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ABTRACT 

BB rats spontaneously deve10p an insulin-dependent 

diabetes mel1itus strikingly similar to the syndrome observed 

in man. The disorder requires the presence of multiple 

suscep t ibi li ty gen es and unknown environmental factors. At 

least one susceptibility gene resides within the U. haplotype 

of the rat. major hü:tocompatibility complex (RTl). 

Restr ictio~ fragment length po lymorphism analys is of genomic 

DNA from rats generated from a series of intercrosses between 

diabetic BB rats and Buffalo rats (RTlb) demonstrated that 

animaIs heterozygous throughùu t the RTl deve10ped IDDM. A 

single dose of the high risk al1ele was thus shawn ta be 

sufficient for the development of IDDM if other susceptibility 

factors are present. RFLP ana Iysis of DNA from rats generated 

in three other breeding studies involving the cil and cl. 

recomb:inant haplotypes mapped the IDDM susceptibility genes 

between the RT1.A and RT1.C loci, the immune response region. 

As the U. regions of the various haplotypes used in these 

studies were not derived from the BB rat, the deve10pment of 

IODI'! in the progeny strongly suggested that the MHC 

requirement for IDDM is on1y for a "u" allele and not a 

particular or "diabetogenic" u allele. 

Analysis of the expression of MHC genes in isolated 

islets of age-matched BB and Wistar-Furth rats demonstrated 
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enhanced clsss 1 MHC gene expression in the islets l)f 

prediabetic BB rats. Immunohistochemical analysis confirnled 

that enhanced class l express ion was an ear ly even t du ring t. he 

pathogenesis of IDDM, and did not detect aberrant expression 

of class II antigen on beta cells. Investigation of the 

inducibility of class 1 and II MHC genes on the rat insulinoma 

celI l ine RIN5F by crude lymphokine preparations or 

recombinant gamma-interferon indicated that although both 

classes of genes l'lere inducibIe, the ir kinetics of induct lon 

are qu i te d ifferen t. In vitro nuclear transcript ions 

demonstrated that induction of the genes had a transcriptional 

basis. Although class II genes were induced by gamma

interferon, class II antigen l'las not detected by flow 

cytometric analysis. 
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RESUME 

L~::; raLs BB ,j~v~loppent spor,tanément un diab'ète insulino-

d~pondant ressemblant fort8ment le syndrome developpo( chez 

l'humain. La maladie requiert la presence de gene:::; de 

:::;usceptibilit'é multiples et des facteur.ô: enVlrl,nnementaux 

inC(lnnus. At.:: moins un des genes èe su:::;ceptibilit~ requis se 

trouve dans le haplotype u du cc-mplexe d'histoc:ompatlbilit~ 

majeur du rat (RTl). 

L'analyse du polymorphisme de:::; fragment.s de lc,ngeur de 

restricti.on du DNA g~nomlque provenant de rats d'une s12rie de 

croisements entre les rats BB di3.bétiqUf~S et les rats Bt.::ffalo 

• 
1 (RTlb) ont permis d ''établir gue 185 animaux hi?t~ro;::ygcltes: sur , 

toute la longueur du RTl d'Bvelopper,t le dL:tb2'te 

La pr~scn ce d'un seLll gène a hau t r1~;'::.JU t::' eE t r::hjnc 

s u f f ir; a Il t pou r r' e r met t rel 'a p par i t ion du dia b '3 te qua n d les 

<.iutrt::s facteurs de su:::ceptibiht'é :::ont -egalem.:;nt présents, 

1. - analyzo-? des RFLP du DNA i='l"OciUl t d,ln::.. :1")1:::; ;::i.utr~?s 1:tudes de 

cr,)isemcnt impUquant les hapl(ltypes recombinant ont permis de 

lü~~31iser les g~nes de 3usceptibi lit~ du IDDM €.'ntre les loci 

RTl Aet RTl C, la r~glül1 de la l~pc'nse 5mmu:1itaire, 

CL)mU1e les d?'gions u des dh'e:::'S haplotypes utilis~s dans 

ces ~tudes n'~taient pHS origin::lÎres du rat BB, lE' 

dé'veloppement du diab~te dans la prog'én iture sugg~re fortement 

qUè seule l'all~le u du MHC est requise et non pas un 311è'lE. u 



pr~ -.; is ou "d iabe tog(n iguo ... 

' .. ~ 
L ' l -'1 1 .,. .... t· ana y::e .... e e.:-:preSS10n gene~l'.,j~!e . 

( >< 
~ .' " 1 l .,' . du MH': .:U L 

provenant de rats BB et WF pa1l'~S pour l F'C l'm 1 •. 

J '''établll' ùl1E' exprt3ssiùn accrue des g~nes de (.' lass.: l du HHt' 

dans les ilots de rat BB pr~diabetiquec. Lan a l y ~.: 'o' 

l'expre;:;sion de la classe I est. un ·1 LI Il .• ! . .1 

aberrante des antlger.es dt, cla::::.ô.e IT ::::ur lr=-.: l':'o'lluh< I.~l.) 

cellule::.l"::; d ':in.;:ulinoma .:10 rat 

pr~parations de lymphokines ou d'lnterf"t:roll (,3rrtnn .J,o. 

b · . d' l / recorn InalS0rt, ln Igue que ma gre 

.... 
~nc.!uct.ibles, leurs nl'C?cani:llie:s d'lr.duclion 3unt ~ll"o,:.l~J~t-1I1' lIt 

diff~rents . 

Les t r 3lH, cri p t ion sni; c. l~ air 8 sin vit r l) un t J ç m, . n t r~ ~'j , -genes 1 ' i n duc ti 0 r. des Ü li '.' J '1' J'. a une 

.... 
genes de cJasse II les l ' . .'/ 

~ Jnter. cr"l induit~ pelf sont ;" 1 JlIIII~i , 

l'analyse de d~bit cytom~triqu.:' 
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PREFACE 

The work described in this thesis was carried out in the 

laboratory of Dr. Abraham Fuks (HcGill Cancer Centre). The 

aim of this work was to contribute tG our understanding of the 

molecular immunogenetics of insulin-dependent diabetes 

mellitus (IDDM). The spontaneously diabetic BB rat was our 

model system. We f')cused our attention first on the 

association of the syndrome to the ~ haplotype of the major 

histocollpatibility complex (HHC). We proceeded ta map the 

IODM susceptibility genes within the SB rat HHe in a series of 

breeding studies. These studies demonstrated that the 

susceptibility genes were located between RTl. A and RT1.C and 

that their contribution to IDDM was not functionally 

recessive. These studies a]so demonstrated th~t IDDH was not 

associated with mutant genes within the HHC and thus suggested 

that the associated haplotype predisposed the animal for a 

diabetic syndrome introduced by external mutations. 

At a second level of analysis, we investigated the 

expression of HHC genes in isolated islets from prediabetic BB 

rats and found that the first discernible modulation in MHe 

gene expression was an enhanced level of class 1 gene 

expression throughout the islets. Subsequent studies on the 

inducibility of "HC genes in the rat insulinoma cell line 

RIN5F using either crude lymphokine preparations or 

recombinant gamma-interferon showed that class 1 antigen 
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expression could be enhanced but class II antigen expression 

could not be induced on this cell line. Due to these 

findings, we have hypothesized that the leveis of class l 

antigen on a given cell might be a critical determinant in the 

immunogenicity of that cell and that exceedingly high levels 

of class l antigen on that cell might trigger or amplify the 

autoimmune recognition of that cell. Alternatively, high 

levels of class 1 expression might be directly cytocidal or 

inhibit the function of beta cells. 

The immunohistochemical analysis of pancreatic tissue was 

performed by Dr. Badia Issa-Chergui (a postdoctoral fellow in 

the laboratory of Dr. Thomas Seemayer) and the phenotypic 

analysis (RTl.A typing, total WBC counting and Bssay of ConA 

responsiveness) was performed in the laboratories of Drs. 

Ronald D. Guttmann and Eleanor Colle. Otherwise, the work 

described in this thesis was performed by the candidate. Ors. 

Issa-Chergui, Colle, Seemayer, Guttmann and Fuks are co

authors on the published papers that form the results section 

of this thesis. In accordance with the HcGill University 

guidelines for the preparation of a thesis, 1 have included, 

"as part of the thesis the text of an or iginal paper, or 

papers, suitable for submission to a learned journal for 

publication." l include the University policy on this form of 

thesis: 

"The candidate has the option, subject to the approval of 

the Department, of including as part of the thesis the text of 

12 
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an original paper, or papers, suitable for submission to 

learnea journals for publication. In this case the thesis 

must c:onform to aIl other requi rements exp lained in Guideliues 

CQncerni~ Thesis ereparation (available in the Thesis Office) 

and additional material (e.g. experimental data. details of 

equipment and experimental design) must be provided in 

sufficient detail to allow a clear and precise judgement of 

the importance and originality of the research reported. In 

any case, abstract, full introduction and conclusion must be 

included, and where more than one manuscript appears, 

connecting texts and common abstracts, introduction and 

conclusions are required. A mere collection of manuscripts is 

not acceptable, nor can reprints of published papers be 

accepted. 

While the inclusion of manuscripts co-authored by the 

candidate and others is not prohibited by McUill, the 

Candidate is warned to make an explicit statement on who 

contributed to such work and to what extent, and Supervisors 

and others will have to bear witness to the accuracy of such 

claims before the Oral Committee. It should be noted that the 

task of the External Examiner's is much more difficult in suah 

cases. " 
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CHAPTER ONE. 

GBN~RAL INTRODUCTION 
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A. THE MAJOR HISTOCOKPATIBILITY COMPLEX (KHC) 

1. General Definition. The identification of the major 

histocompatibility complex originated with the Hork of 

Landsteiner that established that the successful transfusion 

of b Iood between ind i viduals depended upon ma tching of .. b lood 

group antigens" (Strominger et aL, 1986; Paul, 1989). Garer 

provided addi tional evidence for this concept, identifying a 

group of genetically linked "histocompatibility" antigans that 

play a central role in determining the success or failure of 

tissue grafts (Garer, 1936). Subsequent ly, i t has become 

clear that these antigens have a more fundamental role in the 

integrity of the multicellular organism than the determination 

of histocompatibility. These antigens form the basis of the 

distinction between self and non-self via their participation 

in the jnteraction of the cells of the immune system amongst 

t hemse Ives and with the a ther ce ll~ of the organ ism 

(Strominger et al., 1ge5). Immunogeneticists and molecular 

biologists have defined a region of the genome, conserved 

among aIl mammalian species, that encodes these 

histocompatibility antigens. This major histocompatibility 

complex or HHC is referred to as H-2 in the mou se (located on 

chromosome 17), HLA in man (loca ted on chromosome 6) and RTl 

in the rat. The HHC occupies 1.5 centimorgans or roughly 3000 

16 



1 

1 

kilabases of ONA. The HHC is estimated ta encompass several 

hundred genes of varied function in addition to the genes that 

encode the histocompatibility or "transplantation" antigens 

(for a general review on the HHC see Klein, 1975). 

DP DN DO DO DR TNF a c E 

III 1 • 1 .. 1 1 11111 Il 1 1 1 
jttpa Il " papa 

"" p / "" 
aJS 

21 B,C4B,21 A,C4A,al,C2 

K2 K A ..L TH F -.IL L ---iL- Tla 

2 Il 1 IUIII 
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1 1 H Il 11111 ' 1111111111 .. 111111, 1 

ail 23;/ "" 
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MHC arc 
3-4cM Il 04cM Il 007cM Il 1-3cM 

3 
Glo-I Acry-I A Pa F 8 0 

• • '''"Ü.-Q-ttO 
E "dw-3 G C 

r--' r--l 
~""""----'L .1'" ---41.. .. :-: --

L. ______ ...J 

C4 L _______ J 

Heu-I 

FIGURE 1. The organization of the major histocompatibility 

complexes of man1, mouse2and rat3 (froID Todd et al. ~ 1988) 
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2. FtJnctions of the NHC antigens. Gorer and Snell first 

defined the MHe by grafting skin or tumors between inbred 

(genetically indistinguishable) and congenic (differing at a 

s ingl e chromosoma 1 region) mice (Gorer, 1936). It has since 

become evident that the complex plays various diverse roles in 

the homeostasis of the multicellular organisme In this 

thesis, 1 will restrict the focus of discussion to the 

immunologie functions of the MHe. 

The histocompatibility antigens are essential for the 

immune response to foreign antigens which are recognized 

immunologically in the context of the MHe antigens. The 

different classes of MHC antigens (to be discussed in depth 

later) restrict the ~ecognition of antigen by different 

classes of T lymphocytes (Katz et al., 1983). Cytotoxic T 

lymphocytes, that recogniz6 and kill (albeit with the aid of T 

helper cells) virally infected cells and allogeneic 

transplants are restricted by class l MHe antigens, while 

helper T cells recognize antigen in the context of class II 

MHe or the la antigens. Cytotoxic T cells recognize viral 

antigens that are expressed on the surface of the infected 

cell in the context of a olass l antigen (Zinkernagel and 

Doherty, 1974). A given cytotoxic T cell generated in 

response to a viral infection will not, however, kill an 

allogeneic cell expressing the same viral epitope (a 

18 
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phenomenon known as MHC res~rlcted killing). Helpe!' T cellE.' 

are slmllarly res~rlc~ed by the class II an~lgens A given T 

helper cell will recognize processea antlgen on an antlfen 

presentlng cell (e.g. a macrophage) only ln the contex~ of 

syngeneic class II antlgens. Moreover, a T helper cell can 

interact wlth B lymphocy~es ta s~lmula~e ~ne productIon Gf 

specifie immunoglobulln or can enhance the lmmune resp·)nse d:D 

situ by relei~s ing lymphokines a't a si te of i nf lamma t l()n 

These lymphokines can (among other effects) ampllfy the 

recognition of forelgn an~lgen by T lymphocy~es by 

upregulating the expreSSlon of MHC antigens, enhance the 

microblcldal aC~lvlty of macrophages, and can be dlrectlv 

cytocidal. In the case of both types of T 1 ymphocy'te, the 

(antIgen/MHC antlgen) complex i5 recognlzed Vla the T cell 

receptor for antigen. A thIrd class of T lymphocyte, the T 

suppressor cell, coun~eracts the posItlve effects of the 

macrophage, T helper and B celis on the specifie immune 

response to antigen. In thlS case, as weIl, the actIon of a 

given "prlmed" T suppre5sor cell 15 restrlcted bv the clôss 1] 

region of the inltially challenged anImal. The developlng T 

lymphocyte acquires the phenomenon of seJf-MHC restriction 

while in the thymus, where it presumably interactE 

functionally for the flrst tlme with MHC antlgen. The 

expreSSion of the T cell receptor for antigen lS lnltiated ln 

the thymus, and it i5 hypothesized that the phenomenon of 

restrIction results from the clonaI select10n wlthin the 
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thymùs (thymie education) of those deve~oping thymocytes that 

interact with a moleeular eomplex involving self-MHC. 

3. Polymorphism of the HHC. A particularly striking feature 

of many of the HHC antigens is their extreme polymorphism 

(Klein, 1975). It is thought that at least 50 alleles of the 

murine H-2 K and D antigens exist, and the beta chain genes of 

.. he immune response (class II) region are also highly 

polymorphie (Trowsdale et al., 1985). The allel ie forms are 

also highly divergent, differing in many cases by severai 

dozen amino acids. Interestingly, the degree of polymorphism 

of the genes of the MHC appear to correlate with the extent 

and nature of each gene's use in the funetioning of the immune 

( system. Thus, the H-2 K and D genes, that encode the MHC . 
antigens that function most frequently in the presentation of 

foreign antigen, are far more polymorphie than the numerous 

Qa/Tla elass l like genes. The meehanism by which 

polymorphism is generated appears to involve the intergenie 

exehange of sequence information with non-allelic class l or 

II genes (Weiss et al., 1983). There are severai arguments 

that favor gene conversion over saturation mutagenesis as the 

source of polymorphism in MHC genes. First, sequence analysis 

of ~ ~ elass l mutants reveal identity to non-ailelic 

genes (Nathenson, 1986). Second, Many nucieotide 

substitutions are silent mutations, arguing against a 

selective force as an explanation for the sequence similarity 
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of the new gene. Finally, very similar results are observed 

in the analysis of class II gene polymorphism (Karman et al., 

1985) . 

The extreme polymorphism of the genes of the HHC in face 

of the high degree of conservation of the complex in the 

animal kingdom hints at a role for polymorphism in the 

survival of the multicellular organism frOID the species point 

of view. In short, genetic variability at the MHC prot~cts 

against the possibility of a "perfeet" pathogen. Each allele 

at a given HHC locus is capable of presenting (and thus 

conferring resistanee) to multiple epitopes, but is unable to 

present others. Polymorphism thus provides the basis for the 

survival of the species in the absence of complete protection 

for the individual (van Rood et al., 1981). 

4. Classes of antigens encoded by the MHC. Alloantisera have 

defined two classes of MHC antigen that are involved in the 

immune response. Sequence analysis of the genes encoding 

these antigens has shawn that these antigens are part of the 

immunoglobulin gene superfamily (Strominger et al., 1986; 

Williams and Barclay, 1989). The Class l antigen is composed 

of a polymorphie heavy chain and a non-polymorphie light chaln 

(beta2-microglobulin) encoded on a distinct chromosume. The 

class l heavy chain is 45,000 daltons and beta2 microglobulin 

is 12,000 daltons (Krangel et al .• 1979). Class r antigens 

are further subdivided into the elassieal "transplantation" 
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antigens, that mediate graft rejection (or H-2 antigens) and 

the multiple Qa/Tla antigens. The two sets of class 1 antigen 

are related in amino acid sequence, but differ in their tissue 

distribution and function (Stanton and Boyse, 1979). The 

transplantation antigens are expressed ubiquitous'y (albeit in 

varying degrees) while the Qa/Tla antigens have a more 

restricted distribution and are less polymorphie (Flaherty, 

1985). Interestingly, the antigen encoded by the Q10 gene 

appears to encode a secreted class l antigen that may function 

in the promotion of tolerance (Maloy et al., 1984). The class 

l transplantation antigens are denoted K, D and L in the 

mouse, A, Band C in man, and A, C and E in the rat (Gill et 

al., 1987). The class l molecule eonsists of three globular 

alpha domains 90 amine acid residues in length with alpha 3 

forming the association with beta2-microglobulin. A short 

hydrophilie portion of the C-terminus of the heavy chain lies 

within the eytoplasm (30 residues) and a hydrophobie segment 

(40 residues) anehors the chain to the eell membrane. 

Alloantigenic sites are found on the first and second alpha 

doma ins (Oza to et al., 1985), and the molecu le has a twofold 

axis of symmetry (Bjorkman et al., 1987a+b). 

Class II antigens are eomposed of two distinct 

polypeptides (alpha and beta) that are both encoded within the 

MHC. The alpha chain is approximately 33,000 daltons and the 

beta chain approximately 29,000 daltons in size. The 

difference in molecular weight is mainly due to different 
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degrees of glycosylation. A third invariant chain is found in 

non-covalen t assoc iat ion wi th the cl 8SS II antigens. The 

alpha and beta chains are held together in non-covalent 

linkage, with the C-terminus of each 0hain lying within the 

cytoplasm. Each chain forms two globular extracellular 

domains stabilized by intrachain disulphide bonds (save the 

alpha-l domain). Both chains are glycosylated, although the 

beta chain contains most of the aIloantigenic sites (Jonos et 

al., 1978). AlI of the chains that make up the class II 

antigen (except for the invariant chain) are encoded in th~ 

immune response region. The class Il antige~s are denoted A 

and E in the mouse, OP, DQ and DR in man, and Band D in the 

rat. The class II antigens are expressed on the celIs of thn 

immune system (e.g. macrophages, B lymphocytes, activated T 

lymphocytes and dendritic cells) and function ln the 

restriction of immune recognition of antigen and the 

interaction of the celis of the immune system (Rosenthai and 

Shevach, 1973). 

As stated earlier, severai other genes are encoded wlthln 

the MHC includlng those denoted class III genss. These genea 

encode severai prote ins that funct ion in the camp lemert t 

cascade (Schneider et al., 1986). 
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CLASS 1 CLASS Il 

FIGURE 2. The class l and II MHC molecules (from Kaufman et 

al., 1984; Paul, 1989). 

FIGURE 3. Three dimensional structure of the human class l MHC 

Molecule HLA-A2 (from Bjorkman et al., 1987a). 



5. KHe genes. The structures and organizat ion of class land 

II HHC genes have been elucidated using cDNA clones isolated 

from 1ibraries using oligonuc1eatide probes synthesized based 

on amino acid sequence information (Ploegh et al., 1980; Kvist 

et al., 1981; Korman et al., 1982; Hengle-Gaw and McDevitt, 

1985) . The exon-intron organization of isolated murine class 

l genes is conserved. Horeover, as is the case w i th the 

immunoglobulin genes, the exon-intron organization correlates 

with the domains of the class l g1ycoproteins and contains the 

consensus splicing sequences GT/AG (Steinmetz et al., 1980). 

