the islet-reactive T cell hybridomas were 

CD3+CD4+CDS- (Figure 3) except only one (NOP 4.13) which contained both 

a CD4+ and a CDS+ population (Flgure 4). Note that BW5147 (Q-~-) cel1s 

were CD3-GD4-CDS- (Figure 2). TeR V~ expression analysis of NOP 4.13 

indicated that hybridoma NOP 4.13 was not a clone since it had two 

different TCR Vp ' This hybridoma was Iater subcloned through Iimited 

dilution (0.5 cell per weIL) w1th complete medium and cultured in 96-

weIL plates for about two weeks. The cells were tested for islet­

reactivity. subclone NOP 4.13.2 was found to be islet-reactive and aIL 

cells Were CD4+. This suggests that aIL of the islet-reactive T cell 

hybridomas were from fusions with T helper celis. 

GD4+ hybridomas comprise 33% of the total hybridoma panel (23.4Y. 

CD4+CDS- plus 9.6% CD4+CDS+) (Table III). Therefore the frequency of 

is1et-reactive hybridomas constitute almost 39% of all the CD4+ 

hybridomas. This high frequency of islet-reactive T helper celi 
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FIGURES 2, 3, AND 4: PHENOTYPE DETERMINATION OF ISLET-REACTIVE 

HYBRIDOMAS. 
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The phenotype of each islet-reactive hybridomas (or the fusion 

partner cells, BW5l47) was analyzed by flow cytometry typing for T ce II 

surface makers CD3. CD4 and CD8. CD3 was identified hy single color 

staining with anti-CD3 monoclonal antibodies directly conjugated with 

FITC as sho~n ln Figures 2A. 3A. 4A. The horizontal scale represents the 

intensity of fluorescence from anti-CD3/FITC (in log scale), the 

vertical scale represents the number of cells. 

CD4 and GDB were identified by double color flow cytometry 

analysis using anti-CD4 monoclonal antibodies conjugated with PE and 

anti-CD8 monoclonal antibodies conjugated with FlTC respectively as 

shown in Figures 2B. 3B. 4B. The horizontal scale represents the 

lntensity of fluorescence from anti-CD8/FITC while the vertical scale 

represents the intensity of fluorescence from anti-CD4/PE, both of which 

are in log scale. 

Figure 2. Flow cytometry typing of BW 5147 (a-~-) cells as negative 

controls, showing that the fusion partner is CD3-CD4"CDS-. 

Figure 3. Flow cytometry typing of hybridoma NOP 7.15, representive of 

all the islet reactive hybridomas except one (Figure 4), showing 

CD3+CD4+ phenotype. 

Figure 4. Flow cytometry typing of NOP 4.13. lt is the only hybridoma 

which seems ta be composed of a CD3+CD4+ populatlon and a 

CD3+CD4+CD8+ population. This suggests that it 15 not a clone. 
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hybridomas suggests that even after the onset of overt diabetes there 

are still large numbers of potentially islet-reactive CD4+ T cells in 

the pancreas of NOD mice. 

II.3. ISLET-SPECIFICITY 

To investigate if these islet-reactive T eell hybridomas reaet 

specificically with islet antigens in a MHC restricted manner. ten out 

of twelve these hybridomas were tested with different eombinations of 

antigens and antigen presenting cells. Irradiated islet cells from 

G3HjHej, C57BL/6 and NOD mlce, NOD liver cells. rat thymus cells were 

used as antigens while irradiated spleen cells from C3H/Hej, C57BL/6 and 

NOD miee were used as APCs in the tests. These tests were done with the 

same procedure as descrlbed in section II.1 and the results are 

summarized in Table IV. Ali the islet-reactive T cell hybridomas reacted 

only with islet cells but not with liver eells or thymus cells (data not 

show). ThlS indlcated that the y were islet-cell specifie. Furthermore, 

it seems that all the reactions (exeept in three cases, see below) 

require the presence of APCs from NOD miee, whieh ean not be substituted 

by APCs from other strains of miee. Sorne hybridomas responded to NOD 

islets, but not to islets from other strains. in the absence of NOD 

APCs. Possibly, our islet cell preparations contained 

maerophage/dendritic cells, which in sorne cases were sufficient to 

present islet-eell antigens and aetivate T cell hybridomas. 

Interestingly. sorne of the hybridomas dld respond to islet cells from 

other strains (C3H/Hej, C57BL/6), but only in the presence of NOD APC's 
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Table IV. 