This exon-intron organization is also very similar in the 

human genomic clones (Auffray and Strominger, 1986). The 

transcriptional regulatory elements of the class l genes are 

typical of non-"house keeping" genes containing bath CAAT and 

TATA boxes, the Kozak sequence and polyadenylation sites. An 

in terferon respons ive transcript ional enhancer has been 

identified in the 5' sequence information (Shirayoshi et al., 

1989). Analysis of K and D genomic clones of various 

haplotypes has resu l ted in the identi f ication of a 11e1e-

specif i c nuc 1eotides in exons 4 and 8. and l ocus-specif i c 

nucleotides have been located in the 3' untranslated ragions 

of class l cDNAs (Malay, 1987; Kress et al .• 1983). 

Interesting1y, different loci from two hap10types can, in sorne 

instances, exhibi t more homology than two aIl e les of a locus. 

This is further evidence that gene convers ion mec han isms m ight 
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operate to generate polymorphism in c lass l genes (Klein and 

Figueroa, 1986; Paul, 1990). The nucleotide sequences of the 

Qa/Tla genes show strong homology to the genes encoding the 

transplantation antigens (approximately 80%) suggesting that 

these class I-like antigans might play a role an unknown role 

in immunity (Nathenson et al., 1981; Nathenson, 1986; Haloy, 

1987). Finally, class l genes appear to undergo alternative 

splicing at their 3' ends (relliniscent of immuncglobulin) 

resulting in class l products differing in size and sequence, 

and May result in the generation of related class l antigens 

with distinct functions (Lew et al .. 1987). 

There are estimated ta be 12 to 40 class l genes in 

mammals. Some of these genes are pseudogenes. and d ifferent 

class 1 genes May be expressed in different tissues. Although 

Most tissues express class l products, the comparison of the 

genetic structure of genomic ONA (by restriction fragment 

length polymorphism analysis and ONA sequencing) isolated from 

expressing and non-expressing (sperm) tissue from syngeneic 

sources has ind icated that rearrangemen t of the class l genes, 

unlike immunoglobulin genes, does not control gene expression 

(Ste inmetz et al., 1982). Some progress has been made in the 

identification and cloning of nuclear DNA binding factors that 

might contribute to the activation of class l gene expression 

(Shirayoshi et al., 1988). 

Single copy class l probes derived from cosmid libraries 

have been used in restriction fragment length Ilapping 
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experimen ts to define the order of the c Iass l genes (We iss et 

al., 1984; Carroll et al., 1987; Paul, 1990). Gene transfer 

experiments of murine cosmid clones into L cells followed by 

screening for the expression of known c lasB l antigens using 

monospeeific antibodies has identified the specifie genoDlic 

clones encoding the expressed class l antigens (Goodenaw et 

al., 1982; Auffray and Strominger, 1986; Paul, 1989). Simi lar 

experiments using human genomie clones provided the surprising 

find ing that human elass l heavy chains ean be effic iently 

expressed in th,? context of murine beta2-microglobul in. These 

stud ies also resu 1 ted in the iden t i fica t ion of four human 

class l genomic clones (Germain and Malissen, 1986). These 

. ' experlments have shown that a11 identified class l genes 

(inc luding pseudogenes) cluster wi thin the HHC. Furthermore, 

most of the class l genes in the rat and mouse cluster wi thin 

the RT1.C or Qa/Tla regions respectively (Winoto et al., 1983; 

Cortese Hassett et al., 1986; Gill et al., 1987). In keeping 

with the d ifferent degrees of polymorphism of the two subsets 

of class 1 antigens, the genes encoding the transplantatIon 

ant igens are far more polymorphie in RFLP ana lyses than the 

non-classical class l genes (Winoto et aL, 1983). Similar 

stud ies using MHC chromosome 108S mutants and pulsed field gel 

electrophoretic teohn iques have provided a deta i led molecu lar 

map of the human olass l genes (Lawrence et al., 1987; Pau], 

1989) . 

Several olass II genes have been isolated from rat, man 
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and Ilouse (Wallis et al., 1984 j Holawachuk, 1985; Robertson 

and HeM aster , 1985; Ecc les and McHaster, 1985; Okada et al., 

1985a+b; Spies et al., 1985; Auffray and Strominger, 1986; 

Paul, 1989). As is the case with Many of the other mellbers of 

the immunoglobulin gene superfamiIy, the class II gene exon

intron organ ization corre lates weIl wi th the domain structure 

of the c 1ass II an t igens (with some except ions) . The immune 

response region of the mouse appears ta reside in roughly 250 

kilobases of ONA isolated from a cosmid library (Flavell et 

al., 1985). Further loca1ization of the specific class II 

genes has been accomplished by Southern blot hybridization 

using either synthetie oligonucleotide or cONA probes (Paul, 

1989). Hengle-Gaw and HcOevitt have published a detailed 

review on the diversity and organization of the class II genes 

(Hengle -Gaw and HcOevi t t. 1985). In br ief, the c 1ass II genes 

appear to have a more limited degree of po1ymorphism than the 

class l set, suggesting that a significant 1eve1 of 

polymorphism need be present in the genes eneoding the T eelI 

receptor for antigen ta account for the exquisite1y specifie 

recognition of the multitude of antigens. 

Analysis of the 5' regulatory e1ements of class II genes 

has identified two consensus "boxes" (X and Y) that are found 

20 to 60 base pairs upstream of the TATA mot if (Auffray and 

Strominger, 1986; Benoist and Mathis; 1990). These conserved 

motifs are required for the tissue-specifie expression of 

c 1ass ! l genes as we 11 as their induct ion by lymphokines such 
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as gamma-interferon and interleukin-4. Indeed, Ea.~Phll 

transgenic mice bearing deletions in the Y box are unab le ta 

transcr ibe the E.lpha gene (Gerber et al., 1986), and 

mutagenesis of the conserved nueleotides of the X box results 

in markedly decreased transcription of aIl class Ir MHC genes 

studied ta date (Boss and Strominger, 1986; Sakurai and 

Straminger, 1988; Sherman et al., 1989; Koch et al., 1989; 

Bena ist and Ma this; 1990). Some of the c Iass II genes a Iso 

contain a CAAT box, but i t is d ispens ibie in many cases s ince 

the Y-box motif is an inverted CAAT box. Severai genes 

encading sequence-speeif ie DNA b inding prote ins tha t in teract 

with the canserved X- box (RF-X, hXBP-1 and 2) and Y-box (YB

l, NF-Ya and b) have been cloned, [Benoist and Mathis, 1990]. 

Gene transfer experiments involving class II genes altered by 

site-directed mutagenesis or bearing "shuffled" exons have 

been used ta define regions of the cl ass lIma le cu le invo 1 ved 

in heterodimer interaction and antigen presentation (Germain 

et al., 1985; Ezquerra et al., 1986; Cowan et al., 1987; 

Murray et al., 1988; Paul, 1989). 

6. Inducibilityof HHC Genes with ga .. _a-interferon. Gamma

interferon or immune interferon can enhance the expression of 

c lass l heavy and l ight ehains and has the un ique ab i 1 i t Y ta 

induee the lia ll.QY.Q. expression of class II genes (King and 

Jones, 1983; Collins et al., 1986; Rosa and Fellous, 1988; 

Beno ist and Ma this, 1990). This lymp hokine most 1 i ke ly 
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functions normally to enhance the expression of the MHC 

antigens with the "end" of facilitating recognition of foreign 

an t igen (Unanue, 1984). On the other hand, the lymphokine has 

also been impl icated in exacerba t ing or triggering abnorma1 

an t igen recogn i t ion processes suc h as al10graft rej ection • 

graft-versus-host disease and auto immune disorders (Bottazzo 

et al., 1983b; Pujol-Borrell et al., 1987; Fuks et al, 1988). 

For these reasons, considerable effort has been invested in 

the elucidation of the mo1ecular mechan isms underlying the 

ability of gamma-interferon to enhance MHC expression (King 

and Jones. 1983; Boss and Strominger, 1986 j Tsang et al .• 

1988; Shi rayosh i et al, 1989; Sherman et al.. 1989b; Beno ist 

and Mathis, 1990). These studies established that enhancement 

of MHC an t igen express ion involved increases in the leve ls of 

MHC transcripts. Mutagenesis of the proximal promo tors of 

class I and II MHC genes and sequence comparisons with the 5' 

termin i 0 f interferon - induc ib le genes has resu l ted in the 

localiza t ion of an in terferon response element in the case of 

class I MHC genes (Shirayoshi et al., 1989) and a core 

inducible enhancer (composed of the X and Y boxes) for class 

II HHC genes (Boss and Strominger. 1986; Sakurai and 

Strominger. 1988 j Benoist and Mathis; 1990) 

7. The rat "HC. The study of the rat HHC or RTl began in the 

late 19505 with the study of blood group antigens (Frenzl et 

al .• 1960; Brdicka et al., 1962). The transplantation 
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antigens were thus identified by serologie methods (Stark et 

al .• 1967; Hausman and Palm. 1973; Ohhashi et al., 1981). The 

class l and II loci were distinguished using naturally 

occurring rats bearing recombinant HHCs (Kunz and Gill, 1974; 

Kunz et al., 1977). Subsequently, many ather recombinant 

haplotypes have been derived through breeding that have 

further localized the gene order of the RTl. The current map 

of the RT 1 is shown in Figure 1 (see Gi Il et al., 1987 for a 

general review of the RTl). 

The class l antigens of the rat are heterodimers composed 

of a 45 kilodalton heavy chain and a 12 kilodalton light chain 

(beta2-microglobulin). The anatomy of the heavy chain is, as 

expected) very similar ta that of mouse and man, containing 3 

extracellu 1a1' domains, a transmembrane damain and an 

in t ra ce Il u la r t a il (B 1 an ken ho r net a!., 1978 ; S po r e r e raI . , 

1979) . A lloant igen i c sites are cl ustered in the fi rst two 

extracellu 1ar domains (alpha 1 and alpha 2). Alpha 3 is 

associated non-covalently wi th beta2-microglobulin. 

Sequential immunoprecipitation using monoclonal antibodies has 

ind i cated that a t least fou r class l an t igens are pr esen t in 

the rat MHC (Misra et al. 1 1982). A str iking feature of the 

rat olass l antigens is a relatively limited level of 

polymorphism when compared ta those of man or mause (Cramer et 

al., 1978). 

The existence of rat class II antigens was first 

demonstrated using a110antisera that inmunoprecipitated 35 and 
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28 kilodalton lIlolecules (Shinohar!:\ et al., 1977). Subsequent 

studies involving sequential immunoprecipitation and tryptic 

peptide mapping demonstrated that two distinct class II 

antigens (one similar to I-A and the other ta l -E) existed in 

the rat HHe (Shinohara et al., 1978; Shinohara et al., 1981). 

Honoclonal antibodies direct9d against rat class II antigens 

have confirmed in two-dimensional gel analyses that there are 

multiple class II alpha and bets. chain products encoded by the 

rat MHC (HcMaster and Wi lliams, 1979 j Fukumoto et al., 1982; 

Bayer and Reske, 1983; Natori et al., 1983; Goldner-Sauve et 

aL, 1983; Natori et al., 1985). Cross-reactivity with 

monoe lonal antibod ies against mouse l -A and 1 -E antigens 

demonstrated sign ificant antigenic homology between the rat 

and mouse and helped split the rat l region into the RTl.B and 

RT1.0 loci (Blankenhorn et al., 1983). Subsequent amine acid 

and cONA sequence information has confirmed a h igh degree of 

homology between the class II antigens of various species 

(Cecka et al., 1980; Robertson et al. J 1985; Wallis et al. J 

1934; Holowachuk. 1985). An invariant chain has also been 

identified in the rat (Wettstein et aL, 1981). 

As stated earlier, there is a high degree of homology 

between the MHC an tigens of various species and it is 

therefore not surprising that the HHC genes of man, mouse and 

rat cross-hybridize. Three groups have analyzed the genetic 

structure of the c lass l mul t igene family in the rat (Palmer 

et al., 1983; Gun ther et al., 1985; Cortese Hassett et al., 
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1986). They find that approximately 20% of the elass l itenes 

lIap ta the RT1.A locus while 80% map ta the RT1.C region. 

Cortese Hassett and colleagues have also mapped specifie 

restriction fragments that map to RTl.B/D, E, grc and the G/e 

regions. As is the case in both mause and man, there are many 

more class l genes (as detected by Southern blotting) than 

serologically defined class l antigens. This is most likely 

due ta 1) the exis tence of several pseudagenes and 2) the 

existence of elass l genes wi th restr icted expression. 

Indeed. the identification of secreted class l antigens (Halay 

et al .• 1984; Bjork et al., 1986) and the identification of 

several new funct ional c lass l genes upon transfection 

(Shimizu et al., 1987) argues that Many of the c lass l genes 

identified by Southern blotting or walking on an HHC cosmid 

l ibrary encode yet ta be iden tif ied c lass l ant igens. 

Rat class II genes (bath alpha and beta) exhibit a 

significant level of restriction fragment length palymorphism 

when prabed with either mou se or human locus-specifc probes 

(Sawicki et al., 1984; Palmer et aL, 1985). The organization 

of these genes appears to be RT 1. A/RT 1. B(beta, alpha) 

/RTl.D(alpha, beta)/RTl.EjC (Blankenhorn and Cramer, 1985). 

All four class II genes have been cloned and show extens ive 

homology to the ir counterpart genes in mouse and man (Wa Il is 

and McHaster, 1984; HcHaster and Wall i s, 1985; Ho l owachu k, 

1985; Ecc les and HcHaster, 1985; Rober tson and HeM aster 1 1985; 

Scholler et al., 1985). 
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8 M Disease association wi th alleles of the MHC. l t has been 

noted since the early 1970s that many diseases are associat~d 

with particular aIleles of the KHC (see KcDevitt and Bodmer, 

1974 for review). The majority of these diseases are 

autoimmune in nature but the significance of these 

associa t ions remain a mystery. Some hypotheses tha t have becn 

advanced to explain these associations are: l)inability of the 

antigen(s) of the associated a11ele to present an infectious 

agent, 2)aberrant or hyperexpression of the KHC antigen(s) 

resulting in presentation of autoantigen, 3)faulty selection 

of the T cell repertoire that develops due to the associated 

immune response genes, 4)antigenic similarity between an 

( infectious agent and an associated KHC antigen, and 5)an 

associated l'fHC antigen functioning directIy as the receptor 

for an infectious agent (Doherty and Zinkernagel, 1975; 

Benacerraf and HcDevi t t, 1972; Kagnoff etaI.. 1984; Kvist et 

al., 1978; Bottazzo et al., 1983b. In the cases where d isease 

is assoc ia ted wi th the HHC, the mode of d isease inher itance is 

usually polygenic. Often, the KHC is the only defined gene 

system that contributes to the expression of the disorder. 

For these reasons, the association of diseases to the MHC is 

of intense interest as it may elucidate pathogenetic 

mechanisms. 

{ 
.... 
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8. IHSULIH-DEPERDEHT DIABBTBS HBLLITUS. 

1. General description. Diabetes mell i tus is a heterogeneous 

syndrome characterized by hyperglycemia, polydipsia, polyuria, 

po lyphagia and mell i tur ia that has aff 1 icted man k ind sinc€' 

1500 B. C. 5% of the Western wor Id suffers f rom the synd rome, 

and severe long term comp 1 icat ions affecting mu 1 t ip le systems 

in the body make it the third leading cause of death (Notkins, 

19(9) . It :,c; now clear that the majority of cases of diabetes 

me lli tus can be c lassified as e i ther insul in -dependent 

diabetes mellitus (IDDM, juvenile onset or type 1 diabetes) or 

noninsulin-dependent diabetes me1litus (NIDDM, Ilaturity onset 

of the young "MODY" or type 2 diabetes). Insulin-dependent 

diabetes usually presents during or shortly after puberty and 

affects upwards ta 1% of North Americans. While immuno logic 

markers of imminent IODH (such as if:let-spec ific 

au toant ibodies) can precede clin ical on set, the progress ion 

from early signs to full-blown d isease is usually rapid. 

Several 1 ines of evidence, that wi 11 be tou c hed upon la ter. 

ind icate that 1 DOM resu 1 ts at 1 east in part from an auto immune 

pathogenesis. The pancreas of the newly diabetic or 

prediabet ic pat ient is char acte r ist ica lly in filtra ted by 

inflammatory cel1s, and diabetes mellitus results frolll the 

destruct ion of the insu 1 in -produc ing be ta ce Ils of the i s lets 

of Langerhans. IDDM susceptibi 1 i ty exh ibit s a fam i liaI 

pa t tern with approximate ly half of the gene tic pred i spos i t ion 
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resid ing within the immune response region of the HHC. Oaily 

insu I in inj ec t ions are abso lu tely necessary to preven t 

ketoacidosis and death. NIDDM, on the other hand, usually 

affl icts persons over the age of 40. ·Approximately 4% of the 

population is affected by NIDDM, and the majority of the 

patients are femaie. The clinical onset is usually chronic 

and the pa thogenes is is not auto immune . Although the disease 

is familial, the genetic susceptibility does not map into the 

HHe. Finally, insu lin treatment is not always necessary. A 

care fu 1 die t can often contro l the symptoms. 

2. Insulin-dependent diabetes in Ilan. The etio logy of IDDM is 

still unknown. It is hypothesized that multiple factors May 

trigger onset of IDOM in those susceptible to the disease, 

including: viral infection, stress, diet or immune system 

fluctuation in response to an infection at a non-pancreatic 

si te. Seasonal variat ion in the onset of IOOH points toward a 

role for viral infection in the pathogenesis of lOOK (Christau 

et al., 1977). In part icular, high ti ters of an tibody against 

Coxsackie 8-4 virus arE' detected in recent onset diabetics, 

and the seasonal peaks of new cases of IDDM correlate with 

those for Coxsackie virus infection (GambIe et al., 1969). 

Indeed, Coxsackie 8-4 virus has been cultured from the 

pancreas of a ehild that died of acute IDDH, and the virus was 

able to induee IDDM in labora tory an imals (Yoon et al., 1979). 

The population with IDDM is also highly enriched in patients 
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with congenital rubella (20%) and encephalomyocarditis (12%) 

and infect ion of labora tory an imals with the rube lIa v i rus 

results in pancreatic abnormalities (Henser et al., 1978; Yoon 

et al. 1 1977). F inally. Epste in-Bar r, var i celI a z0ste r , 

cytomegalovirus, polio and influenza virus infections have aIl 

been assaciated with an increased incidence of IDDH (Raytidld 

and Yoon, 1981; Jenson et al.. 1980). 

Before the d iscovery of insul in, the syndrome a lways 

resulted in ketoacidosis and death. Insulin injections now 

control ketoacidosis and permit a relatively normal life. The 

injections do not, however, prevent the debililating long term 

compl ications such a~1· increased inc idence of myocard ia 1 

infarction 1 renal failure, diabetic neuropa thy and bl indness, 

and propensity to deuelop gangrena, that make the syndrome the 

third lead ing cause of d eath (Ross in i and Chick, 1980). The 

insulin pump, that automatically administers insulin in 

response to changes in blood sugar, has also failed ta prevent 

long term complications fram arlsing. There is still no 

treatment to prevent the onset of IDDH, and the current 

methods that have successfully resul ted in remissions in 

an ima1 mode ls (suc h as inj ect i on of the immunosuppress ive 

cyclosporine) are still highly controversial as therapeutic 

measures in man (Cahi 11 and HcDevl t t, 1981; Rubenste in, 1988). 

3. Genetics of susceptibi 1ity and resistance ta IDDK in lIan. 

Epidemio logic stud ies clear ly ind ica te t.ha t suscept. ibi 1 i ty and 
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resistance to IODK are heritable conditions (Rimoin and 

Rotter, 1984). Indeed, nearly one-tenth of children having 

one diabetic parent and one-quarter of children having two 

diabetic parents will eventually present with the disease 

(Soeldner, 1982). Yet, it is unclear by what mode 

susceptibility is transmitted. There is only a fifty to 

seventy (70% when the twins are of the HLA-OR3jOR4 haplotype) 

percent concordance for lOOM in studies of monozygotic twins 

suscept ible to the syndrome (Barnet t et al., 1981). 

The maj or i ty of the evidence suggests that severai genes 

probably define susceptibility and resistance to lOOK (Rotter, 

1981). These genes can be divided into those that reside 

within the major histocompatibility complex and those that do 

not. Several non-HLA markers, including the Kidd blood group 

antigen, have been associated with susceptibility to lDOM 

(Hodge et al., 1981; Bertrams, 1982). 

Genes within the MHe, however, have recei\ed the bulk of 

attention from d~abetologists and immunologists. The reasons 

for this attention are: l)the genes within the HLA are 

estima ted to con tro 1 50% of the susceptib il ity (eas i ly the 

most c] ear l y defined mar ker for t.he d isease), 2 )access to a 

vast library of immunologie and genetic probes for the HLA 

region, and 3)the correlation between the central raIe of the 

HHC in the immune system and the autoimmune component of IOOH. 

The association of genetic susceptibility of lOOK ta the 

MHC (HLA B8 and B15) was first described fifteen years ago 
< 

r 
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(Cudworth and Woodrow, 1975). Subsequently, with the advent 

of more precise immunologie probes, the disease association 

was mapped to the HLA-D or immune response region (Platz et 

al., 1981; Cudworth and Wolf, 1982). Indeed, greater than 95% 

of insulin-dependent diabeties bear the HLA-DR3 and/or HLA-DR4 

haplotypes (Rot ter et al., 1983; Wolf et al., 1983) Up to 3% 

of HLA-DR3/DR4 individuals will develop the disease, and 25% 

of HLA-identieal siblings of diabetics will eventually 

contract the disease (Rotter et al., 1983; Gorsuch el al., 

1982). Host recently, the HLA-O region association of IODH 

has been mapped using restriction fragment length polymorphism 

(RFLP) ana1ysis and oligonucleotide probing of polymerase 

chain reaction (PCR) amplified patient ONA. RFLP analysis 

first showed that IDDH was more elos'91y associated wi th HLA

DQbata. than HLA-DR, and most recently, the oligonueleotide/PCR 

analysis has identified a serine residue at position 57 of 

HLA-DQ beta a11e1e that is enr iehed in insu lin -dependen t 

d iabet ies, and when subst i tuted with asparagine resu 1 ts in 

resistance to IDDM (Owerbaeh et al., 1983; Tûdd et al., 1988). 

The serine at position 57 is also found in the normal 

popu la t ion. Todd and coworkers specu la te tha t pos it ion 57 0 f 

HLA-DQ beta is a cr it ica1 res idue in one of severa 1 

susceptibility genes encoded in the HLA-D region. Site

directed mutagenesis of the HLA-DQ beta chain 3.2 allele has 

a1so al10wed the identification of amino acid position 45 as a 

critica1 determinant that distinguishes the HLA-DG beta chain 
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3.2 and 3.1 alleles (Kwok et al., 1989). 

Although the correlation between non-aspartate at 

position 57 of HLA-DQ beta and IDDM is convincing among DR4 

and DR2 Caucasians, it does not hold for DR7 Caucasians. In 

addition, the DRw9 haplotype encodes an aspartic acid at 

position 57 and is positively associated with IDDM in the 

Japanese (Awata et al., 1989; Ikegami et al., 1989; Sheehyet 

al., 1989). 

In summary, IDDM exhibits a familial inheritance 

invoiving severai predisposing genes. Some of these genes 

(one likely involving HLA-DQ beta position 57 in DR4 and DR2 

individuals) are found within or in linkage disequilibrium 

with the MHC. These genes are estimated to determine half of 

the genetic predisposition to IDDH. The susceptibility 

gene(s) within the HLA-D region can act in a co-dominant 

fashion as is demonstrated by the excess of DR3/DR4 

heterozygotes and direct analysis using the 

oligonucleotide/PCR technique. Other non-HLA genes (one 

closely linked to the Kidd blood group antigen on chromosome 

2) are aiso involved in disease susceptibility. Clearly, the 

lack of complete concordance for disease in monozygotjc twins 

implic~tes epigenetic factors in the pathogenesis of IDDM. 

Epidemiologie analysis and the work of Yoon and Notkins 

provide a strong argument that viral infection (with Coxsackie 

8-4 virus as the prime candidate) May in many cases represent 

a precipitating event (Yoon et al., 1979). 
-
i 
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4. Histopathology of the diabetic pmlcreas. Von Meyenburg, 

nearly 5 decades ago, first described the infiltration of the 

islets of Langerhans by inflammatory mononuclear cells that he 

observed in autopsies of patients that had died of acute IDDM 

(Von Heyenburg, 1940). Subsequent studies have confirmed his 

observations but have shown that insulitis is often a 

transient phenomenon that is not always observed at the time 

of clinioal presentation (Gepts, 1965; Junker et al., 1977; 

Bottazzo et al., 1983; Doniach and Morgan, 1973). Insulitis, 

when it is present, appears to be composed mainly of 

cytotoxio/suppressor cells with some T-helper cells (Bottazzo 

et al., 1983). By the time the patient is symptomatic, 

greater than 90% of the beta ce11s have been destroyed, while 

the other cells of the islet (e.g. alpha, delta) remain 

untouched (Gepts, 1980; Rahier et al., 1983). Both insulitis 

and beta cell destruction appear to initiate at localized 

regions of the pancreas with subsequent spread. Clinical IDDH 

presents when enough beta cells have been destroyed to obviate 

effective glucose homeostasis. 

5. Humoral autoi .. unity precedes lDDK. Bottazzo first 

described the presence of antibodies directed against islet 

cells in the sera of patients with IDDH (Bottazzo et al., 

1974). Subsequently, it has become clear that three different 

classes of islet cell antibodies exist. Antibodies directed 
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against the ~ surface Q( islets are present in the sera of 

the majority of cases of newly diagnosed IDDM (Lernmark et 

al., 1980). These antibodies disappear relatively quickly 

after the onset of IDDM with only one-quarter of diabetics 

harboring these antibodies two years after onset (Dobersen et 

al., 1980). On the other hand, these antibodies (taken from 

several discordant twins of insulin-dependent diabetics) have 

been detected several years before clinical presentation, and 

have been reported to immunoprecipitate a 64-kilodalton islet 

cell surface protein (Baekkeskov et al., 1982). These 

antibodies have also been reported to block insulin secretion, 

and have thus been implicated in two different pathways that 

might contribute to the pathogenesis of IDDM (Herold et al., 

1984). 

Antibodies against the islet ~ cytoplasm have also 

been detected in the majority of new cases of IDDM (Del Prete 

et al., 1977; Lendrum et al., 1976; Bottazzo et al., 1980). 

These antibodies are rarely found in the normal population or 

in patients with autoimmunity against other endocrine organs 

(Irvine et al., 1977). These antibodies also disappear 

relatively quickly after clinical onset, but have been found 

to precede the onset of IDDM by as Many as eight years (Irvine 

et al., 1980; Srikanta et al., 1983). Finally, ~totoxic 

antibodies directed against islet cells have been demonstrated 

in the sera of newly diabetic patients using complement-

dependent cytotoxicity assays (Chandy et al., 1984; Idahl et 
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al., 1980; Huang and Maclaren, 1976). It has been 

hypothes ized that these an t ibod ies might funct ion in a natural 

killer cell mediated destruction of islet cells (Pozzilli and 

DiMario, 1984). 

In summary, it has been doeumented that a humoral 

response against the islet cells precedes IDDM in an 

impress ive ly large number of cases stud ied . l t is, however. 

unproven that this humoral response plays any direct role in 

the pathogenesis of lDDK. Indeed, a humoral response against 

islet cells does occasionally oceur in normal individuals that 

never go on to deve lop l DDM (Spencer etaI., 1984), and the 

long latency period between the first appearance of islet cell 

antibodies and clinical presentation argues against a "single

hit" role for the antibodies in disease pathogenesis. On the 

other hand, it appears unlikely that the humoral response is 

simply a consequence of some other primary lesion. The 

phenomenon oeeurs too early in the scheme of things, and long 

before insulitis. Perhaps the presence of a baseline level of 

humoral autoimmunity renders the individua! susceptible ta a 

second hit that might not normally result in disease 

pathogenesis. 

6. Cell Ilediated auto ÏllIlun it y in IODK. Many of the studies on 

possible abnormalities in the number and function of 

lymphocyte subsets in IDDM have been contradiclory due to 

differences in experimental protocols and variability in the 
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clinical status of the patients studied. For example, it is 

still a matter of debate whether a state of T Iymphopenia 

exists in either the prediabetic or newly diabetic patient 

(Pozzi! i etaI., 1983; Buschard et al., 1983; Se lam et al., 

1979; Cattaneo et al., 1976). In addition, data on the 

variation in the relative numbers of T lymphocyte subsets in 

diabetics are contradictory (Lernmark, 1984; Horita et al., 

1982) . 

Certain findings, however, have become generally 

accepted. Helper/indueer (OKT4, Leu 3A) cell numbers are not 

changed in diabetics. 1a+ T celis and B lymphocytes are found 

to be elevated, indicating a "sensitized" cellular immune 

system (Jackson et al., 1982; Bersani et al., 1981). Numerous 

( studies indicate that ;:;uppressor T cell activity is impaired 

in diabeties, and this appears to be controlled by genes at or 

near HLA-DR as non-diabetie HLA-DR3/and or 4 share this 

feature (Buschard et al., 1980; Fairchild et al., 1982; 

Lederman et al., 1981; Gupta et al., 1982; Ambinder et al., 

1982) . F inally, lymphocytes from d iabet ics are defect ive in 

the autologous mixed lymphocyte reaction, and this l ikely 

results from an impaired ability to synthesize interleukin-2 

(Gupta et al. 1983; Chandy et al., 1984). Taken together, i t 

is elear that the cellular immune system of diabeties is 

abnormal both pr ior to and a t the time of onset of IDDH. As 

is the case wi th the observed abnormal i t i.es in humoral 

immunity, the critical question is what role the abnormalities 

i .. 
44 



" 

in cellular immunity play in disease pathogenesis. Five sets 

of experimental data provide a strong argument for a critieal 

role for cel1 mediated immunity in disease pathogenesis in 

man. First, computerized positron emission scanning of 

indium111 labeled peripheral blood lymphocytes reinjected into 

diabetic patients demonstrate that many of the lymphocytes 

"home" to the pancreas (Kaldany et al., 1982). Second, there 

has been one report that peripheral blood lymphocytes from an 

acutely diabetic patient can induce diabetes in nude mice 

(Buschard et al.. 1978). Third, per ipheral b 1 aod lymphocytes 

from diabetic children have been shown ta kil1 human 

insulinoma cells (Huang and Maclaren. 1976). Fourth, 

pancreatic transplants between diabetic twins results in rapid 

insulitis in the grafted tissue and rapid destruction of the 

transplanted beta cells (Sutherland et al., 1984). Finally, 

the immunosuppressive drug cyelosporine has been shown ta 

prevent the progression of IDDM when administered at an early 

stage (St i 11er et al., 1984). Taken together, these stud ies 

provide eompelling evidence for a direct role for cell 

mediated immunity in the pathogenesis of IDDH in man. 

7. The nonobese diabetic Douse. Spontaneity of disease onset 

is obviously an important feature of IDDM in man. The NOD 

mouse develops a spontaneous form of diabetes that involves a 

elassic insulitis (Makino et al., 1980). The murine syndrome 
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shares several features with human IDDM including: association 

with a particular haplotype of the MHC, profound cellular 

immune abnormal i t ies, and the presence of is let ce Il 

antibodies preceding clinical presentation (Katooka et al., 

1983). The islets are infiltrated primarily by activated T 

lymphocytes at the time of overt diabetes, and blockade of the 

cellular arm of the immune system by total body irradiation, 

anti-lymphocyte sera or immunosuppressive drugs prevents 

d iabetes. Disease can be transferred passively to normal 

syngeneic mice with injections of peripheral blood lymphocytes 

or bone marrow (Katooka et al., 1983). The genetics of 

susceptibility appear to be similar to that in man in that 

several genes and environmental factors are thought to be 

required for express10n of the syndrome. There is, however, a 

preponderance of females that succumb to the disease. The HHC 

of the NOD mause is unusual in that i t is a recombinant MHC 

(H-2KdjH-2Db) and does not encode a functional l-E Molecule 

(Hattori, 1986). lt is also unusual in that it bears the only 

1 -A beta chain having a serine at posi tion 57 (Todd et al., 

1988). This supports the hypothesis that this residue is a 

critical susceptibility determinant in man. The 

identification of severai recombinant haplotypes derived from 

the NOD and CTS or 1CR mice will allow the mapping and in vivo 

assay of lDDK susceptibility determinant(s) within the NOD 

mouse KHC (lkegami et al., 1989), 

Association of susceptibility to 1DDH with a particular 
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variable region segment of the beta chain of the T cell 

receptor was assessed by generating an NOD transgenie mouse 

earrying a rearranged T cell receptor beta ehain gene cloned 

from an ovalbumin reaetive T cell (Lipes et al., 1989). The 

transgene suppressed the utilization of the remaining V beta 

segments via allelie exclusion, but did not prevent the 

development of insulitis. 

8. The Bio-Breeding Rat. The diseovery, sixteen years ago, of 

a Wistar-derived rat that developed a spontaneous IDDH 

remarkably similar to the human syndrome caused great 

exeitement among diabetologists and immunologists (Chappel and 

Chappe!, 1983; Rossini et al., 1985; Fuks et al., 1988; 

Castano and Eisenbarth, 1990). Various sublines of the 

original BB/Ottawa line now exist, including diabetes 

resistant lines (BB/W or BB/N) and high incidence (BB/Hooded) 

or inbred lines. In the absence of exogenous insulin, the 

blood glucose levels in the BB rat rise to 500 mg/dl and the 

animaIs become severely ketoacidotic and die within a short 

per iod of time (Nakhooda et al., 1978; Mar l iss et al, 1982). 

Disease usally strikes during a .. zone of onset"', between 60 

and 100 days of age, and afflicts between la and 75% of the 

animaIs depending upon the line and particular litter (Rossinl 

et al., 1985). The syndrome occu rs wi t hou t a sexua 1 b ias and 

is not aceompanied by obesity. 
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The fact that not aIl BB rats become diabetic suggests 

that environmental factors play an important role in disease 

pathogenesis. Surprisingly, there i5 no evidence in the BB 

rat model for a role for viral infection in disease 

pathogenesis. BB rats raised in gnotobiotic conditions still 

succumb to IDDM, and there are no viral particles evident in 

the islets of newly diabetic BB rats (Rossini et al., 1979; 

Rossini et al., 1985). These studies do not rule out a 

possible raIe for vertically transmitted viruses. It is clear 

that more work needs to be done in this important area. 

Diets containing high levels of carbohydrate or fat do 

not seem to have an effect on the incidence of IDDH in the BB 

rat (Rossini et al., 1981). Diets high in protein, however, 

have been shown to increase the incidence of IDDH (Scott et 

al., 1987; Elliot and Martin, 1984). Diets in which casein i5 

the only source of prote in dramatically reduce the incidence 

of IDDH (Scott et al., 1985). Diet appears to influence the 

incidence of IDDM most profoundly just prior to or during 

weaning (Daneman et al., 1987; Issa-Chergui et al., 1988). 

19. Genetics of susceptibility and resistance in the BB rat. 

Breeding studies involving the BB rat and non-susceptible 

strains of rats indicate that multiple genes define 

susceptibility for IDDM in the BB rat (Guttmann et al., 1983). 

Genetic susceptibility is transmitted in a functionally 

recessive manner, suggestlng that some of the susceptibility 
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genes need to be present in duplicate for disease expression. 

The exception to this rule involved a Fl mating between the BB 

and Buffalo rat. This cross generated tue only Fl animaIs 

that developed IDDM and suggested that the Buffalo rat also 

harbors a susceptibility gene. The value of the BB rat as a 

genetic model of IDDM became more obvious with the finding 

that diabetes absolutely required at least one chromosome 

bearing ~ ~ haplotype of the rat MHC (Colle et al, 1981; 

Naji et aL, 1981; Jackson et aL, 1984). Gene(s) within the 

MHC were thus shawn ta be necessary but not sufficient to 

define susceptibility ta IDDM. Two other independently 

segregating genetic loci have also been shown ta be involved 

in genetic predisposition. One of these loci contro]s the 

profound ~ lymphocytopenia that is characteristic of the BB 

rat, and the other controls infiltrat~ Qi ~ QaDcrea~ ~ 

lymphocytes (Guttmann et al., 1983). It is thought that these 

separate susceptibility genes and unknown environmental 

stimuli contribute ta the eventual onset of IDOM. These three 

putative loci have now been separately placed on an ACI rat 

genetic background ta generate animaIs congenic at these loci 

(R.D. Guttmann, personal communication). It lS hoped that 

these animaIs will faoilitate the identification of the non

MHC genes involved in genetic predisposition. 

Some work has been done ta elucidate the significance of 

the association of [DOM in the BB rat to the l.1. haplotype. Tt 

was hypothesized that the BB rat l.1. haplotype might bear a 
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unique IDDM-susceptibility gene (polymorphism) not found in 

other ~ haplotypes found in non-IDDM prone animaIs. Indeed, 

the mating of the BB rat with the non-diabetes prone WF rat 

(bearing a seroidentical a haplotype) did not result in any 

diabetic progeny in the Fl (Colle et al., 1986). One group 

reported I-Aalpha RFLPs that distinguished the MHCs of 

diabetes-prone animaIs from diabetes-resistant BB/N animaIs 

(Buse el al., 1984; Buse et al., 1985). It has since become 

clear that these RFLPs do not represent a "diabetogenic" 

variant of the ~ haplotype, as th~ BB/N strain has been shown 

to be contaminated with MHC sequences from the ACI and another 

unknown rat (Buse et al., 1985). Analysis of the class II 

polypeptides of the BB and WF rats, by two-dimensional gel 

electrophoresis and mapping of tryptie peptides, failed to 

show any differences between the two proteins (A. J. Goldner-

Sauve, McGi11 University Ph.D. thesis, 1986). Furthermore, 

various immunologie assays for a unique polymorphism in the BB 

rat RT1 u haplotype have failed to indicate such a polymorphism 

(Goldner-Sauve et al., 1985). Specifically, congenic animaIs 

bearing either the BB or WF rat ~ haplotypes are non-

~d~ponsive in mixed lymphocyte cultures and tolerate cardiac 

grafts between each other (R.D. Guttmann, personal 

commun icat ion) . 

Chapters 2-4 of this thesis will detail our analysis of 

the association of IDDM in the BB rat with the a haplotype of 

the MHC. 
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10. Hadulation of "HC gene expression in the prediabetic and 

newly diabetic pancreas. Sites of inflammation, including the 

diabetic pancreas, often have increased levels of HHC antigen 

expression. This phenomenon has prompted the hypothesis that 

aberrant expression of these molecules might precede organ 

Rpecific autoimmunity, and might in fact trigger the 

autoimanune respol '1e by presenting autoantigen ta the immune 

system (Hanafusa et al., 1983; Bot tazzo et al., 1983b). l t 

has been suggested that aberrant expression of HHC antigens 

might be triggered by localized production of lymphokines in 

response to viral infection. Tc test whether this scenario 

occurs in the diabetic pancreas, two issues need ta be 

resolved. First, the temporal order of modulation in HHC gane 

expression needs to be defined in relation to other known 

parameters that precede the onset of IDDM. Second, the 

inducibility of MHC moiecules by cytokines needs to be 

investigated in. vitro on the target cell type, the beta cel]. 

The endocrine celIs of the pancreas normally express low 

leveis of class 1 antigen and do not express class II antjgens 

(Faustman et al., 1980). The pancreata of reeent onset 

insulin-dependent diabetics are reported ta exhibit enhanced 

levels of class l HHC antigen expression and aberrant 

expression of class II MHC molecules (Bottazzo et al., 1985; 

Foulis and Farquharson, 1986; Foulis et al., 1987) These 

studies clajm that aberrant elass II expression oceurs on the 
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islet beta cells, prior ta insulitis. In the BB rat, one 

group reports that class II antigen expression on the vascular 

epithelium precedes diabetes and insulitis, while ~ nQYQ 

class II expression is not observed on beta cells until there 

i8 a full-blown insulitis (Dean et al., 1985). In our 

laboratory, we have never observed a class II positive beta 

cel1 in prediabetic or newIy diabetic BB rats (see Chapter 5). 

The work of Pipeleers and coworkers (1987) might explain these 

discrepancies. Their. data suggest that la-positive, insuIin

positive cells are mononuclear cells that have phagocytosed 

debris from ongoing beta-cell destruction. In fact, these 

cells are present in the normal pancreas of diabetes-resistant 

animaIs. They, therefore, suggest that further studies using 

additional markers are necessary to definitively state whether 

or not beta cells express class II molecules prior to or 

during the course of IDDM. 

A recent report analyzing the temporal order of events 

preceding IDDM suggests that the first abnormality seen in BB 

rats is the hyperexpression of class 1 MHC antigens throughout 

the pancreatic islets (Bone et al., 1990). The enhanced class 

l MHe expression was followed by accumulation of ED1+ 

macrophages, and finally by lymphocytic infiltration. 

Aberrant class II MHC expression w~s never observed on 

endocrine cells. 

Chapter 5 of this thesis will detail our analysis of MHe 

gene expression in the pancreata of prediabetic and newly 
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diabetic BB rats and age-matched \!IF contraIs. 

In. vitro studies on the indueibility of MHC antigen 

expression on isolated islets or rat insulinoma cells (RINm5F) 

have also been contradictory. Some workers have been able ta 

induee elass II antigen expression on isolated islets llsing 

gamma-interferon (Markmann et al., 1987; Walker et al , 1986, 

Wright et al., 1987), while others have not (Campbell et al., 

1985; Campbell et al., 1986; Pujol-8arrell et al .• 1986). 

Others have reported tha t e lass II induct ion can be ac he i ved 

using bath tumor necrosis factor and gamma-interferon (Pujol' 

Borre Il et al., 1986). When rat insu l inoma eell sare u sed as 

beta cell analogs, the results are once again contradictory. 

Some workers cannat induce c lass II an t igen expre S5 ion us ing 

either erude lymphokine preparations (from conA stimulated 

splenocytes) or gamma-in terferan (wi th doses as h igh as 1000 

unUs/ml culture fluid), [Campbell et al., 1986]. Others 

report that they can indues class II antigen expression on a 

m inor popu lat ion of thes e same ce 11s us ing doses 0 f gamma

interferon as low as 10 units/ml (vanVliet et al., 1987). 

Chaptel' 6 of thesis will detail our analysis of the 

molecular biology of gamma-interferon and crude lymphokine 

med ia ted indue t ion of MHC gene expression on RINmSF (RI N 5F) 

cells. 