Response of T hybrids ta islet cel1s and APC's of NOD vs other strains 

i 1 

Hybrid UQD AeC c3HLHej AeC C57Bl!L6 APC witnout A;EC 

+ + + + 
name Islet of Islet of Islet of Islet of 

NOD C3H C57BL NOD C3H C57BL NOD C3H C57BL NOD C3H C571lL 

NOP 4.13 + - - - - ND· - ND - - - -

NOP 7.11 + - - - - - - - - - - -

NOP 7.12 + + + ND - - ND - - + - -

NOP 7.14 + - - - - - - - - - - -
NOP 7.15 + - - ND - - ND - - + - -

NOP 7.17 + + + - - - - - - - - -
NOP 7.21 + + + ND - - ND - - + - -

NOP 7.23 + + + - - - - - - - - -

NOP 8.6 + - - ND - ND ND ND - - - -

NOP 8.10 + - + ND - ND ND ND - - - -

*ND: not determined. 
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(but not with C3H/Hej. C57BL/6 APC's). These suggest that the NOD APC's 

process islet-cell antigens and impart MHC restriction to this response. 

III. THE EXPRESSION OF TCR Vp ELEMENTS IN ISLET-SPECIFIC T CELL 

HYRRlDOMAS 

It has been well documented in some other autoimmune diseases, 

especially experimental allergie encephalomyelitis (EAE) that the usage 

of TCR V~ repertoire was very limited and thus it has been possible to 

prevent EAE by injecting anti-TCR monoclonal antibodies in mlce and rats 

(Urban et al .. 1988; Acha-Orbea et al .. 1988; Zaller et al .. 1990). 

However. EAE is induced experimentally with dominant encephalitogenic 

peptides of myelin basic protein. such that it was not clear that a 

restricted expression of TCR V elements would also occur in a 

spontaneous autoimmune disease, i.e., IDDM in the NOD mouse. 

TCR V~ expression of the islet-specific T cell hybridomas were 

analyzed in this study. This work was done by single-color flow 

cytometry analysis using avallüble monoclonal anti bodies against various 

V~ elements. The list of monoclonal antibodies available in our lab at 

the time of the experiments lncluded anti-TCR Va3, V~6, V~8. Vpll. The 

results of these experiments lndicated that clones NOP 7.14 and NOP 7.23 

expressed TeR VaS (Flgure 6 and Figure 7), clones NOP 7.15 and NOP 7.21 

expressed TCR Va3 (Flgure 8 and Figure 9) , clones NOP 8.6 and NOP 8.10 

expressed TCR Va6 ~Table V) Several hybridomas were negative with all 

the anti-Vp antlbodies. Through the collaboration with Dr. A 

Theofi1opou1os at Scripps Clinic and Research Foundation. Ca1ifornia. 

the TCR V~ expression of these is1et-specific T celi hybridomas were 
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also analyzed through the analysis of TeR v~ transcription products by 

mRN~ protection assay as described in the Methods section. These 

analyses confirmed the findings obtained through single-color flow 

cytometry. Gomblning both sets of data. TCR expression of these 

hybridomas were summarlzed in Table V. lt is apparent that several V~ 

elements are represented with no obvious dominant type in these islet-

specifie T cell hybridomas. 
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FIGURES S, 6 AND 7: TCR Vp TYPING WITH ANTI-Vp8 MONOCLONAL 

ANTIBODIES. 

57 

Histogram A in each figure is the result from unstained cells as 

negative control. Histogram B's are the results of single color flow 

cytometry analysis with anti-CD3 monoclonal antibodies conjugated 

directly with FITC. Histogram C's are the results of staining with 

biotin-FITC (as control for two-step staining), Histagram O's are the 

resu1ts of staining with anti-Vb8 monoclonal antibodies indirectly 

conjugated with FITC through biotin. 

Figure S. Staining of BW 5147 (Q-~-) as negative control. lt Is quite 

clear that the fusion partner calls are negative for aIl analyzed 

markers. 

Figure 6. TCR typing of hybridoma NOP 7.14 showing that aIl the ce11s 

are CD3+ (Figure 6B) while 75% of the ce1Is are V~8+ (Figure 6D). 

lslet reactive cells derived from NOP7.14 were almost 100% V~8+ 

after subcloning (not shawn), 

Figure 7. TCR typing of hybridoma NOP 7.23 showing that aIl the ce1ls 

are CD3+ (Figure 7B) and more than 90% of the ceIIs are V~8+ 

(Figure 7D). 
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FIGURES 8 AND 9: TCR V~ TYPING WITH ANTI-V~3 MONOCLONAL 

ANTIBODIES. 
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Histogram A in each figure is the result from unstained cells as 

negative control. Histogram B's are the results of single color staining 

with anti-CD3 monoclonal antlbodies conjugated directly with FITC. 