11. Transgenic Ilodels of targeted (aberrant) "HC gene 

expression. Several tJ.'ansgen ic mouse l ines have been 
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generated that ei ther aberrantly express class II molecules or 

expre~~s enhanced levels of class l antigen on is let beta cells 

(AIl ison et al., 1988 j Sarvetn ick et al., 1988 j Bohme et al. , 

1989). Many of these mice spontaneously develop an insulin-

dependent d iabetes that resu 1 ts from beta ceU d estruct ion. 

It is now clear, however, that the beta ce11 destruction is 

not immune-media ted, as there is no insu 1 i t is and no rej eet ion 

of transplanted islets. Overproduction of MHC class l or II 

molecu les appears to be direct ly cytoc idal to the beta ceUs. 

Sarvetn iek and coworkers also produced a transgen ic mou se l ine 

in which the beta cells produce gamma-interferon. These mice 

also develop an IDDM, preceded by an intense insu litis . 

Transplanted islets are destroyed in this model. HHC class l 

molecu les are overexpressed in the islets of these mice but 

HHC c lass II molecu les remain undetectable. 

12. Histopathology of the pancreas in diabetic and prediabetic 

88 rats. IDDH in the BB rat results from the destruct ion of 

the pancreatic beta cells. The other cells of the islet (A, D 

and PP) are also decreased in the BB rat (Seemayer et al., 

1982) . Insu 1 i tis is a standard fea ture of IDDM in the BB rat 

(Nakhooda et al., 1977; Seemayer et al., 1982) and also oeeurs 

with significant frequency in normoglycemic BB rats and in 

some rats t ha t have been undergo ing insul in trea tment for a 

prolonged period of time. Infiltration by mononuclear ceUs 

is no t restr icted ta the islets, as aggrega tes of inf il trat ing 

1 
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cells are observed around ductules and acinar tissues. 

Insulitis precedes overt diabetes by as long as ten days 

(Logothetopoulos et al., 1984). The cellular infiltrate 1S 

composed primarily of activated T lymphocytes with few if any 

B lymphocytes (Like et al., 1982). Both helper- indueer 

(QX19+, \1/3/25+) and cyto toxic - suppre ssor ce Ils (OX19+. OX8+) 

are present in the infiltrate. The number of macrophages and 

natural ki 11er ce Ils present in the pancreas is a Iso reported 

to increase prior to IDDM (Bot tazzo et al., 1985). 

Occas ionally, a high percentage of eosinophi ls are found in 

the inf il tra te, and mirrored by an increase in the numbers of 

peripheral blood eosinophils (Like et al.. 1979; PrLlwse et 

al., 1986; EIder and Maclaren, 1983; Kurner et al., 1986). It 

has been hypothesized that the eosinophils might contribute ta 

beta-celI damage via an antibody-mediated hypersensitivity 

react ion (Prowse et al., 1986). 

13. lIu.oral illmun i ty in the BB rat. Islet cell surface and 

complement fixing antibodies are detectable in mast BB rats 

between 40 and 100 days of age (Dyrberg et al., 1983; Dyrberg 

et al., 1984). Their presence precedes the onset of d iabetes 

and insulitis, and correlates with the incidence of IDDM in 

various sublines of the BB rat (Pollard et al , 1983). 

Humoral immunity against islet cells appears to reach a 

maximal level at the onset of IDDM (Laborie et al., 1985). 

Inten"estingly, these ant ibodies immunoprec ipi tate a 64 
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ki IodaI ton protein from normal Wistar Furth islets, a protein 

of iden t ical s ize to that immunoprec ip i tated from human islets 

us ing !;la tien t sera (Dyrberg et al., 1984; Baekkeskov et al., 

1984) . In contrast to the situation in man, autoantibodies to 

lymphocytes and several endocrine organs also appear prior to 

IODH (Like et al., 1982c; EIder et al., 1982, Dyrberg et al., 

1984). These antibodies do not, however, have any detectable 

effect on the funct ion of these other ce11 types. 

14. Abnor.ali~ies in T cell nu.bers in the BB rat. One of the 

Most striking features of IODH in the BB rat is the profound 

T-ce11 lymphopenia that is found in the peripheral blood, the 

lymph nodes and the spleen (Jackson et al., 1981; Poussier et 

al., 1982; Bellgrau et al., 1982; Naji et al., 1983; EIder and 

Maclaren. 1982; Jackson et aL, 1983). The T lymphopenia 

affects both T helper (W3/25+) and cytotoxic (OX8+) T cells, 

al though the effect on the cytotoxic T cells is the more 

profound (EIder and Maclaren, 1982; Jackson et al.. 1981; 

Poussier et al., 1982; .Jackson et al., 1983; Naj i et al. , 

1983; Greiner et al., 1986; Naj i et al., 1983b; Woda et al., 

1986). Only 1-5% of the peripheral blood lymphocytes are 

estimated to be cytotoxic/suppressor T cells. One particular 

subset of T lymphocytes, bearing the d ifferentiation ant igen 

RT6, is completely absent in the BB rat (Greiner et al., 

1986). This alloantigen is found on the majority of 

per ipheral blood thymocytes, and the depletion of this subset 
" 1 
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is thought to accoun t for Most (if not aIl) of the observed T 

1ymphopenia in BB rats. It is still unknown why this 

partic-u1ar subset of T cel1s is missing in the BB rat l t is 

hypothes ized that a defect ive gen e or genes a f feets t he no rma 1 

differentiation of this subset of T cel1s (Angelillo el al .. 

1988). A recent report suggests that T lymphopenia is not 

required for disease onset. Several lines of BB rats ln the 

Woreeste r co lony deve loped IDDM a t a low inc idence (3%) in the 

absence of T 1ymphopenia (Like et al., 1986). Simi lar lin~s 

have also been deve10ped in the Seattle colony (Herold et al., 

1989) . This suggests that while T lymp hopen i a grea t 1 y 

inereases the incidence of IDDM, i t is not necessary for 

expression of the fu Il-blown syndrome. 

In the midst of the usual T lymphopenia, however, there 

are increased numbers of 1a+ "activated" T lymphooytes in the 

per iphera 1 b lood of pred iabe t ie and new 1 y d iabet ie BB rats 

(Francfort et al., 1985). The numbers of activated T 

lymphocytes are hlghest dur ing the first week of 

hyperglycemia. Intrathymlc lymphocyte numbers are normal, as 

are the absolute numbers of B lymphocytes (EIder and Haclaren, 

1983; Jackson et al., 1983; Naji et al., 1983b). 

15. Abnormalities in T celi funct ion in the BB rat. In 

add i t ion ta the abnarmal it i es of T ce 11 numbe l', the re i8 

significant evidence that the T cells of the BB rat are 

fune t iona 11y abnormal. T lymphocytes in the periphe raI b lood 
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and the 1ymphoid organs have a reduced capacity to proliferate 

in the presence of Concanavalin A (Con A), (EIder and 

Hac l aren, 1983; Jackson et al., 1983; Prud' homme et al., 1984; 

Woda and Padden, 1986). Simi lar1y. lymphocytes respond poor ly 

to phytohemagg1u t inin (PHA) and to pokeweed mi togen 

(Prud . homme et al., 1984). Lymphocytes from the BB rat are 

also poor responders in the mixed lymphocyte cu 1 ture, and the 

BB rat exhibits only a weak re.jection response to a1logeneic 

tissues (EIder and Haclaren, 1S83; Bellgrau et aL, 1982; Naji 

et al., 1983a). Inter 1 eukin-2 (IL-2) production in respanse 

ta Con A st imu la t ion is a1so reduced in the BB rat, and eannot 

be reversed by the add i ti.:m of exogenous IL-2 (Prud' homme et 

al., 1984; Woda and Padden, 1986). Several Unes of evidence 

indicate that the abnorma1 T celI responsiveness in the BB rat 

does not or igina te from a defect in the T lymphocyte, but 

rather a suppress ive effect provided by the macrophage. 

First. Prud' homme and coworkers (1984) showed that the 

addi t ion of splenocytes from a BB rat suppressed the 

proliferation and IL-2 production of WF T cells in response to 

several mitogens. This suppressive effect cou Id be complete ly 

abrogated by depleting the Ba splenocyte preparation of 

macrophages or by addlng the prostaglandin synthetase 

inhib i tor indomethacin. Second, Woda and Padden (1986) were 

able to sort T celis from the BB rat and showed that these 

cells were normal in their ability to proliferate and produce 

IL-2 in response to mi togens. The mechan ism by which 
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macrophages from the BB rat suppress T cell function is 

unknown. 

Finally, BB rats appear to have a b lunted ab il i ty to 

moun t a cytotox i c immune response. Very few funct ion a l 

cytotoxic T cells are produced against virally infected cells, 

and it is controversial whether is let beta-cell cytotoxic T 

cellsexist (Wodaand Padden, 1987; DAan et al., 1985). 

16. T cell lymphopenia and dysfunction in the context of a 

normal thymus. Abnormali ties in the number and fune t ion of T 

cells immediately suggests that a primary immunologie defeet 

in the BB rat may res ide in the thymus. Indeed, thymus 

transplantation can prevent IOOK 1n the BB rat (Georgiou and 

Bellgrau, 1989). Prothymocytes undergo "thymie education," 

where they are thought to interact with MHC antigens. This 

interaction leads to the deletion of autoreactive T cell 

clones, and thus is a maJor force in the shaping of the T cell 

repertoire. From a gross anatomieal view, the RB rat thymus 

is normal in morphology and cellular composition (Jackson et 

al., 1983). MHC class l and II antigen expression is norulal 

both quan t i tat ive 1y and spa t ially (N. Par frey, person a 1 

communication) . A thymus t ransplan ted f rom a BB rat in to an 

irradiated IDOM-resistant animal does not transfer T cell 

abnormalities or disease to the recipient (Francfort et al., 

1985b), Conversely, a thymus taken from an IDDH-resistant 

al. imal wi Il not protee t an l DDM -pr one an imal f rom d eve lop i ng T 
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cell abnormalities or disease. These studies indicate that 

the BB rat thymus 1S normal, and suggest that the T cell 

abnorma l ities originate in the prothymocyte. Neonatal 

thymectomy prevents disease, as the putative autoreactive 

prothymocyte requ ires a thymus to matu re in to a T celI clone 

with the capability to participate in disease pat.hogenesis 

(LHe et aL, 1982d). 

17. Passive transfer studies and isolation of autoreactive T 

cell clones. It is controversial whether splenoeytes from 

d iabet i c BB rats can transfer d isease to athymie an imals 

(Nakhood a et al., 1981 j Rossin i et al., 1983). ConA aet i vated 

splenoeytes from newly d iabetie BB rats can induee disease in 

young BB rats prior to their age of spontaneous onset, and in 

WF rats or cyc lophosphamide-trea ted heterozygotes bear ing one 

l.l. haplotype (Koevary et al., 1983; Like et al., 1985; Koevary 

et al., 1985). The requirement for conA activation suggests 

that the disease inducing cell is a T cell, as does the MHC 

restr ic t ion of the phenomenon. T cell 1 ines tha t spec if ieally 

react wi th the islet beta cell have been isolated from the 

spleen and pancreas of newly diabetic BB rats (Prud 'homme et 

al., 1984b). These T cells exhibit a T helper cell phenotype 

and proliferate (and producJ IL-2) in the presence of islet 

eeIl membranes and histoeompatible antigen presenting cells 

(Prud'homllleet aL, 1987). Due to the instability in 

reactivi ty of T cell lines, T cell clones have reeently been 
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derived from newly diabeticBS rats (Prud'homme et aL, 1986). 

These clones also exhib i t the T helper ce Il phenotype. The 

react i vi ty of both the T cell 1 ines and c lOlles cou Id be 

inhibited by monoclonal antibodies directed against the RT1.D 

but not RTl. B class II product (Prud' homme et al., 1987). 

None of these clones or lines have been tested for their 

abili ty to transfer d isease or insu lit is. 

18. MaturaI killer celis and their potential role in IOD". 

OX8+, anti-asialo GM1+, OX19-, natural killer cells are 

increased in prediabetic and newly diabetic BB rats in 

compar ison to d iabetes res istan t stra ins (Woda and Padden, 

1986; Woda and Biron, 1986). Several 1 ines of ev idence 

suggest that these NK cells May play a role in the 

pathogenesis of IDDM. First, conA stimulation of splenocyLes 

isolated from diabetic SB rats results in increased 

cytotoxicity of the non-MHC matched RINm5F rat lnsulinoma cell 

1ine (RT1«) in in vitro assays. Non-MHC restricted killing i5 

a hallmark of NK ce1ls, whlle activated T ceUs requin:' the 

appropriate MHC Molecules for killing. Second, it has been 

demonstrated that the increased numbers of NK cells in 

diabetes prone BB rats translates into increased NY. activity 

(MacKay et al., 1986). These same authors alsu demonstraterJ 

that is let ce Ils from a var iety of HHC types cou Id Le k i lIed 

by these NK ce Ils. Other cell types were not susc:eptib le to 

NK cell-mediated killing. The effector cells were c]early NK 

61 



r 

cells as they kil]ed the tumor cell lines GI-TC and YAC-l in 

Y.i..tJ.:Q., and were b locked by an ti-as ialo GM 1 serum. YAC-l ce 115 

efficiently competed out killing of RINm5F cells, and the 

efficiency of lysis was enhanced wh en the source of effector 

cells was enriched for the low density fraction of splenocytes 

separated on a Percoll gradient. This fraction would be 

enriched for monocytes, large lymphocytes and KK cells. 

Perhaps tbe most convincing evidence suggesting a role for N~~ 

cells in the pathogenesis of IDDM cames from the in nu 
studies where injection of antibodies directed against the axa 

or asialo-GMl determinants prevents the onset of IDDM (Like et 

al., 1986b; Woda et al., 1987b). The mec han ism by which NK 

lysis might be targeted to islet beta cells in ~ 

remains elusive. Traditionally, specifie NK Iysis would also 

involve antibody-dependent cell-mediated cytotoxicity (ADCC). 

The early humoral response to islet beta cells might therefore 

direct the spec i fic NK lysis. There has, however, been no 

evidence to support this hypothesis. 

19. Cytokines, are they cytatoxic ta beta cells? Several in 

vitro studies have demonstrated that a number of cytokines can 

be cytotoxic to beta ce Ils. The pI7 form of in ter leukin-l, 

produced predominantly by NK and dendritic cells, is directly 

cytotoxic to islet cells (Mandrup-Poulsen et al., 1986; 

Bend tzen et al., 1986; Mandrup-Pou lsen et al., 1987). 

Moreover, gamma-interferon and tumor necrosis factor have been 
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shown to act synergistical1y with IL-1 in cytolysis of islet 

celis in vitro (Pukel et al., 1988). There is. however, no 

direct evidence that these cytokines are cytotoxic to islet 

beta celis in. ti.Y..Q.. One study, which demonstrated that 

admin istra t ion of sil ica prevented l DOM in BB rats, suggeB ts 

that macrophages are necessary for the pathogenesis of IDDH, 

and might suggest that cytokines produced by macrophages nlight 

exert their effect via direct cytolysis of bet.a celis 

(Oschilewski et al., 1985). A recent study indicates that 

macrophage infi l tration of the pancreas is the first cellu lar 

phenomenon that occurs prior to IDDM, and is required for 

subsequen t lymphocyt le inf i l trat ion (Hanenberg et al., 1989). 

20. Prevention of IDDK via imllunotherapy. IDDH has been 

prevented in the BB rat using several immunotherapeu t ie 

approaches. These interventions both stem from previous data 

implicating, and provide new evidence for, the involvement of 

several types of immune cells in the pathogenesis of IDDM. 

Antiserulll or monoclonal antibody (OX19) against pan-T cell 

determinan ts can reverse hyperglycemia in pred i abet i c BR rats 

and prevent the onset of IDDM in non-symptomatic animaIs (Like 

et al., 1982; Like et al., 1986b). Replacement of !Jone marrow 

celis in neonatal BB rats with donor cells taken from 

histocompa t ible d iabetes-res i stan t an ima 1 s redu ces the 

incidence of IDDH (Naj i et al., 1981; Naj i et al., 1983). 

Moreover, neonatal thymectolUY prevents IDDM in the BB rat 
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(L ike et al.. 1982d). Transfus ion of who le b lood. splenocytes 

or lymphocytes from histocompa t ible d iabetes-resistant an imals 

can prevent the onset of IDDM (Rossini et al., 1985). Most 

recent ly. the capac i ty to preven t the onset of IDDM has been 

attributed to the W3/25+ helper/inducer lymphocytes (Castano 

and Eisenbarth, 1990). Among these ce11s, those that bear the 

RT6 marker appear to be critical in determining susceptibility 

to IDDM. Diabetes-resistant BB rats succumb to diabetes when 

RT6+ T lymphocytes are depleted from the circulation (Greiner 

et al.. 1987). Furthermore, anti-asialo-GHl treatment, while 

preventing diabetes in the BB rat, cannot block the onset of 

d iabetes in d iabetes-resistant BB rats depleterl of RT6+ cells 

(Woda et a!., 1987). 

21. Cyclosporine treatllent of IDDK in the BB rat. Cyclo

sporine A (CsA), a drug routine1y used in the immuno

suppression of patients that have undergone transplants, has 

been reported to either prevent or blunt the onset of IDDM 

when administered orally on a dai ly basis to young prediabetic 

BB rats (Laupacis et al., 1983; Jaworski et al., 1986; Yale et 

al., 1987). Sustained cyclosporine treatment is not free of 

risk, however, as continued treatment often leads to glucose 

in tolerance in the recipien t an imals (Yale et al., 1985; Yale 

et al.. 1987). If cyclosporine treatment is initiated 

s ignificantly before the zone of onset of diabetes. subsequent 

wi thdrawal from the t reatment regimen does not l'esu l t in 
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appearance of the syndrome (Like et al., 1984; Jaworski et 

al., 1986). If the treatment regimen is initiated later, a 

reduction in the treatment rate to twice weekly can be 

sustained wi thout a significan t increase in the appearance of 

the syndrome (Brayman et al., 1987). Such a regimen would 

thus min imize the se r ious s ide effects th'it da ily cyclospor ine 

treatment would present. Finally, the comLined treatment of 

newly diabetic BB rats with cyclosporine and anti-IL-2 

receptor monoclonal antibody has been shown to restore 

normog lycemia to grea ter than 70% of the an imals (Hahn et aL. 

la87) . These data in the BB rat have prompted clin ical tr iaIs 

in man that are now in progress. 

The prevention of IDDM in BB rats by administration of 

cyclasporine appears ta act by inhibi t ing the recru i tmen t of 

ED1+ macrophages that normally follows hypei'expression of 

c lass l MHC an t igens (Bane et al., 1990). In the absence of 

in fil tra tian by macrophages, subsequent recru i tmen t of 

lymphocytes is aiso blocked. Paradoxically, hyperexpression 

of olass l HHC antigens by the islets is not inhib i ted by 

cyclosporine treatment. 
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In thlS chapter,-we demonstrate V1a molecular genotyplng 

of multiple intercrosses between the 810breeding, Lewls and 

Buffalo rats that the sU5ceptlblllty determlnant for Insu11n

dependent diabetes meliltus (IDDH) encoded in the ~ h~plotype 

of the rat MHC (RTl) is a domlnant trait. ThlS flndlng 15 ln 

agreement with the mode of lnheritance observed ln human IDDM 

where the dlsease segregates wlth HLA-DR4 and occurs ln 

individuals heterozygous for this haplotype. The data a1so 

suggest a dose effect, where animaIs hornozyg0us for the ~ 

haplotype exhiblt an increased relative risk for the dlsease. 

This is agreement with the increased relative rlsk of HLA

DR4/DR3 heterozygotes in man. These data, then, ar~ further 

Evidence for the extensive simllaritles between the MHC 

association of IDDM in man and the BB rat. 
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CHAPTER TIIO. 

A SINGLE DOSE OF THE KHC-LIRKED SUSCEPTIBILITY DETERMINANT ! 

ASSOCIATED VITH THE RTIJl. HAPLOTYPE 15 PERKISSIVE FOR INSULIN 

DEPENDENT DIABETES KELLITUS IN THE BB RAT 

This chapter has been published in Experimental and Clinical 

Immullogenetics, 7:162, 1990. 
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AB ST RACT 

Syndromes of insu 1 in -dependen t ct labe tes have been 

described in mouse, rat and man. In a11 three, the presence 

of one or more specifie alleles of the maj or 

histoeompatibility complex is a prerequisite for a[!pearance of 

the disease. In the BB rat, diabetes is associated with thE: 

RT1 u haplotype. We have performed a series of inter(.'rosses uf 

diabetic BB rats with normal Lewis and Buffalo rats and 

examined the offspr ing of aIl 1 i t ters producing a t le as t one 

diabetic an imal. 45 of the 250 rats that developed diabeles 

were heterozygous for the RTl u haplotype by serotyping. 

Furthermore, diabetlc rats heterozygous by serotYPlng ut the 

RT1A e lass l lac i were a Iso heterozygous a t the R1'lB and RT iD 

loci of the class II r8gion and did not show eviden8e of a 

recombinant haplotype when examined by Southern blot analyses 

using molecular probes for class land class II genes. 

Diabetic rats heterozygous or homozygolls for RTlu wore 

phenotypically indistinguishable with l'8spect to 8g(~ of onset 

and severity of disease. Therefore, in the rat, as in the 

human, a single dose of the high risk allele at the major 

histoeompatibility complex is sufficient for the development 

of insulin-dependent diabetes mellitus if other susceptibilit.y 

factors and the appropr iate envlrnnmental factor:::: arr..; ln 

place. 
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INTRODUCTION 

Syndromes of insulin-dependent diabetes mellitus (IDDM), 

in which the histopathology of the pancreas reveals 

infiltra tian by cells of the immune system, have been 

described in mouse (1), rat (2), and man. In a11 three, the 

pr esence of one or more specifie alleles of the maj or 

histocompatibility complex (MHC) is a necessary, though not a 

sufficient prerequisite for appearance of the disease. In the 

rat, IDDM is associated with the RTlu haplotype (3). Breeding 

studies using an MHC recombinant strain in which there has 

be en a r ecomb ina tion even t between the c 1ass land c 1ass II 

loci of RTl have permitted us to concll.lde that 1J.. alleles at 

the MHC coding regions to the right of the class 1 RTl.A 

region and to the left of the RT1.C class l region are 

necessary but not sufficient for expression of overt diabetes 

(4). l t has been suggested, however J that because l DDM is 

more common in animaIs I1Omozygous for the U. haplotype than in 

t hose he terozygous for U" t hat a .. d iabetogen i c gene" wi th in 

the MHC functions in a recessive fashion to permit expression 

of disease wh en the othel' genetic and environmental factors 

necessary for the disease are present (5). In our breeding 

studies, we have regu larly encoun tered anlmals heterozygous 

for the u. allele in which IDDM develops, indicating that the 
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J MHC assoc iated IDDM suscept ibi 1 i ty determinan t is a dominan t. 

tra i t (6). S ince ass ignmen t of genotype had been made on the 

bas is of serotyp ing a t the RTL A locus presen t on r ed b lood 

ce11s, the possibility remained that such animals were 

heterozygous at RTl.A but homozygous at the class II ragions 

as a consequence of an undetected recombination cven t. Thus, 

the present study was undertaken to determine the genotype l\f 

the class II and the non-RT1.A class 1 loci by restriction 

fragment length polymorphism analysis of genomic DNA isolated 

from seve l'al an imals in the breed ing stud ies . Wc show that 

the diabetic rats heterozygous by serotypi.ng at the RTl. A 

class 1 locus are also heterozygous at the RTl. Band HT1. D 

loci of the class II region and do not show evidence of a 

r, recombinant haplotype. Furthermore, we demonstrate that 

although the relative risk for development of dlf~f~ase is 

greater for animaIs homozygous for the l.l. haplotype of RTl than 

for those carrying a single copy of the permlSSlve haplotype, 

this increment in relative risk is not largE". 

the diabetic syndrome is no different in an ima ls hûmozygous 

from those heterozygous for the RT1\.l haplotype. 
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HATERIALS AND KETHODS 

Breeding studies: animaIs were maintained and bred as 

previously described (7). Lines derived from Lewis (RT1 1 ) by 

BB rat (Lew x BB) crosses were maintained by brother-sister 

matings for 6 generations and those from Buffalo (RT1 b ) by BB 

rat (Buf x BB) crosses for 12-14 generations. Diabetic males 

were preferentially used for breeding. We have analyze,j data 

on a11 of the progeny from mating pairs producing at least one 

diabetic offspring. AlI of the progeny were serotyped at the 

class l loci as previously described (8). Odds ratios were 

calculated accordin~ co the method of Woolf and combined 

according to the mer.hod of Hantzel-Haenzel (9). 

DNA probes: Fer RFLP analysis of class l genes. we used 

a 248 base pair PstI fragmen t from the c lass l Balb/c cON A 

clone pH2IIa as a hybridization probe (10). A 4.7 kilobase 

BamHI/EcoRI fragment from cosmid clone H-2d 24.2 was used to 

detect the I-A alpha chain homolog and a 6 kilobase EcoRI 

fragment from cosmid clone 41.1 to detect the I-A beta chain 

homolog. A 1.2 kilobase BamHI fragment from cosmid clone 8.4 

was used to detect the I-E beta chain homolog (11). She3.red, 

denatured rat genomic DNA was added to the prehybridization 

solution (at a concentration of 5 ug/ml) prior to 
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RESULTS 

There were 15 mating pairs in the LEW (RTll.) x BB (RT1 u ) 

crosses produc ing lit te rs in which a t least one animal 

developed IDDM. These pairs prr.)duced a total of 150 progeny 

of which 96 typed RT1.Au/u, 40 were RT1.Au/l, and 14 were 

RT 1. A 1/ 1 The odds ratio for developing IDDM in the u/u 

animaIs as compared with the u/l animaIs was 1.40 (p-::O.64). 

There Here 122 l~ating pairs in the Buf (RT1 b ) x BB (RT1 u ) 

crosses r:h i ch produced lit ters wi th a t least on e rat 

developing IDDM. These pairs produced a total of 741 

offspr ing of which 538 type.:i RTl,... Au/u , 158 were RTl. AU/b, and 

45 were RTl. Ab/b. The odds ratio for development of IDDM in 

the RT 1 u/u 0 ffspr ing compared with the RT 1 u/b an imals in the se 

crosses was 1.63 (p=O. 02). The comb ined odds ratios for the 

two groups was 1.59 with 95% confidence limits of 1.08-2.34 

(p=O.02). This represents the relative likelihoods of 

development of IDDM in a homozygous (RTl u / u ) animal versus one 

carrying one U. haplotype (RT1 u / x ). AnimaIs not carrying at 

least one 11- haplotype did not develop disease. 

The diabetic syndrome was indistinguishable in the 

animaIs homozygous and heterozygous for the RT1.Au allele. 

The male to female rat io in the (Lew x BB) homozygotes was 

11:11 and in the heterozygotes was 4:3. The corresponding 

(. 
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figures in the lBui x BB) crosses were 90 :93 and 19.19 

respectively. The age of onset was also slffi1lar. Thus. the 

comt.ined ages of onset in the two sets ot- crosses were 9:;':!:..~ 

days for the homozyg·:.tes and 98±.14 days f or the heter o::vg·:·tes 

8ecause of the paUC1 ty of reports ~n the 1.1 t'Ô:!'êI t ur E: 0 t 

animaIs he"terozygous f or the !d allel€: be·:: omng d13t,,;::t. ~c.. Wt2 

were concerned that early ~n our breed1ng stuoJ.e.:: we m1ght 

havE: fixE:ci a recomb1na"t1orl Event t·eï:ween ï:rle RTl A l·.=·eus 

(whose products were detected by serotypingJ and the class Il 

loci whose products appear to confer d1sease sus·::eptJ. t'lll tv . 

We therefc.re examlned g€:OCtrnic DNA of d1abetlc anlmals typ1ng 

RTl. A· ... "b. F1gure 1 shows Sc.uthern blot analyses of UNA from 

diabetlc rats serotyped as u/b heterozygotes as well dS DNA 

from 8B and Buffalo control reference straHIS. The DNA was 

digested wi th BglII and probed Wl th class Il MHC prot'E:s for l

A alpha (panel A). I-A beta (panel B) and I-E beta (panel C). 

Lane 1 in each panel contalns DNA from a BB ra t, lane 2 from a 

Buffalo rat and lanes 3-5 contain DNA froIn three dlabetlc 

offspring serotYPlng as RTl. A".A;b. In each Hlstance, the 

diabetlc offsprJ.ng showed two bands co-mJ.grat.l.ng Wl tn the 

parental bands as expected for a heterozygotE:. They dld not 

show any novel bands nor were there any I:)ands aDsent that 

might indicate a recomblnant event. A sJ.Inllar analysl.s lS 

evident in F1gure 2 in WhlCh the RFLP study utl.l1zed a 242· bp 

PstI fragment from the class l Balb/c cDNA clone pH~I la as a 

hybr idlzation probe. There are a large numt·er of hybr1dlzing 
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bands as expected for a class l probe which detects class l 

type genes fI anking the c lass II reg i on of the rat MHC. 

Arrows labeled a-c indicate bands unique to the BB rat genome 

(lane 1) whe r eas arrows d -h ind icate bands un iqu e to the 

Buffalo rat (lane 2). Again, the serologie heterozygote 

diabetic offspring in lanes 3-5 demonstrate al! the bands from 

each of the parental types and do not show novel or missing 

bands. 

(., 
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DISCUSSION 

The two sets of breeding studi es produced a large senes 

of progeny for study. We examined the offspring of those 

mat ing pairs whic h produced a t leas t one d iabe t ie an 1ma 1 in 

order to ensure that the appropriate genetic prE'dü,~ll,sillg 

factors requ ired in add i tian to the permissIve MHC for ct lSeaCf' 

expression were segregating in those breeding pairs. We fuund 

fort y- fi ve d iabet ic an imals tha t we re he te rozygou;_~ a t the MHe 

and thus apparently carrying a single dose of the MHC -1 inked. 

RT1 u associated susceptibility determinant. However. a 

recolnb inant MHC hap lot ype wou Id not n6cess a r il y be no tC'r! by 

the routIne serotyping Wh1Ch detect..s RTl. A prodllcts 

Therefore, Southern blots were performed uSlng plobes for the 

murine I-A and I-E loci. These denlOnstrated thal:. rats that 

were serotyped u/b at the class l RT1.A IOCllS are jn faet alsn 

heterozygous at the class II RTl Band RT 1 0 Ive i. These da t3 

indicate that the MHC associated determinant. carried by t.he 

RT1 u haplotype can aet in a dominant fashion. This is similar 

to the findings in human IDDM. Thus, Rotter et al. inler[Jrct 

population data of HLA--DR frequeneies in diabet1cs as 

incompatible wHh a simple receSSlve mode of inheritanr.:e of 

the MHC-linked susceptibility determim.lnts (12). ~llTli larly, 

an analysis of diabetic human pedigree data carrjed out by 
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MacDonald et al. leads to the conclusion that the disease is 
t 

inherited primarily via a single dose of HLA-DR4 (13). 

Finally, of 38 IDDM patients reported by Todd et al. whose DQ 

beta chain genotype were examined by molecular typing, 10% 

were found ta be heterozygotes for the putative susceptibility 

determinant at residue 57 of the DQ beta chain (14). 

The odds rabo of 1.59 indicates that there may be a dose 

effect for the MHC-associated susceptibility determinant. 

Therefore, al though an an imal heterozygous for t his 

determinant is clearly capable of developing the disease, such 

a l ikel ihood is increased by two copies of the determinan t to 

a small but significant extent. This is aga in remin iscen t of 

the human data that indicate the highest relative risk for the 

HLA-DR4jHLA-DR3 camp ound he terozygote (15). There are at 

least two types of general explanations of the increased 

relative risk of the homozygote at class II. The first refers 

to the presumed mode of action of immune response genes, 

usually di spla y ing a dominan t mode of inher i tance for the 

responder phenotype (16). This is consistent with the 

putative function of class II gene products in antigen 

presentation in which "correct" presentation eould be carried 

out by the single copv of the heterozygote; however, the 

probablility of this event would presumably be enhanced by the 

homozygous state. This has in fact been noted in studles of 

Ir genes in which the Fl animal shows an immune response 

intermediate between those of the dominant responder and non-
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responder parental stralns (lb). 

The ~econd poss 1 D~ll tv l.S tna"t tnere are "tWQ MH''':;-l1nKe·:1 

susceptibi li ty determ~nants; a slngle copy of one Co! t!tëE e 

the presence of the se·::ond deterrninant (ana1üg·:·us t:· DkJ) 

lncreased the l~kellhood of l.nsulJ.n-,jependent dlar'ë"':es 

rnelli tus. We cannc,t deflni"t~ ve1 y dl.S,:r ~nll.nate thës::e tw..:, 

hypotheses on the bas~s of these breedlng stud~es. 

Nevertheles.'3, in the rat, aE ln the hurnan, a s ~ngl.:::: dOEE: of 

the high risk alle1e is suffl.Clent for d~abetes to develop ~f 

other susceptibility factors and the approprlate env~rünmen"tal 

factors are in place. 
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T •• ae 1. RTl A genotypes of ofTspnng 

(Lew X 88) crosses RTtA (Buf X B8) crosses RTtA 

DM tOlal uu ut Il DM total uu ub bb 

From maung paus producmg 
homozygous DM 22 140 95 33 12 183 561 520 JO Il 

From mattng paln producmg 
heterozygous DM 7 15 4 9 2 38 180 18 128 34 

Mmus one IiUer havmg both 5 3 2 0 

Totals 29 150 96 40 14 221 741 538 158 45 

1 
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FIGURE 1. Southern b lot analyses of DNA digested wi th BgII l 

and probed with class II MHC probes for I-A alpha (panel A), 

I-A beta (panel B) and I-E beta (panel C). Lane 1 in each 

panel contains DNA from a BB rat, Iane 2 from a Buffalo rat 

and Ianes 3-5 contain ONA from three diabetic animaIs 

Eerotyping as RT 1. AU/b. In each instance the arrow "a" 

denot es a band un ique ta the BB rat wher eas ar row .. b" denotes 

a band unique to the Buffalo strain. Each of -the three 

diabetic offspring showed two bands co-migrating with the 

parental bands as expected for a heterozygote animal. They 

did not show any novel bands nar were there any bands that 

might indicate a recombinant event. 
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FIGURE 2. Southern blot analyses of DNA digested with BgITI .. 
and probed with a class l HHC gene probe. Lane 1 in each 

panel contains DNA from a BB rat, lane 2 from a Buffalo rat 

and lanes 3-5 contain DNA from three diabet ic an imals 

serotyping as RT1.Au/b. There are a large number of 

hybridizing bands as expected for a class I probe which 

detects class l genes flanking the class II region of the rat 

MHC. Arrows labeled a-c indicate bands uni~ue ta the BB 

genome (lane 1) whereas d-h indicate bands unique to the 

Buffalo rat (lane 2). The sero logic heterozygote diabetic 

offspring in lanes 3-5 demonstrate aIl the bands from each of 

the parental types and do not show novel or miss ing bands. 
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Having determined the penetrance of the MHC encoded 

susceptibility determinant(s) for IDDM in the pl'evious 

chapter, l'le set out to map the region(s) of the MHC involved 

in genetic predisposition. We aiso set out to determine 

l'lhet her the suscept ib i li ty de terminan t( s) l'lere un ique to the U. 

haplotype of the BB rat by asking whether u. haplotypes from 

other disease-free strains could permit the development of 

IDDM l'lhen placed on the genetic background of the BB rat, In 

this chapter l'le demonstrate that the susceptibility 

determinan ts for IDDM are not found in the RTl. A locus of the 

MHC, We also present data that strongly suggest that U. 

haplotypes from other disease-free strains can support the 

development of IDDM in the context of the BB rat genetic 

background. These findings support the hypothesis that the 

susceptibility determinant(s) in the BB rat MHC are not unique 

to that strain. A second finding of this study involves the 

issue of an IDDM resistance gene. Previous breeding studies 

between the BB rat and the seroidentical, disease-free Wistar 

Furth rat demonstrated that the incidence of diabetes l'las not 

s ign i f iean t ly h igher than ü, crosses between the BB rat and 

non-RT1~ strains. These results suggested that an IDDM 

resistance gene might reside within the Wistar Furth MHC. 

Molecular genotyping ailowed the identification of diabetic 

animaIs homozygous for the Wistar Furth MHC, suggesting that 

the resistance gene is located elsewhere in the Wistar Furth 

genome. 
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CHAPTER THREE. 

SUSCEPTIBILITY ABD RESISTANCE GENES TO IBSULIN-DEPBBDENT 

DIABETES HELLITUS IR THE 8B KAT 

This chapter has been published in Experimental and Clinical 

Immunogenetics, 6:189, 1988. 
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ABSTRACT 

Insulin-dependent diabetes mellitus (IDDM, type I) is an 

autoimmune disorder exhibiting a strong association with 

particular haplotypes of the major histocompatibility complex 

(MHC). We have previously shawn that the ~ haplotype of the 

rat MHC (RTl) i6 absolutely required for expression of IDDM in 

the BB rat model of the disease. To define the precise 

regions of the RTl contributing to disease occurence and to 

address the mechanism by which the associated haplotype 

participates in disease pathogenesis, we have transferred 

recombinant haplotypes bearing the IDDM-associated MHC in 

defined regions onto the BB rat genetic background. In this 

report, we present data from two breeding studies utilizing 

the ~ haplotype (RT1.AaBuDuEuCu) that demonstrate that 1) the 

RT1.A locus is not involved in the disease association, 2) the 

MHC genes determining disease susceptibility are not unique to 

the BB rat, and 3) JDDM resistance genes are found outside the 

MHC. We also present evidence that the immunoregulatory 

defect characteristic of BB rats enhances the incidence of 

IDDM although it is not absolutely required for disease 

expression. We were able to track the transmission of the 

recombinant haplotypes in diabetic progeny using a combination 

of monospecific alloantisera and restriction fragment length 

analysis using locus-specific MHC gene probes. 
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INTRODUCTION 

The major histocompatibility complex (MHC) is a tanderuly 

organized multigene member of the immunoglobulin gene 

superfamily that codes for cell-surface, heterodjmeric 

glycoproteins that play a major raIe in antigen presentatioll 

and cell-cell interaction (1-3). The cluss 1 and II genes of 

the MHC oode for the polypeptide chains (sRve the beta2 

-microglobulin chain of the class 1 antigen) that cûmpose the 

class 1 and II histocompatibility antigens. ClaBG 1 antigenG 

are expressed on most cel1s of the body albeit in varying 

degrees w:lile olass II antigen expression i8 normally 

restr icted to ce Ils of the immune sys tem. Both c laGses 0 f "He 

antigens function in the recognition of foreign antIgens by 

the immune system. In thi8 capaci ty, olass l ant 1gens 

restriet antigen recognition by CDS· lymphocytes while clase 

Il antigens restrict CD4+ lymphocyte recognition. Althou~h 

there i8 a h.i.gh degree of sequencE' homology betweell 

counterpart genes in the HHCs of differenl speCIOS, the 

genetie organization of the MHe varies from sp~cies Lu 

species. The rat MHC (RTl) resembles the mouse HHC (H-2) in 

that the class II loci (RTl Band D) are flanked by the dacB 

1 RT1.A locus (centromeric) and the class I RTl.E and RTl.C 

loci (telomeric, 4). 

Numerous autoimmune diseases exhibit strong associatiùns 
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with particular haplotypes of the MHC (4,5). Insulin

dependent diabetes me11itus (IDDM, Type 1 diabetes) is an 

autoimmu~e disorder that results from the T-oe11 mediated 

destruction of the insulin-producing beta cells of the islets 

of Langerhans (6). The syndrome exhibits a polygenic mode of 

inheritance wlth the MHC contribution estimated to account for 

50% of the hen tabil i ty (7). In man, greater than 95~~ of 

insulin-dependent diabe+:lcs are of the HLA-DR3 and/or -DR4 

serotypes (as compared to 45% of the norma 1 popu la tion) and in 

the BB rat model of the disease at least one ~ haplotype of 

the RTl i5 a requirement for disease expression (8,9). 

There are two scenarios that might explain the MHC 

association of IDDM. A diabetogenic mutation might have 

occu rred w i thin the assoe ia ted hap 1 otype or the re levan t 

mutation(s) might have ocurred outside the MHC, promoting 

disease due to a strong genetic predisposition conferred, 

perhaps on ly partially, by the associated haplotype. We have 

addressed this issue in the BB rat model of IDDM by using 

recombinant haplotypes bearing the assoeiated .IJ.. haplotype in 

defined regions of the MHC 

and r..6. (AaBI.lDuE/Cu) hap lotypes have been p laced on the BB rat 

genetic background by breeding and the transmission of the 

recomb inan t hap la types tracked in the resu 1 t ing d iabet ie 

progeny by Southern blot hybridization with locus specifie MHC 

probes (10-13). The.IJ.. regions in these recombinant haplotypes 

were derived from BB remote animaIs. We reasoned that this 
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approach would provid~ a direct ~ YiYQ test to determipe 

whether diabetogenic potential i8 unique to the BB rat ~ 

haplotype. 

In this report we describe two breeding studios uslng th0 

I...6. haplotype. In the first, a high dlsease incidel1l'e hoodô'd 

diabetic rat (BB derived) was mated with a non diabetes rrone 

PVG. r8 rat (a PVG rat eong8nic at the RTl for the Il!. 

recombinant haplotype). F2 animals of aIl three possible 

RTL A sero types (a/a, u/a, and u/u) bocame d iabet i c. As 

previously reported, disea e parameters in these animals were 

identical to those in the BB rat (14). We present hore Lhe 

genetic structures of the MHCs from se~ected animale from lhis 

breeding study that clearly demonstrate the idenlity of the 

RTl. Aa/e. d iabetie rat MHe to the rVG. r8 HHC and the 

homozygosity of the cli haplotype in these djabetic anim::ds. 

In rhe second breeding study, WB mated a diabetlc animal 

homozygous for the .c.6. haplotype (generated in the first 

breeding study) with a non-diabetes prone Wistar Furth raL. 

The Wistar-Furth rat bears the ~ haplotype at RTl and i3 

seroidentical at RTl to the BB rat. F2 animaIs of aIl throû 

possible RTl A genotypes became diabetic Here W8 presenl lhf..; 

incidence of IDDM in the three groups of progeny and the 

moleeular genotyping data at the RTl. The result~ pr8~ented 

in this paper as weIl as our findings wjth the r..4. haplotype 

(S.J. Ono, T. Seemayer, R.D. Guttmann, A. Fuks and E Colle, 

manuscript submitted) demonstrate that multiple BB-remote ~ 
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haplotYPf::S can promote IDDM when placed on a SB rat genetic 

background and argues against a diabetogenic mutation within 

th~) BB rat MHC. 
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HATERIALS AND HETHODS 

BREED ING. The br eeding scheme fa llowed to produ ce the 

diabetic rats hamozygous for the 1.:.6. haplotype has boen 

described (14). Briefly, they were the result of a cross 

between male hooded diabetic rats (RTl.AuBuDn) from the Ot.Law:l 

colony and females of the PVG. r8 stra in ob t3.1l1pd from DrG. 