Histogram C's are the results of staining with anti-V~3 monoclonal 

antibodies directly conjugated with FITC. Figure 8 represents the TCR 

typing of hybridoma NOP 7.15 and Figure 9 for NOP 7.21. ln bath cases, 

almost all of the ce11s are V~3+. 
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Table V 

TeR v~ expression in islet-reaetive T cell hybridomas 

T cell Hybridoma TeR V~ Expression* 

NOP 4.13.2 V~lO 

NOP 7.12 V~14 

NOP 7.14 V~8.2 

NOP 7.15 V~3 

NOP 7.17 V{312 

NOP 7.21 V~3 

NOP 7.23 V~8.1 

NOP 8.6 V{36 

NOP 8.10 V~6 

* Typing by flow cytometry with anti-V{3 monoclonal antibodies and/or in 

an RNase protection assay with specifie mouse V~ probes (see 

test). 
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PAlT IV. DISCUSSION AND CONCLUSIONS 

I. DISCUSSION 

IDDM is now widely believed to be an chronic autoimmune disease in 

which activated T-lymphocyte destroy the insulin p~oducing p-cells of 

the pancreatic islets. This view is strongly supported by isolating 

isiet-reactive T-cells in BB rats (Prud'homme et al., 1984; 1986) and 

NOD mice (Haskins et al., 1989; Reich et al., 1989a). To better 

understand the exact mechanisms of T cell involvement in the 

immunopathogenesis of IDDM, a panel of islet-reactive T ce Il hybridomas 

have been constructed from the pancreas of newly diabetic NOD mice and 

their cell surface markers and TCR Vp expression have been 

characterized. 

In this thesis the NOD mouse mode1 was used main1y for its 

resemblance with human diabetes. Several aspects of autoaggressive T 

ce Ils in autoimmune diabetes were studied though the construction of T 

celi hybridomas. Out of 119 hybridomas constructed, twelve were found to 

be islet-reactive (Figure 1) and aIl of them were CD3+CD4+ (Figure 3). 

This suggests that they most likely are derived from T-helper cells. 

Furthermore, a high percentage (39%) of the CD4+ hybridomas were islet­

reactive as demonstrated by analyzing the whole panel of hybridomas 

(Table 3). Moreover, these isiet-reactive T hybridomas appear to 

specifically recognize islet ceIIs in a MHC-restricted manner, since 

they only recognized NOD islet cells, or non-NOD islets in the presence 

of NOD APC's, but did not respond in the combined presence of non-NOD 

isiet celis and non-NOD APC's (Table IV). 
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As mentioned above, al1 the islet-cell-specific hybridomas 

expressed the CD3+ CD4+ ph~notype. This predominance of CD4+ cells is 

probably related to the assay used to detect responses (IL-2 secretion), 

since autoaggressive CDS+ T ce11s are a1so known ta be present in NOD 

islets (Appel et al .. 1988; Reich et al .. 1989a). These NOD islet-ce11-

specifie T hybridomas are remarkably similar to the SB rat-derived 

islet-cel1 specifie TH hybridomas previous1y described by Prud'homme et 

al. (1986, 1987). These ~esults are a1so similar to those of Haskins et 

al. (1989) who produced NOD islet-cell-specific TH cell clones from the 

spleen and lymph nades of diabetic mice. 

The percentage of CD3+ CD4+ hybrid5 which responded ta islet cells 

in our panel was remarkably high. i.e., 39%. This may have occurred 

because of preferentia1 activation of these T cel1s by ConA or more 

efficient fusion with mouse thymoma BW5147; however, we have no evidence 

that this i5 the case, We postulate that the high frequency of islet-

cel1-specific GD4+ hybrldomas reflects a high frequency of 

autoaggressive T ce11s in the Islets of new1y diabetic NOD mice. 

However, it i5 important ta note that the frequency of is1et-cel1-

reactive T-ce11 hybridomas varied widely from one fusion to another. lt 

is like1y that the number of autoaggressive T ce11s in islets f1uctuates 

rapidly during the disease. 