G.W. Butcher and J .W. Howard, Cambridge, U .K. (11). This 

st rai n i s (A a. B u DU). Dia b e tic rat s ho m 0:3 Y go u::; for l Il e r.6. 

haplotype were bred wi th I.E. homozygous 1 i t terma tes t.o 

establish a line of tii diabetic rats. We used dial,etic malte's 

homozygous for the r..8. haplotype ta mate wi th 3 fcmille Wlstur 

J Furth (WF, Microbiological Assoc.:iates, Walkc:rsvi1l8, MD) The 

resulting 10 Fl rats were mated and produced Cl4 F2 animale 

Rats were housed thr8e to a cage and were welf~h.->d twice 

weeli.ly. AnimaIs which failed to gain weight between welghlngs 

were tested for glucosuria. Blood glucÎJs~ of If.~.C IllrTIol/J 

confirmed the presence of insulin-dependent dlabetF·s mel11t.u'-,: 

(IDDM) . 

ANTIGEN TYPING. AnimaIs were typed for anti.gens ot the RTl.A 

locus by serotyping using monospecific alloantisera as 

previously described (14). AnimaIs with the rB. haplolype 

typed a. at the A locus; animaIs with the WF haplotype typed U. 

at the A locus. In addition, we bled aIl rats at 70 ta 80 
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days of é1.lie and determined the total whi te coun t in a Coul ter 

coun ter. F inall y we u sed 5 x 10 6 per ip heral b lood l ymphocyt.es 

to test responsiveness to 2 _ 5 ug concar.avalin A (conA) as 

previously described (14). 

STATISTICAL ANALYSIS. Data on total white counts and conA 

responsiveness were analyzed using one-way analysis of 

vari.ance (SPSS, Inc. Chicago, IL). 

NUCLEtC ACID PROBES. For RFLP analysis of class l genes we 

used a 248 bp Pst! fragment from the class l Balb/c cDNA 

plI2 lIa as hybr id iza ti on probe. A 6 kb EcaRI fragmen t from 

co sm id clone 41. 1 was used to detect l -A beta chain homo log 

( and a 1.2 kb BamHI fragment from cosrnid clone 8.4 to detect 

the I-E beta chain homolog. Sheared, denatured rat genomic 

DNA was added to the prehybridization solution (at a 

concentration of 5 ug/ml) prior to hybridizati.on with the 

beta-chain probes tu mask repetit ive elements in the blotted 

rat ONA that cross-hybridize with repetitlve elements in the 

beta-chain probes. AlI of these probes were the kind gift of 

L. Hood, California Institute of Technology, Pasedena, CA 

(12,13). 

DNA EXTRACTION AND SOUTHERN BLOTTING. H igh mo lecu lar weight 

DNA was extracted from spleens removed from ether-anesthes ized 

animaIs. Spleens were first minced and then forced through a 
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wire-sieve using a glass plunger. The resulting cell 

suspension was then diluted in 1 ml phosphate buffered saline 

and 10 volumes of 0.5 M EDTA (pH 8.0), 100 llg/ml proteina3'" K. 

and 0.5% Sarcosyl. This su spens ion was then l ysed OVl~rn ight 

in a 55 C water bath. Nucleic aeid W<'l.S then extracted from 

proteins by three phenol extractions (eqllal volulTle phenol), 

two phenol/chloroform/isoamyl aleohol extraction;:;, and two 

chloroform extractions The nue le le ac id was then d ialy::,:ed 

against 4 liters of 50 mM Tris-HCl (pH 8.0), 10 mM EDTA and 10 

mM NaCI wi th several changes. RNA was thE'n removed by 

treating the nucleic acid preparation with 100 utr/ml RNnse at 

37 C for 3 hours followed by a phenol/ehloroform ex tract ion 

The DNA was then equilibrated by extensive Jialy::a::"': ln 10 mM 

Tris-HCl (pH 8.0), 1mM EDTA. For Southern blotting, 20 ug of 

DNA was digested to completion by two incubatiuns with the 

restriction endonuclease BglII at a concentratIon of :l 

units/ug input DNA. The digested DNA WdS then concentrated by 

ethanol precipitation using ammonium acetate and nc:solvl'd on 

o . 8 % ag a r 0 s e gel s for 24 hou r Gat 40 V i Il O. 4 M T l'l S -rI C (; t a t e 

buffer. After ethid i um br om ide s ta in ing and p hotog raphy, the 

separated DNA was tr ansfer r ed to Zeta -p robe me mbran es (B l Cl rad, 

Rockville Center, New York) by Southern blotting Thr- blot.s 

were then preannealed for 16 hOtlrS and th811 hybrJdi:::ed fur ;~O 

hours at 47 C in Cl solution conlainlng 50% fl)rmarnide, ~}X 

sodium ehloride sodium citrate (SSC), 0.004% Ficoll, 0.004% 

bovine serum albuDlin, 0 004% polyvlnylpyrrolidone, 20 mM NaPO.l 
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buffer (pH 6.5), 0.2% denatured salmon sperm DNA/ml, 0.1% 

sodium dodecyl sulfate (SOS), and 10% dextran sulfate. The 

filters were then washed 2X 15 minutes in 2X SSC at room 

temperature, 2X 30 minutes in 2X SSC, 1% SDS at 65 C, and 2X 1 

hour in D.1X SSC, 0.5% SDS at 55 C. The filters were then 

exposed ta Kodak XK-1 film with DuPont Lightning Plus 

intensifying screens at -80 C for 10 to 48 hours. 
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1 RESULTS 

GENETIC STRUCTURE AND TRANSMISSION OF CLASS l GENES. We 

examin ed the genet ic st ru c tures of the cl ass 1 gen es 0 f 

selected animaIs from the PVG.r8 x Booded cross (Figure 1). 

Hybridization of BglII digested high molecular weight DNA frùm 

these animaIs with the class l cDNA probe pH2IIa J.dentifie!:.~ 

approx imate l y 19 to 27 restric t ion f ragmen ts bear i ng a h igh 

degree of homology to class 1 genes Only 3 bands 

differentiate the class l genetic structure of the Hooded rat 

from that of the PVG.r8 rat (89% ident.lty). On the nther 

hand, at least 12 fragments differ between the ACI (HTIs.) and 

PVG.r8 class l genetic structures (55% idenlity, although Lhis 

figure is artificially high due to multlple bands 

indist ingu is hab le by s ize although li ke ly d ist ine t by 

sequence) shared between the u.. and a haplotypes) All three 

di stingu ish ing bands are p resen t in d iabet ic an irnals 

serotyping RT1.Aa./u (lane 4). Band a (approximately 7 kb) j:::; 

present in the Hooded, \tiF and RTl.Au/u serotYPln~; 3Jllrnals bul 

absent in the PVG. r8 or RTl.As./a serotyping nnlm3L:-; 

Therefore, the 10ss of this fragment is nssocialeri witl! thp 

. r8 recombinant event and is a valuable market' for the RTl A 

locus. Bands B (approximately 8 kb) and C (3pproxirnab:?ly r t. 
d ,1 

kb) are presen t in the PVG r8, ACI. and RT 1 . Aa/a a r "/ll 

serotyp ing an imals. These fragments, then, map ta the RTl. AB. 

locus. The conservation of these differen8es and the lack of 
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evidence for a recombinant Event durlng the breedlng (no new 

pc.lymorphisms) ln RT1.A·"· diabetic F':': anlmals (lane :.::!) 

demonstrates the successful transmisslon and homozygosltY of 

the r8 haplotype ln diabetic ammals produced in the PVG.r8 x 

H00ded cross. Flgure 2 shows the class l genetlc s'tructures 

of selectej anlmals from the RTl. t"'-=-,,.."" x WF cross. The class 

l HFLP pat-cerns of the WF and Hooded rats are idemacal. As a 

resul t, the same 3 restrlctlon fragments dlstingulsh between 

the WF and RTl. rB class l genetlc s'truc'tures. No'taoly, band a 

is presen't and bands band c absent ln the class l HFLfJ 

patterns of two dlabetlc F2 progeny that serotype RTl. A ... ,. ... 

(lanes 3 and 4). These data demonstrate that these dlabetic 

( progeny are homozygous for the WF RTl. 

ANALYSIS OF CLASS II GENES. Hybridization of BglII dlgested 

genomic DNA from selected animaIs f"rom the two crosses wi th 

the l -A beta chain probes (Figure 3) detects a 4 kb fragment 

in al1 of the breedlng study anlmals (Hooded, PVG. r8, RTl. A-"'Y 

dlabetlc, RTl. ","/.-13 diat'etic, WF and F2 diabetic) and a 13 kt 

fragment ln the ACI anlma1s. Hybridlzation of these same DNA 

preparations Wl. th the l-E beta chain probe (Flgure 4) detects 

flve polyrne-rphlc fragments in toto. One of these, an 8.5 RD 

fragment is common to a11 the anlmals. Two, at 6 kb and 5. 1 

kb are dlstlnct for the breeding study an~mals whlle the 

remaining two at 10.5 kb and 4.3 kb are distl.nct for the DNA 

from the ACI rat. In our expenence, the 5.1 kb fragment 
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exhicli ts weaker homology to 1:he hybr~dlzatHln probe as 

compared to the otner fragments as i 1: does no't perSlst: after 

hlgh sT.nngency washes. The resul ts from t 19U1'eS .3 and 4 

demons1:ra1:e 1:hat aH the breed~ng s tudv anlmals t'eôl" the Puu t-'u 

haplotype at HT1. B beta and RT1.D beta and show no eVlGenCe 

for a recorn blnatl.onai even't ~ n troduced durlng the t,re-:::dlng. 

We have previously determlned that the r8 haplo1:ype t,e5rs an 

intact Rtl. Bu alpha cha~n and that there is no eVldence for 

recomb~nation at ttlat lc,cus in F:2 RT1.A-/- dlabetlc progenv 

from the PVG. r8 x Hooded creis S (S. J _ One,. unput, 1 lEhed 

observations) . In surnmary, the class l and II RFLI-' anaIySls 

of the genetic structures of selected animaIs from these two 

breeding studies demonstrate the successful tt'anEmlss~on and 

homozygosi ty of 1) the r8 haplotype in the RTl. A·'· d~abE:tlC 

anlmals ln the PVG. r8 x Hooded cross and :2) of the RTl'A 

haplotype in the RTl.A"'''''' dlabetlc anlmals ln the Hll . A,-,,,,,,-b ., 

WF cross. 

PHENOTYPIC CHARACTERISTICS Of' THE BRE1W1N<.; DATA. Ueta~le.j 

phenotypic analysl.s of the PVG. 1'8 x Hooded breedlng S1:udV fias 

beeî prevlously reported (14). For the HT1. r """.-tz. ;.. I-JF 

breeding s1:udy, the d~si:rlbutl.on of RTl A locus geno"C'ypes 

amongst the 94 F:": rats dld not dlff E:r from the exp.::.: ted 1.:':: 1 

ratio (30 u/u, 40 u/a, 24a!a). D~abetes developed ln 70f '~4 

F2 animals (7. 2%). Three clf the diabetic ammals typed u/u at 

the RTl.A locus. 

153 



DISCUSSION 

We and others have previously demonstrated that at least 

one 11. haplotype at the BB rat MHC is an absolute requirement 

for the development of spontaneous IDDH in the BB rat (8,9). 

To determine what regions of the associated HHC contribute to 

disease susceptibility and to address the mechanism by which 

the assoc ia t ed hap lotype con tr ibutes to d isease pathogenesis, 

we have performed breed ing stud ies t hat place recombinan t 

hap 10 types (ct and r.B') on to the BB rat genetic background. 

These recomb inant haplotynes bear RT lu sequences deri ved from 

BB-remote animaIs (10,11). 

We have previously reported the RTl. A serotyping of the 

F2 and backcross progeny from the mating of a PVG.r8 rat ta a 

Hooded rat (BB-derived, 14). The presence of RT1.As./a. 

diabet ic progeny demonstrated that the RTl. A locus is not 

involved in the IDDH association to the 11. haplotype. In this 

study, we present the class l and II genetic structures of the 

PVG. r8 and Hooded rat MHCs and demonstrate the identi ty of the 

MHC genetic struc tures from the PVG. r8 and RTl. Ae../a d iabetic 

animaIs. Analysis of the class II genes of the PVG.r8 rat and 

the R'I'1.Ae./a. diabetic progeny from this mating demonstrate 

that the R8 recombination occurred between RT1.A and RTl.B 

beta. The lack of evidence for a second recombination in the 

RTl. Aa/a diabetic progeny with any of the MHC probes used in 

this study demonstrates the successful transmission and 
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Table l compares the total whi te coun ts and the conA 

responsiveness between the WF x PVG r8 cross and the RB x 

Hooded d iabe t ic cross. The whi te coun ts were h igher in the 

(WF x R8) F2 non-diabetic animaIs (p< .001) and this was 

reflected in the slightly higher white counts arnongst the 

diabetic rats resulting from this cross although this latter 

difference was not statistically signlficant. The 

responsiveness to conA stimulation was not different in the 2 

groups (Table 2). 
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homozygosity of the ~ haplotype in these animaIs. 

In the second breeding study presented in this paper 

(where we m!lted an RTl.r8 diabeti.c animal with a non-diabetes 

prone WF rat) we identified diabetic progeny whose class land 

II gene tic stru ctures were iden tic al to those of the paren tal 

WF rat. Thus, we demonstrate that two independent BB-remote 

RTlu contributions can permit IDDM on a BB background. 

Recently, we have demonstrated that a third BB-remote RTlu 

(cl) is a Iso pe rmiss ive for IDDM when p laced on a BB 

background (S.J. Ono, T. Seemayer, R.D. Guttmann. A. Fuks and 

E. Colle, manuscript submitted). These results indicate that 

the IDDM susceptibility genes in RTlu map between RTl.A and 

RTl.C but are not unique to the BB rat. These results 

correspond ta those of Todd and cowarkers who have found that 

although susceptibility to IDDM in maps to HLA-DQ beta, no 

unique class II sequences are found exclusively ln IDDM 
, .. 

patients (15). Thus, in rat and man IDDM is not due to mu tant 

MHC class II genes but is likely restricted ta certain wild-

type c lass II a Ile l es. In con trast 1 t he NOD mouse appears to 

have a unique I-A beta subsitution at position 57 not found in 

any other published I-A beta sequence (15,16). 

In previous crosses where WF rats have been mated wi th BB 

rats, we have noted that the incidence of diabetes in the 

progeny is only slightly higher than in litters from crosses 

between BB and non-RTlu animaIs (17). This suggested the 

poss ib il i ty of an l DDM -l'es istance gene wi th in the MHC. The 
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identification of diabetic animaIs homozygous for the WF 

derived RTlu in the second breed ing study suggest to us that 

the pu ta t ive WF IDDM -res ist anee genes are 1 OC3 ted ou ts id e the 

MHC. 

We have previously reported that SB ruts and dlabetic 

rats derived from them have an immunoregulatory of2fect 

characterized by decreased number of total white ce11s, 

decreased total blood lymphocytes, decreased numbers of 

peripheral blood T lymphocytes, decreased responsivenl"ss of 

peripheral blood lymphocytes ta conA stimulation, decre3sed 

mi togen ic responses in mixed lymphocyte l'eact Ion. 3. dec reased 

ability to reject skin grafts and depleted I?opulations of 

lymphocyt es mal' ked by the monoe lonal an t ibod j es OX 19 and lho~Je 

directed against RTe, (18). Although the presence of this 

immunoregulatory defect is important in increasing the 

incidence of d isease, Like has reported the occurrence of 

spontaneous IDDM in non-lymphopenic rats with normal mitogenjr.; 

responses ~11 animaIs of the BB resistant lines (19) In the 

F2 studies which we have done, we usua11y note 1 or 2 diôbetir: 

animaIs wi th T lymphocytes or conA responses in the norma l 

range. This is true in the present study where 1 animal t-lith 

a total white count of 7000 and a conA response of 43683 cpm 

developed IDDM at 79 days of age. However, 8/7 d iabctir: l'aL:::: 

had conA responses of less than 18000 cpm. Thu~ lhe presenCE": 

of an immunoregulatory defect greatly enhances the lllcidencc 

of disease. It is pointed out that, as in other F2 sLudies, 
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c there- are many an imals (19/94) which have low conA responses 

but which do not develop diseascl, suggesting the presence of 

other genetic and/or environmental factors. 

In summary, we conclude that IDDM susceptibili'".y gene(s) 

map between RT1.A and RT1.C and that these genes are not 

unique te the BB rat. The ability of the WF HHC to permit 

IDDH further supports this conclusion and suggests that IDDM-

res is tance gene( s) are found ou tside the MHC. F inally, the 

immunoregulatory defect characteristic of BB-derived animaIs, 

al though not abso lu tely necessary for expression of IDDM, 

enhances the incidence of the syndrome. 
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Table l 

COKPARISON OF PHENOTYPIC CHARACTERISTICS IN TVO CROSSES 

Cross WF x RTl. r8't PVG. r8 x Hooded* 

(n=94) (n=82) 

x:t_sem x±.sem 

WBC aIl F2 l1863±.394 656l±.248 p::(.OOl 

cells/mm3 

WBC IDDM 7009±.699 565tJ±.1377 ns 

cells/mm3 

,", 

conA aIl F2 52403±.3804 64146~5628 ns ..,. 

cpm 

conA IDDM 7l24±.6098 12603±.~306 ns 

cpm 

age at onset IDDM 90. 8±.6. 8 lO1.2t7.3 ns 

days 

Male:Female 4/3 4/3 
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Table II 

PIŒNOTYPIC CHARACTERISTICS OF IKHUMOREGULATORY DEFECT 

IF 1 RTl. R8 DIABETIC 

C.Ql1A Respoose 

<18000 cpm 

>18000 cpm 

T.o..Ul. H..BC. 

< 7000 ce Ils/mm3 

> 7000 ce Ils/mm::! 
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IDDM+ 

6 

1 

4 

3 

IDDH-

19 

68 

10 

77 

Total 

25 

69 

14 

80 

%Total 

26% 

14% 

86% 



1 
FIGURE 1. Breeding Study I. Southern blot of the genetic 

structures of class I MHC genes in DNA extracted from the 

Hooded (lane 1) and PVG.r8 (lane 2) animaIs. Lanes 3 and 4 

were loaded with DNA extracted from diabetic progeny from the 

mating of the Hooded and PVG.r8 animaIs Lane 5 was loaded 

with DNA extracted from an AC! rat. Band a lS specifie fur 

the intact RTl u haplotype genetie structure (a falnt band st 

that position appears in incompletely digcsted DNA from the 

PVG.r8 rat but does not persist after extended digestion. Û.g. 

Figure 2 lane 2). Bands band c are speCIfie for the ....J.:.8. 

hap lotype . The an imal in lan e 3 se ra typed RT 1 . t\,:il/U and the 

animal in lane 4 RT1.Au/9.. The arraws ün the far 1eft are 

molecular weight markers correspünding tCl th.> fr3.gmt·nt~3 of 

HindIII digested lambda DNA. The genomic DNA samplcs werp 

digested with BgIII and hybridi=ed with random hexamer prlmed 

pH2IIa prob8 at a specifie activity of 1 x lOB cpm/ml. 
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1 FIGURE 2. Breeding Study II. Southern blot of the genetie 

structures of class l MHC genes in DNA extracted from a WF 

(Iane 1) and an RTl.Ml/a. diabetic rat (lane 2). Lanes 3 and ·1 

were Ioaded with DNA extracted from diabetic progeny from the 

mating of the RT1.Aa/a diabetic rat and the WF rat. The 

animaIs in Ianes 3 and 4 serotype RTl.Au/u. Lane 5 was loaded 

with DNA extracted from an ACI rat Band a is distinct for 

the RTlu haplotype, and bands band c for the ...L8.. haplotype. 

The enzyme and hybr id izat i on probe \Jere as in F igu re 1. 
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1 FIGURE 3. Blot hybridization of the I-A beta chain homolog in 

DNA from animaIs from the two breeding studies. Lanes 1-5 

correspond to lanes 1-5 in Figure 1, and lanes 6-10 currespond 

to lanes 1-5 in Figure 2. The restriction endonuclease is 

BgIII and the random hexamer l~beled 4].1 fragment. The 4 kb 

band is shared among the breed ing partners and the ir progE'IIY 

and is distinct from the 13 kb AC! fragment. 
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FIGURE 4. Blot hybridization of the I-E bata chain homolog in 

DNA extraeted from animals from the two breeding studies. 

Lane assignments are as in Figure 3. The restriction 

endonuclease i8 Bgl II and the hybridizatlon probe the random 

hexamer labeled 8.4 fragment. The 6.0 and 5.1 kb fragments 

are shared among the breeding partners and their progeny. The 

5.1 kb fragment shares less homology with the hybridl=ution 

probe than the 6.0 kb fragment as it does not persist after 

high stringency washes (data not shown). An 8.5 kb non 

polymorphie fragment is shared in aIl these animaIs The 16.5 

and 4.3 kb fragments are specifie for the ACI rat. 

1 
171 



• 
1 2 3 4~ 5 6 7 8 9 10 

j ~ 416.5 

':: .. < 

..;;1" ~lt>, ,}~ .'~~- ", ~. -' "l~ • 
, ~ ~ ~ .. _ v • 

. 08.5 

6~ .,--" .-. .... 
5.1 ~ 

<3 .~ 44.3 



.' 
~ In the previous chapter we determined that the RTl.A 
~, , 
~ 

l locus ls not involved in genetic predisposition for IDDM. III 
~ 
i , this chapter we demonstrate that the RTl.C locus 18 a]so not 
l 
~!' 

~. 
required for disease onset. Taken together, thes~ two 

, 

f ~ 
chapters indicate that the susceptibility determinants for 

, 
IDDM reeide within the immune respanse (clnss II) reglon of 

the rat MHC. In addition, this study identified a third 

source for a l.l. haplotype from a disease-free st.rain that could 

support the development of the syndrome. The mapptng of 

disease association to the immune response r~gion was rritical 

as the disease maps to the HLA-D region in man and the I-A 

locus in the NOD mouse. The consistent mapping of 

.' 
susceptibility determinant(s) for IDDH ta the immun8 response 

region in different species strongly suggest~ a sharcd and 

criticsl component for the pathogenesis of lDDM. On~ strjking 

feature of the diabetic progeny lacking tho U haplotype al the 

RTl C locus was the rare occurence of insulitlS (infiltration 

of the pancreatic islets by inflammatory ~ells), a hallmark in 

the pathology of IDDM. These experiments, then, mu~ a geno or 

genes required for insulitis ta the rcgion correspondlng ta 

the Qa/Tla region of the mouse HHC (H-2) or in linkage 

disequilibriurn with that region They a130 suege~t that 

insulitis may not be a necessary regulrement. for IDDH, 

prompting a second look at existing hypotheses on the 

pathogenesis of IDDH. 
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CHAPTER FOUR. 

ASSOCIATION OF SUSCEPTIBILITY TO SPONTANEOUS DIABRTES HRLLITUS 

IN THE RAT WITH GENES OF THE MAJOR HISTOCOMPATIBILITY COMPLEX 

This chapter has been published in Diabetes, 37:1438,1988. 
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ABSTRACT 

The pres'?nt study was designed to map the diabetes 

susceptibility gene(s) associated with the rat major 

histocompatibility complex (MHC), RTl. We have crot;sed 

spontaneously diabetic male rats bearing the recombin3nt RTl rfl 

haplotype with female rats of the ACr 11'4 congeni~ slrain. 

Three diabetic rats were determined ta be homo:ygous for the 

cl hap lotype by serotyp ing. T he absence of recomb HW t j un 

within the MHC was determined by analysis of restriction 

f r agm e n t 1 en g l h pat le r n S 0 f the dia I:ï e tic Go n i mal s ~ n li the 

parental strains. This study, ln conjuflction with previou'" 

breeding studies, maps the diabetes susceptibility gene(s) ta 

the right of the RT1.A locus and to the 1eft of the RTl C 

locus. A low incidt~nce of diabetes in the F2 (4.5%) 

emphasized the multifactorial nature of the suscepllbility 

The presence of depressed reSron31V0ness of perlphcrnl bluud 

lymphocytes ta concanavalin A stImulatIon increases the 

prevalence of the overt disease. An un'Jsuai feoture of tlw 

diabetic syndrome in this study lS thr: sparse or absljnt 

pancreatic lymphocytlc inflammatory responS8 with trlle 

insulitis being 3 rare finding. 
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IflTRODUCTION 

The major histocompatibility complex (MHC) is a group of 

close ly l inked lac l t ha t code for ce Il su rface glyc oprote ins 

that play a major rolE: in the specificity of antigen 

recognItion. ~lass l antigens, 44,OOO--Mr membrane-bound 

glycoproteins bound by noncovalent linkages to beta2 

-microglübt.:lin ltlolecllles erlcoded on a different chromosome, 

are present on most cell" of the body. The·sc molecu les 

restrÏl:t antlgen recognItion predomin3ntly by cytotoxic T 

cells. Class II antigens, consisting of two membrane-bound 

glycoproteil1s, and alpha-c:hain of 31,000-34,000 Mr and a beta--

chain of :6,000 2!),OClCl 1'1)" are present on 8 lymphocyte8 and 

other celis of the Immune system that present anti.gen to 

regulaLury T Lells. Class Il products restric:t antigen 

recognition predominantly by regulatory T cells 30th class l 

and class II products are cl-::ldomir.antly exprcssed. 

There 18 considerable homology Qf the gene products of 

the MHC region betHEOen species However, the organ ization of 

the comp l ex is not al ways the same The organi=ation of the 

rat MHC, designated RTl, is slmilar to that of the mouse in 

that the class II loci (B and D) are flanked by the class l A 

locus and the class l E locus. A third region of Class l 

an t igens, the C locus, is separa ted frOID the E locus by a 

region which governs sorne aspects of growth and development in 
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the rat. This C locus may be homologou8 with the: Qa/Tla 

region of the mouse The A locus i8 identified by serotypillg, 

the E/C loci have been identified by graft rejel'LI\ln ~lId HP.3k 

alloantigenic reactions. The FTl Blocus is he·mologolls wlth 

the human HLA-DQ region and t~e mouse I-A r~g10n Th.:, I\T 1 . [1 

locus is homo logous to the human HLA-DR raglon and t hl:' mous,"> 

I-E region (1). 

Previous breeding studies by our':::elvcs (:2) 3.nd (AIH'l'S C;":) 

have shawn that the presence of at least one u haplotype of 

the rat RT 1 reg ion i san e ces S i1 l' y, th 0 u g h nt) t su f fic i t' 1 il , 

conditiun for the development of the r~pont3nc'uu:::; in::;ullll 

dependent dlabetic syndrome. Using 1'3tS b"3rillg th,} RTlrA 

of the c las s lAI 0 eus i sn'.) t nec es s a r y f (1 r :0:: U S r. (' p t j b l 1 i L Y te) 

the development of spontaneous diabl2tes :15 long 3.~_ the- ~"nt?s 

t 0 the r i g h t 0 f the A l 0 eus cod e f c) r the p e r mIS ::-d V f' U ~)] 1 l: 1 (. :=; 

(4) . In the present study, wc have cros:::;ed th,·"..: dLJbcLil' 

rats which are homozygous for the RT1 rO haplutYPE with r~ts 

bearing another RTl recombinant haplot.ype. the 8~'lr-:1 

(RT1.AuBuD uCa ) haplotype, ta determine if the diaber if. 

susceptibility gene(s) map to the left of the ~ rcs:;ioll of the· 

RTl. This appenrs to be the casp Slnce homuzy,r.ous r_4 :::111 im~ll~: 

were found among the diabetics. The animaIs rG~ulLing frnm 

this cross are of future lnt.erest because, dr"'::':;PJte th,· 

presence of the immunoregulatory defect ~een in other diab0tes 

prone animaIs, the pancreas prior ta and 3t the onset Qf 
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diabetes is almost devoid of lymphocytic infiltration and 

frank insulitis is a rare finding. 
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MATERIALS AND HETHODS 

BREEDING. 

rats homozygous for ~he RTlre haplotype has been aes~rlbe~ 

(4). 8rlefly. thev were tne result of a crees tetw~~n mll~ 

Hooded diabetic rats (RTl.A'-4S""OU) from the uttawâ col·:,nv ôr.oJ 

Butcher and J.C. Howard, Camt·rldge: Unlve!~slt·;, LI F l!::.) 

Diabetlc rats hom·:,=v.s':'us f':,r the !Sc:.. haplc,type were bre,j Wl tll 

r8 homozygous littermates te, estét·llEn a llne oi Hl'lr'J 

diabetic rats. We used dlabetlc males homozygous for !hlE rH 

haplotype to mate with a female ACl.l'·'" (I{T1.A'·"ë"Uul,.'.,. b). 

Elght FI anlmals were lntercrossed to proGuee Ils F~ anImaIs 

In addition, an Fl female was backcrossed to a dlabetlc mal~ 

homozygous for the r8 haplorype to produee the flrst BC 

generation (BC1). The single heterozygous (r4/1'8) dlobetic 

male from BC1 was then lntercrossed Wl th 2 famale heterozvgç'lIs 

littermates to produce the first lntercross of the backcroEs 

(BCIC1) , Finally, a heterozygous (r4/r81 dlabetlc male of the 

F2 was mated with a homozygcus li~termate (r4!r4) to produce 

two Iltters of F3 anlmals. 

Rats were housed thre to a cage and were welgh-::':d tWIC02 

weekly. Anlmals WhlCh falled to galn welgnt betwe~n w81gn1nge 

were tested for glucosurla. 8100d glucose values ot ) lb b 

rnmol!! confirmed tne presence of lnsulln-dependent d1aoetes 
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mmol/} confirmed the presence of insulin-dependent diabetes 

mellitus (IDDH) Diabetle animaIs were treated with protamine 

zinc insulin. AnimaIs were killed at 160 days. 

ANTIGEN TYPING. AnimaIs were typed for antigens at the RT1.A 

locus by serotyp ing us ing monospec i f i.e a 110an tisera as 

previously decribed (7). AnimaIs with the RTl rB haplotype 

typed il a t. the A locus; an ima 18 wi t h the RT1 r4 hap la type typed 

u. at the A locus. In addition, we bled aIl rats at 70 te 80 

days of age and determined the total white count in a Coulter 

coun ter Final1y, we used 5 x 106 peripheral blood 

lymphocytes to test responsiveness to 2.5 ug concanavalin A 

(conA), as previously descr ibed (4). 

PATHOLOGICAL ANALYSIS. Pancreatic tissue was taken either at 

the time of autopsy at 160 days or by biopsy, as previously 

described (7). Briefly, tlssue was taken from the tail of the 

pancreas except as noted in the text. The tissue was fixed in 

Bouin's solution and twelve step sections froID each block were 

stained wi th hematnxyl in-phloxine-saffron. Insulin and 

gluc:agùn were identificd by an indirect immunoperoxidase 

method, RS previously described (8). AlI sections were read 

coded Hithout knowledge of the clinical status of the animal. 

DNA PROBES. For restr iet ion fragmen t length po lymorp hism 

(RFLP) analysis of class l genes we used a 248 bp PstI 
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r fragment from the class l Balb/c cDNA pH2IIa as h~rbridi::ation 

probe (9). A 6 kb EcoRI fragment from cosmid c leme 41 1 wns 

used to detect the l -A beta chain homolog ;Jnd a 1.::; kb RamHI 

fragment from cosmld clone 3.4 ta deteC't the I-E bet3 L'h::tin 

homolog (10) Sheared. uGnatured rat genomic DNA was addE·.j III 

the prehybridization solution (at a conC'entration of .s Llg/ml) 

prior to hybridization with the bf-.'ta·chain probes tlî mask 

repeti t i ve e lemen ts in the b lot ted rat DNA th:ü cr 0:"::::; 

hybridize wlth repetitive elements ln the beta..-L.hain probes. 

AlI of these probes were the kind gift of L. Hood, California 

Institute of Technology, Pasadena, CA. The.:;e DNA prnbe~; 

derived from the mouse have previously been succe.::sfully llsed 

by us and by others (1,8) to examine the corresponJing 

homologs in the rat. 

DNA EXTRACTION AND SOUTllERN BLOTTING. High moleclllar wl:ight 

DNA was extracted from spleens removed from ether- anestltesized 

an imals. SpI e en s we r e f i r s t min c e dan d the n for I~ e,j t h r 0 u ft h n 

wire-sieve using a glass plunger. The resultillg l',d 1 

suspension was then diluted HilmI phrJ2phate bufferE:d srll ine 

and 10 volumes of 0.5 M EDTA (pH 8.0), 100 ug/ml [Jroteinase K, 

and 0.5% Sarkosyl. This suspen.3ion was then ly:;:.ed ()vl-'rnl~hl 

in a 55 C -water bath. Nucleic acid was then exLrDcted from 

proteins by three phenol ext.ractions (equal v,;}urnr: r-.herlrd), 

two phenol/chloroform/isoamyl alcohol extrôctions, alld twc. 

chloroform extractions. The nucleic acid was dialyzed again:.=:t 
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-1 4 liter::: of 50 mM Tris-HCI (pH 8.0). 10 mM EOTA, and la mM 

NaCI wi th several changes. RNA was then removed by treating 

the nucleic acid preparation with 100 ug/ml RNase at 37·C for 

3 hours followed by a phenol/chloroform extraction. The ONA 

was then eguilibrated by extensive dialysis in 10 mM Tris-HCI 

(pH 8.0),1 mM EDTA. For Southern blott1ng, 20 ug of DNA was 

digested to completlon by two incubations in the restriction 

endonuclease BglII at a concentration of 3 units/ug input DNA. 

The di gested DNA was then concen tra t ed by e than 01 

precipitation using ammonium acetate and resolved on 0.8% 

agal'ose gels for 24 hours at 40V in 0.4 M Tris acetate buffer. 

After ethld iùm bromide staining and photography, the sepal'ated 

DNA was transferred to Zeta-probe membranes (Biorad, Rockville 

Center, NY) by Southern blotting (11). The blots were 

preannealed for 16 hours and then hybridized for 20 hours at 

47·C in a solution containing 50% formamide, 5 x sodium 

chloridej sodium citrate (SSC), 0.04% Flcoll, 0.004% BSA, 

O.004~' polyvinylpyrrolidone, 20 mM NaP04 buffer (pH 6.5),0.2% 

denatured salmon sperm DNA/Rll, 0.1% sodium dodecyl sulfate 

(SOS), and 10% dextran sulfate. The filters ~.(ere then washed 

2 x 1~ mInutes in 2 x SSC at room temperature, Z x 30 minutes 

in 2 x SSC, 1% SDS at 55·C, and 2 x 1 hour in 0.1 x SSC, 0.5% 

SDS at 55 C. The filters were exposed ta Kodak XK-l film with 

DuPont Lightning Plus intensifying screens at -70·C for 10 to 

48 hours. 
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STATISTICAL ANALYSIS. Da~a on total wh1te countE and conA 

responsiveness were analyzed uSlng one-wav analvsls oi 

var1ance lSPSS, Inc. Ch1cago, lL). 
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RESULTS 

The distnbution of genotypes in the F2 populat~on dia 

n·:."t dlff er from the e:xpec"ted 1: 2: 1 rat.E· < Tacle 1). The 

overall 1ncidence of diabetes ln the F2 was 4.5~. The rnean 

age of onset of dlabetes was 1:::1 days. In the F::: trlere was 

one dlabet.lc animal homozygous for the HTl r4 lRT1.AY ) 

haplotype (Table 1). 

diabe:t1c animaIs, one in the intercross of the backcross and 

one: ln the: F 3 which typed RTl u/u at the A locus. Res"tr1ction 

fragment lengt.h patterns demonstrated that these an1mals were 

( ldentlcal wi th the: AC l .1 r4 parental stra ln and thus rulea c·ut 

the poss1bl1ltV of a recomblnat.10n Event. in these anlmals 

tFlgure 1). Lane 3 is from a ~VG.r~/ACi.lr4 diabetlc 

heterozygote, lane 4 frorn a diabetlc r4 homozygote. The 

absence of bands a, d. and e ln lane 4 clearly show that this 

lS a r4 homozygous anlmal. Conversely, the presence of all 10 

bands in lane 3 indicate that this is a r4/r8 heterozygote. 

The identltiy of the patterns seen with probes hvbrldlz1ng 

with the Band D loci (Flgures 2 and 3) conflrms that the r4 

haplotype is Indistinguishable from the r8 haplot.ype at the 

class II loci and that the recombina tian in the r4 haplotype 

maps to the rlght of the reglon codlng for class Il products. 

r The patterns for these two haplotypes (r4 -and r8) which are u 

.. at the class Il reglon are clearlv differentlated from the 
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1 class II .a. pattern of the ACI strain. 

F2 rats becoming diabetic had lo~ .. er tot31 whi te counts 

(6052±.1171 (SEM) vs 9289±.265 cells,'mm 3 ) and lowcr respnnses of 

peripheral blood lymphocytes to conA stinlu13.tlon (1~856.±A671 

vs 34886+2748 epm) than d id nond iabet ie rats. 

We had histologie material on 150 of the 16'1 non diabolic 

littermates. Nine animaIs (6%) showed pancre:1tlc lymphocytlc 

infiltration. When present, the infiltrate was very sparcc 

and was often located within the aeinar tissue. T Ü~SllC' was 

available on 7 of the 8 F2 diabetics. In two animaIs tissue 

was taken within 1 week of deteetion of diabetes, in the 

remaining 5 withjn 2 days of detection. We saw infiltration 

of islets with mononuclear cells in only 2 animaIs biopsled (ln 

the day of detection. In the others we saw ei UH:r islcts 

which were fair ly large, densely eosinophl1 ie, :md (umposed 

entirely of celis staining for glucagon but not for insl11in 

with immunochemistry (Figure 4) or disintegratinr, i81eLs with 

on ly a l imi ted inf lammatory response in the surrfJuna lng 

tissue. We worried that the proces!'; had already p3.ssed the 

tail of the pancreas, which js our Llsual site of ti~-;SLlC 

procurement, 50 we killed two animaIs on the day of detection 

of diabetes and obtained tissue from bath head and tail. The 

histology was similar in the two reglons In t he Be 1 

d iabetic, tissu e was obtai n ed 30 d aye after d etect ion and 

showed islets containing only glueagon without inflammation. 

In the remain ing three BCIC 1 and F3 an imals the h i8 t.o l ogy 
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( examined on the day of detect ion was simi lar to that seen in 

the F2. In one of these animaIs we had a biopsy taken 30 days 

prior to detection which was devoid of inflammatory cells 

(Figure 5a). Sections taken at the time of diagnosis revealed 

a few lymphocytes surrounding the ductules (Figure 5b) and 

du-;torted islets containing cells staining only for glucagon 

(Figure 5c) _ Thus, a true insulitis was seen in only 2 of the 

10 diabetic animaIs in which tissue was available within one 

week of detection of disease. 

( 

if .. 
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DISCUSSION 

Previous stud ies in the rat have ind i c ated an 3SS0C la t ion 

between the gene products of the rat MHC regiol1, RTL ::md lhe 

susceptibility to the davelopment of spontaneous diubetes 

(2,3). We have previotlsly shown that the genes of the A locus 

are not necessary for this susceptibility (4). The present 

study shows that genes in the C region and to the right. of 

that region are a1so not required for suscepUbility. Tho 

RTIC gene products which have been àetected by indudng 

subacute or chronic skin graft rejection are bloc'hemically 

similar ta class r antigens (12) The genes located at RT1.C 

cross hybridize with mouse cDNA probes for dat;::; l genes. 

However, they d iff er from RT 1 . A dete rm ined c lass l an t igenr; in 

that they have a more limited tissue distribution, ::lppearlng 

predominantly on Band T lymphocytes and subpopulations of 

maerop hages (13). The RTl.C region appe3t'S to be mllèh 

"longer" than RT1.A, in that about 80% of restriction 

fragments revealed by hybridi.zation Hith class l MHC probes 

can be assigned to the C locus and 20% to thl~ A locus (1:3). 

The RT1~'4, or RU haplatype was decribed by Kohoutov8 .~t al. 

(6) on the basis of weak skln grl.ift rejection. l'fcJl'8 r8cc>nLly, 

Gunther et al. have reported differen~es in the RFLP patt.ern;; 

which distinguish thJS haplotype froID bath the U. and thF.., a 

haplotypes (13). However, the exact site of the recombinaLlfJn 

187 



1 event i3 not known. Gill has estimated the distance betwcen 

RT1.A and RTl.C ta be 2-3 cH (1). 

AlI of the genes encoding the class II MHe products are 

between the RTl.A and RTl.C regions, and thus the occurrellce 

of IDDH in homozygous cl rats is fully con:~:;jsteTlt wi.th litt" 

hypothesis that the class II products confer dis8nsc 

susceptibility. This is ag1'eement \-lith stlldies in Hhil'!l the 

mitogenic response to islet antigens of T-cell clonps isolatprl 

from the' ancreata of newly d iabetic rats can be ~\brOlo~ated by 

antiserum directed against the claes II gene products (14) nnd 

with experiments which showed a decreased incidt"nce of 

diabetes in rats treated with anti--RTl.Du anlisera (15) 

This stlldy a 1 sa pr ov ides evid en 1:;:: tha t the rCI;IJmb ifla L j l-,n 

event in the RTll.'4 haplotype le, in fuc;t, to thp nght of tlle 

Band D regions sinee no diffE::rences in restl'lctio[\ fr:::tgmonl 

length polymorphisms wer~ sc en wh en DNA fl:om the r1 éJnd the .rJi 

haplotypes were cornpsred wlth probes recognjzlng the 1 A bpLR 

and I-E beta chain homologs (RT1.B beto. anè r~TLD bots, 

respectively) . 