TCR V~ usage in ~OD mice has a1so been analyzed by several other 

groups with apparently conflicting results. Interesting1y, a previous 

report showed that the introduction of a transgenic class II molecule, 

I-E, protects NOD mice from insulitis (Nishimoto et al., 1987). It has 

also been documented (Kapp1er et al .. 1987; Bill et al., 1988; 
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Theofilopoulos et al .. 1989) that the expression of I·E results in 

intrathymic clonaI deletion of T cells expressing V~5. V~ll. V~12 and 

VfJ16 in some mouse strains .(a1so VfJ17 but NOD mice cannot express that 

VfJ segment at the gene level). However, I-E does not cause deletion of 

VfJS+ and V~ll+ T cells effectively ln NOD mice expressing I-E transgenes 

(Bbhme et al. 1990). NOD mice normally delete Vp3.1 only partially, 

presumably because theyare I·E-, since when NOD mice are crossed with 

I·E+ BlO.BR mice (H-2k, MIs·lb, MIs-2 b) complete deletion is observed in 

the Fl progeny (Theofilopoulos, et al., 1989). From the analysis of TeR 

VfJ deletions in crosses of NOD with other strains, NOD mice are believed 

to be MIs-lb, Mls-2a or MIs-3a (Mlsc). Reich et al. (1989a) report 

preferential usage of VfJ5 in their NOD islet-reactive clones. a finding 

which was initially thought ta be consistent with the view that I-E 

protects by inducing clonal deletion, but the hypothesls is refuted by 

the findings of Bohme et al (1990) in I·E+ transgenic mice. Lipes et al. 

(1989) reported insulitis in transgenic mice where almost aIl T ceIIs 

express V~8.2. and Bace1j et al. (1989) reported that the injection of 

anti·Vp8 prevents diabetes in cyclophosphamide-treated NOD mice. 

Analysis of our islet-reactive T hybridomas revea1s expression of 

several VfJ elements with no obvious dominant type. Out of 9 islet­

reactive hybrids typed only VfJ3 and Vp6 occur twice. However. this 

sample size is too smal1 to determine whether or not some VfJ e1ements 

will occur more frequently than others. Our findings with pancreas­

derived T hybridomas appear to be similar ta the findings of Hasklns et 

al. (1989) who observed ~xpression of several Vp elements in NOD islet· 

reactive clones obtained from lymph nodes and spleen. Furthermore, we 
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could not prevent IDDM by depleting V~6 or Vpll T cells in NOD mice 

(Prud'homme et al .. 1990). In the latter study, depletion of V~8 had a 

statistically significant effect (p < 0.02). but 48% of treated mice 

st~ll developed dl~betes. Thus. V~8 cells appear to represent only one 

component of the :slet-reactive T ce Il population. Taken together our 

results suggest that TCR V~ element usage is heterogeneous in NOD mice, 

unlike the situation observed in EAE. However. this view needs to be 

confirmed by studying greater numbers of islet-cell-reactive clones, 

particularly those that can be shown to be dlabetogenic. Moreover, we 

have not yet studied the TeR Va chain in these islet-specific T cell 

hybridomas and our approach appears ta reflect only the CD4+ component 

of the anti-islet T cell response. It should also be stressed that the 

study of T cell hybridomas provides information on the spectrum of 

islet-reactlve T cells, but does not indicate that these T cells are 

diabetogenic. lt is possible, as suggested by Acha-Orbea et al. (1989), 

that one or a few T cell clone(s) starts a chain reaction and that at a 

later stage the autoimmune cells no longer reflect the original 

autoaggressive T cell population. 

II. CONCLUSIONS 

From the results presented in this thesis a few conclusions can be 

made. Together with other published research works these results 

indicate that autoaggressive T cells are involved in the 

immunopathogenesis of lDDM, and they mlght be responsible for the 

initiation of ~ cell destruction which eventually leads to overt 

diahetes. These autoaggressive T cells recognlze islet antigens when 
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presented by self antigen presenting cells, i.e., the recognition of 

self-antigen is MHC restricted. TCR V~ usage by these autoaggressive T 

cells is not very restricted as compared to EAE. The reasons for this 

difference between auto immune IDDM in the NOD mouse and EAE remain 

unknown. Possibly, in NOD mice T cells are responding agalnst several 

islet cell antigens, or against multiple d~terminants on a large 

molecule. Alteratively, islet-cell-antigen recognition may not depend on 

TCR-V~ expression, but may be determined by other TCR elements (e.g., 

Va, .la, J~). 

The findings in this study lead us one step closer to the 

understanding of the immunopathogenesis of IDDM. Research of this nature 

would provide us with a frame in which to look for possible 

immunologieal interventions for IDDM. Hopefully that would lead to early 

diagnosis or treatments for IDDM. 
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