In addi;;ion, this study demonstrates that th() regjon 

between RT1.A and RT1.C frOID yet another l.l haplotype can 

confer susceptibllity to IDDM, since we t13ve previou:::;ly :-;hUi-lll 

that not only the u. haplotype from the BB rat stnlin, but 01:::0 

that from the standard inbred Wlstar Furth and thDt From th8 

PVG.r8 (originally derived from the AD strain) arc a]~0 

permissive for diabetes. 
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The incidence of diabetes W8S the same as that which we 

have seen in other F2 studies (4.5%). In general, the 

animaIs, baU. diabetic and non-diabetie, had lower canA 

responses I)f their PBL than did the animaIs in other F2 

studiefJ. However, the animaIs which became diabetic had canA 

responses s ign i f ican t l y lower than those of non -d iabet ic 

an ima 1 s. 

An unexpected finding in this study was the minimal 

lymphocyt ie in fil ira t ion of the pancreas. In previous P2 

studies we have noted i.nfiltration of lymphocytes in the 

pancreas of a significant number of the ron-diab~tic 

li t terma tes of d labet ie an imals. The most commonly 

eneountered leGion is the periductular infiltrate. Even in 

« the end-stage pancreas It is not uncommo~ ta find, in addition 

to the typical shrunken islet, persistent foei of lymphocytes 

around ductules. We have previously :"eported a prevalence of 

this lesion of 10% in 83 F2 nan-diabetics in a (Let,ds x BB 

cross) at 120 days (2), and in 32% of 101 non-diabetic PZ in a 

(Buf x SB cross) at 65-90 days (7). We have unreported 

prevalenee figures of 2G% for the F2 an imals in the (Hooded 

diabetic x PVG.r8) cross at 160 days (4). Thus the prevalence 

of 6% of non- di abetic F2 an imals in the presen t study is the 

lowes t we have seen. We recognize that the focal nature of 

the inflltrates makes any estimate of their prev3Jence a 

mInimal one. HOHever, since the sampling technique is the 

same in each study, the probability of finding such lesion8 in 

f 
" 
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1 
the 12 sections winch we rout .ely e:-:ômlned from each anImal 

w1ll be h1gher ln those ra~s wItn ~he most wldespread process 

Because thlS flndlng was w.ne::pecte·j we alO neot hêlve 

blopSles on mOEt of these anImals at an age prlor to the 

expected age oi onse~. ~owever. bl0pSIes done on ~he aay Ot 

aetectlon or ShorT..ly t0ereaityer also ha,j an êI"tt.enu5t.:-:.] 

inflammatory response. We h~ve report.eo that when the 

pancreas lS examlned 1-.3 days post.-dete:tlon l:1o.h'nucle.=..r c-::lls 

were documented in sever~l lslets of each anlmal as weIl as ln 

the: perl, 1ctal regl.on (8). ThIS contl.nues to be our 

exper ience . Recent studies uSing BB?Ottawa rats m31ntaln~d 

and detected according to the same protocol as the anImals ln 

this study show a true inflltratlve 1nsul1tlS ln over 7~% ot 

cases biopsied W1 thin a few days of dete-:.t10n. In the r4 x rt:!. 

cross, mononucl~ar cells within lslets were seen ln only 2 ot 

the 10 animaIs ln WhlCh t1ssue was ôVôllable wlthln 1 wee~ ot 

detection. In the other 8 rats the bIopsIes conta1ned 151et5 

which consisted eIthe:r of d1slnte:gratlng cells or of cellf 

staining only for glucagon w1th a IlmIted 1nflammatory 

re:sponse ln the surroundlng tlssue. Th1S plcture lS 

sUfflCiently at var lanCE: Wl th our prevlous e:·:per Ience te. se'?;n\ 

wor~hy of note. We recognlze that we rnav have m~ss~d tne 

florid insulitls because of timlng of the hlstologlc 

exam1natlon. For thls reason, ~n a few ot the last I1tters ct 

the study we did perform blopsles of the anlmals at 73 days 

The one rat of the biops~ed group which developed dlabetes had 
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a normal biopsy 30 days prior ta detection and only a minimal 

infiltrate in a pancreas with degranulated islet ce]ls at the 

time of destruction. 

Since the pancreatic lesions were similar in animaIs with 

aIl three passible RTl genotypes of this particular cross it 

is unlikply that genes within the B/D/E region are responsible 

for t he a t t el.'la ter:! inf lamma tory response. It is more likely 

thal other genes in the ACI background strain are modifying 

the immune reaction. We have data from an F2 study of an (ACI 

x BB) cross (unreported because of breeding difficulties which 

faileà to generate sllfficient numbers of animaIs) in which 

only 1 of 32 F2 animaIs had any type of pancreatic 

infiltration. 

Theze observations are clearly rreliminary. Breeding 

studies, including the backeross of the complete diabetic 

phenotype onto the ACI.u congenic line, which pe hdve 

developAd, are in progress. Furthermore, we are not 

suggestlng that the milder inflammatory 1esion means chat the 

dlsbetic process in these animaIs is not immune medlated. In 

this regard the reeent utudy ot Haynes et al. (16) is of 

interest. They demonstrated that the presence of L3T~ 

(helper/inducer) cells was necessury for the developruent of a 

virally Induced diabetes in BALB/c mice (a model in which 

thymie dependant meehanisms are important) even though the 

histologie picture shows degranulation and necrosis of islets 

without lymphocytic infiltrates. Thus our findings raise t~e 
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1 possibility that, even though the triggering of beta cell 

destruction may be immune mediated. there may be strain 

specifie differences in the degree and extent of the 

subsequent Inflammatory respon3e. 

ThllS, the data presented mars the RTl asso\~iated diahete:; 

susceptibility genes to an area to the right of the clas~ T 

RT1.A locus and ta the lcfi.. of tht~ RT1.C locu~:;. The lOH 

incidence of diabetes in the F2 generation is slmilar ta that 

seen in other studies, again eruphasi~ing the multifactorinl 

nature of the susceptibility ta IDDH. The presence of 

depressed responsiveness to conA stimulation increaces the 

prevalence of overt disease. ~n unusunl feature nf lhe 

diabetic syndrome in thlS study JS the sparse or absont 

pancreatic lYlllphocytic inflammatory respûnse with a trlle 

insulitis being a rare ovent. 
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TABLE l 

~QtYbes ~ AnimaIs 

CrQS~ Number RTl, A Locus 

u/u u/a a/a 

(r4/r4 ) (r4/r8) (r8/r8) 

F1 x F1 AlI F2 175 50 78 47 

(u/axu/a) IDDM F2 8 1 5 2 

( 
Fl x r80M AlI BCl 11 8 3 

(u/axa/a) DM BÇl 1 1 

BClxBC1DM AlI BCICl 34 7 18 9 

(U/'ixu/a) DM BCICl 2 1 1 

F2 x F20H AlI F3 10 6 4 

(u/uxu/a) IDDM F3 1 1 

t 
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FIG URE 1. Sou the r n bIG t 0 f the g e net 1 C ::; r r 11 d li l' t' SI) f 1.] as; 

MHC genes ln DNA ext.racted from the PVG. r~3 (Inne 1) ~tnd 

ACI.l r4 (lane :n anImaIs. Lanes 3 and·1 were lÙ3.t\t=·d Hith flN!\ 

extracted from diabetic orog •. my from the mating of lht: pvr; rtl 

(dlabetic) and A(~I.l1'4 animals. Lane ~I was loadt':.d wlth DNA 

extracted from an ACI rat. The bands labeled a-e ;-\1'1' :;p(>,·lf'i,· 

for the I.E. elass l MHC genetic structure and th,:.sf' bbelpd f j 

are specifie for the cl cla~.s l HHC rl"'strlctl0n fr<3gment 

pat ter n . The Cl. r r CI W son the far l e f t 3. rem 0 ] (> C Il l ~ r ~ll: i J'.j h 1 

markers corresponding to the fr3.gments of HH1'iIII dlgestf·d 

lambda DNA The DNA Has d i.ges t ed 1-11 t h I3g Il l ::.rnd hyb ri ci i::.-·d 

with random hexamer prlmed pH2IIa probe wlth a :::"pE:r-lf'}(· 

activity of 1 X 10 6 cpm/ml 
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FIGURE 2. Ble,t hybrldi=at.lon of the l-A bet5 chaHI horneol':'g ln 

DNA from animaIs from the ACI.l r4 x P~G.rE matlng 

assignrnents are as ln Flgure 1. The restrlctlon endonuci~3~e 

is BgIII and the hybrldizat.lon probe the random he:·:amer 

laceled 41.1 fragment. The 4 kb band 18 snared arne,ng the 

breeding partners and thelr progeny ana is distlnc t troll' the 

12 kb ACI fragment. 
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FIGURE 3. Blot hybr id iza t i on of the l -·E beta c ha in homo log in 

DNA extracted from animaIs from ACIr4 x PVG r8 mating. Lane 

assignments are as in the previous figures. The restrIction 

endonuclease is BgI II and the hybridi~atlon probe the random 

hexamer labeled 8.4 fragment. The 6.0 and 5.1 kb fr3gmcnts 

are shared among the breeding partners and their progeny The 

5.1 kb fragment shares less homology with the hybridi=ation 

probe than the 6.0 kb fragment as it does not persist after 

higher stringency washes (data not shown). An 8 [) 1:0 

nonpolymorphic fragment is shared by 011 the anim31s. The 

16.5 and 4.3 kb fragments are specifie for the ACI rat . 

. , 
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FIGURE 4. a) Pancreatic islet devoid of cellular infiltrate 

(hematoxylin-phloxine-saffron, x400). b) Islet staincd for 

glucagon (indirect immunoperoxidase tec-hn igue, x400). c) 

Islet stained for insulin (indirect immunoperoxidase 

technique, x400). 
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FIGURE 5. a) Normal islet from an imal 30 days prior to onset 

of glycosuria (hematoxylin-phloxine-saffron, x200) b) ~,can t 

periductular mononuclear cell infiltrate (hematoxylin -phloxine 

-saffron, x400). c) Distort8d islet devoid of mononucl(>ar 

cell infiltrate (hematoxylin--phloxine-saffron, x400). 
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The experiments described in the preceding chapters 

locali::ed the susceptibility determinant(c) for IDrH that :-11'\' 

encoded in the 1J. haplotype l)f the MHC to the immune rf'::.-;pun:;c' 

region. They also df"llWnstratf'd that the::,':- .jf-terltllnClnts \.'8.11 

act in a dominant fashion in the context uf ut 11"1' ,il'"t"a:::;~"" 

promût ing gen es and appropr ia te envi r onmc'n t.a l [:le' tors Thl' 

experiments indic:::tte that the ~llsl'eptitlllty dc.>tt::rmj/lant ~~ 

within the immune response regiol1 are not uni'~lle :'0 tlIL' lJ 

hapIoty~e of the BB rat. Genetic m:::tpping e;~p~'rjlllt:nt::: in nl"U~'::l=' 

man and rat have shawn that the ganes 0nc0din~ th~ elBs~ II 

antigens of the HHe: :::tre loc~tted within tht.: immun.:- rt·sp.:.n",''> 

region. Indeed, ~articular alleles of the cl:::ts~ II ~ntigfnF 

are h i g hl yen rie he d in t h 0 s e fi r e dis Pl)::; e d f c, r Cl tl t Cl i m iTl LI n j l Y j n 

general and IDOH in particular, 1 t i::; st i Il un r:.. l 0 ~ll', 1:" \ri' • '/ '. l' • 

what the significance of this association l~ i:~ 1.'=-:l'l'I;;,-f th., 

molecular basis of disease pathogenesis. The B(·tta;_::" 

labùratory bas suggested that tht:· a;;s(jci~JUcl1 (,f ~\~lt(Jlmr.I\.lr,t 

dis e a set 0 c la s sIl an t i g e r. s mi g h t r e fIe c t u-.. .:: ab e r r ;lT 1 t 

expression of the,"€: antlgen.o: en tr..: L:ll'gc-L .: ... ·1 ~, j, 'e, t LI' 

pancreatic beta celi ir. IODH, 

an3.1y:::ed the expressior. of Hile ar. tigens and eCf;f<:; 1 n j h,' 

pancreata of prediabetic and newly diabetic rot8 
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CHAPTER FIVE. 

INSULIN-DEPENDENT DIABETES KELLITUS IN THE BB RAT: 

ENHANCED MHC CLASS l HEAVY CHAIN GENE EXPRESSION 

IN PANCREATIC ISLETS 

This chapter has been published in Diabetes, 37:1411, 1988. 



ABSTRACT 

M 0 d u lat ion i n lU a j 0 r h i s t 0 ( (,dll pat .i b j lit Y c () nlL= l c' x (M li ',' > ~ l'" Il f' 

expression correlates with the inflammatory l'cQ,::;ti'Jl!::: that 

occur during graft rej ... -ct::,ol1 ::md Gut.:.ilhllIUllt) ,jl~-;': 3:-:t·. hIc 

analyzed the expression of c 1388 1 and 1 l MHC genL',-:: :i n Lllc' 

pancreatic islets of prediabetic and newly diabetlc CD rats by 

immun~chemistry of tissue sections and northorn blotting of 

RNA extracted from iso1ated islels. 

enhanced leveis of MHC class l heavy :h::dn RNA :..Ire [Ire:::;ont ln 

pancreatlc Islets priar to overt ir.fl,lmmatiol1 3:1d the un,;€), ,,1' 

insulin-dependent diabetes mellitus nDN1) in the 

spontaneüusly diabetic BB rat. IlIlmur.oln::,tochem1:al ~HI:11Y,~l--; 

reveal:::; enhancpd c13s:::; l ant.:.gon expression thl'(Jughout t:lf' 

po.ncreatic islet.:; of r.ewly diabetic anilT.,J~_' uut rll) illdu(! 1'1:1 

of class II antigcn on any endocrlne I..tIIs withJfl tht 1:10' 

Varying degrees of inflammat'.HY infiltl'utF: ::nc (,~'::,d<:,'d III ',!." 

sections exhibiting enhanced cla:::;=:: 1 antif'>:n ';q r'-";_l"fl (Ir cl, 

nearby seriaI zectiol1z. 

restrL:t:'on flagm('nt length polym,Jrpl.l:::;m cr ampllfhat l' n ,.!f 

the endogenous c lass l heavy cha in &;811':;-::: 3" -;"mi J r,-,.:· t:. 

of seroidcntic3.1 dise33e··resi:::tant 'Ni~'_3~' Furt!: :~,~~, 

I-E alpha hyLridi:.:ing RNA appear Ih:. ~_ b J"l,.)t t" '.J'.' .l'~, 

dia b ete saI th 0 u gr. con Uj ID i t::J nt l Y w i th T ' .. :, l l l' ~ C '-' iJ t ,:; 1 ~ , '.' t ri 

J 
210 

, 

l 



• , 

( 
chain and gamma-interferon gene hybridizlng RNA and after MHC 

class l heavy chain RNA enhancement i8 observed. These data 

indicate the possibllity that enhanced clas3 l heavy chain 

gene expression might play a role in the progression of IDOH. 
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INTRODUCTION 

MHC cl:3.ss l sntigen3 3rt:: cell .::;ur[a~'e ~ly":'q;r, tt·in~~ tll,ü 

serve 3S rec:obnitlûn :::tructure.::: for cytotoxic T ~ymj'h,1l·yt.-·,-; 

( 1 ) . MHC' class l antigt2n:: are t;.:;ccmti:.1l1y uLn juit :"J'~ly 

expressed althQugh their concentratIon 'JIl differr::nt eel! t.Yl·L'~·. 

varjes widely (~). 

of MHC class l antigen on a target cclII"=' an impi.l't:I:!t 

to the immune system. First, thert:. ~lre ln\:l'e:\.:::ir!t; clat:l thtt 

transformed cells appf'dr to expres"' v""ry low ltv,-,],: ,:,f Mlle 

class l antigen (J). The S E: c 8 l l s a rf h i g h l y In f't :-1-' t:1 t i '. a Il i 

are presuffiJ.bly able to (".radc imnlunc :.;urvc':'ll Jr. l' /1. lll:m~'l'r 

labor3.torio::: h2VC :::hJwn ~h3t manÎj:lulatlofl of cu' h ,-e J L~ JJI 

8nhance MH'~ ': 1 a:=';8 l gene 21:pre:=.:sion e i th", l' by t1'8n::f(. t 1 'fi lOf 

an additional clss;:" l ge-nt:: Cl by inducti,:,n :nth ~;1n,r.:1 

interferon abrogates their tumorlgenic it.y and mf't~r;j "Jt 

potential (4,~) Second, sites of allogrnft reje f j ir'n '-n 

au toi fi m une r e a c t ion s h n v e b e e n ri ,j C umE: ri te J t (j c :d, ~ ~. l ; 

enhancement of class l gene 8xpres~iGn (6 10) 

cases, modulatiûn in MHC class l e;;pre::;.::;icn ~Jp~".::,n"J~' [. 

r .. ! } p quantitative rather than gualitativ~ =ince thL tJr~f 

often express a low density of MHC cl.'1:::::; l &ntlli'.ll 

Insulin-dependent diabetes mellitus i::: ar. ;n~ l!nlnIU,;' 
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f3ctor:::; (11) We and others have shown that a~tolmm~nity 

ogainst the insulin-producing beta cells of th~ Islets o~ 

L3ngerhans requires specifie alleles within the HHC (12-14). 

ThIS requirement is shared by the human syndrome and the two 

:lllimoi models c,f spontaneous 1001'1. the Biobreeding or BB rat 

and the non oLese diatetic or NOD mouse. The asso"iation of a 

numb.:-r of autuimmun8 disorders with the MHC has stimulated the 

hyputl1CSlS that inappropriate expression of I1HC antigens on 

target cells might funotion as a disease trigger through 

presf'll ta t i on of au toan t igen (15) To date, the cmphasis of 

investigation has heen on the potential r0le Gf lnappropriate 

I1HC elass II gene expression in IDDH Here we have analy=ed 

tll8 !?xprcssion cJf both MHC class 1 and II genes at the leve] 

of RNA abundance ln isolated Islets flom biopsies of a series 

of predlab~tic BB and age-mstched diabetes-resistant WF rats 

and at the level of cell ~urfQce sntigen expression by 

imnlunohi-,;UJchemistry. In these stud10S we kjlled BB and NF 

rats al 30. 40 and 50 days of age to compare the leveIs of MHC 

g~ne expression in isolated Islets and corresponding sections 

of prediabotic animaIs ta those of dlsease resistant animaIs. 

TllOse Lime ['oint.::> ,,8rf;" chosen a3 they precede the usual perichi 

of l l nset of IDD~ in the BB rat (16;. Newly diabetic BBUF 

animaIs of ~ppr0ximately 100 daY5 of age were sacrifiaed t0 

dctcrmine the levels of MH: gene expression in the Islets of 

thesc animaIs. We also document the appearance of T cell 

rc~cptor bata chain and gamma-interferon RNA as indicies of 

• 



1 infiltration of th8 Islets by activ~ted T tym~ho~ytcs 3nJ 

other inflammatcry ceIIs that compI8rnent our micro~2opi~ 

findings of infiltration. 
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KATERIALS AND HETHODS 

ANIHALS. BB, Wistar Furth PŒ), BBUF and ACI rats were 

obtained from estaclished colonies at the McGill 

University/Montreal Children's Hospital Research Institute and 

the Royal Victoria Hospi tal. The BB rats were originally from 

the Biobreeding Laboratories and were generously provided by 

Dr. Pierre Thibert of the Department of Health and Welfare 

Canada. NF rats were originally from Harlan Spr~gue-Dawley 

(WalkE'rsvllle, Maryland). BBUF animaIs ,lere from a line 

generated by Dr E. Colle at the Montreal Children's Hospital. 

The BB, BBUF and WF rats bear the ~ haplotype at the rat HHC, 

RTl. The ACI rat bears the a. haplotype. The di3.betes-;:-l'one 

BB rats used in this study did not exhibit signz of overt 

diabetes at the time of study. The diabetic BBUF rats used in 

this study were newly diabetic (within 24 hours after IDDH W8S 

diagnosed). AlI animaIs were fed Purina Chow ad libitum. 

ISOLATION OF ISLETS. Pancreata from age-matched BB and WF 

animaIs and newly diabetic BBUF animaIs were removed from 

ether-anesthesi:ed animaIs (three or four animaIs per time 

point per strain). Pancreata wer then pooled ôccording to 

type and enriched for islets. Briefly, islets were dispersed 

by sequ en t i:::.d incubations in co llageno.se and apI' ot in in as 

previously described (17). The purified islets were then 
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collected and used immediately for RNA pr0paration. 

NUCLEIC ACrD ISOLATION. Islet preparations were washed lhrcc 

times with 10 mIs of ice-cold phosph3te buffered saline. TIH\ 

samples were then resuspended in 10 mIs of 5M gU:J.nidinE· 

thiocyanate, 10 mM EDTA, ':'0 mH Hep·?;..; pH '7.13 3.Jld O. 5~G :::: 

mercaptoethano l fa llowed by hamogE:n i:::a t 10n in 3. Brin km311 

Po lyt l'on for two minute s . The rf.su 1 t ing homogen 3. tes \-le 1'1] t !wn 

passed through cheE.'8ecloth 3ievc'8 to r'.?move lorg.:, p::nt-iculatl' 

matter and cent::-ifuged at 1~,062g; for t"onty minutc·.:'; ~lt_·1 C 

Supe rna tan ts wer€: then colle ct ecl :3 nd Sa r ko sy 1 add , .. ,j 

immediately to a final concentration uf 4;~_ Aliquots of thf: 

supernatants were then layered ovel' 5 7 M CcCl conLaining 

ethid ium bromide in S~" 50 1 po lya llomer 1..1 1 tr:Jcon tl'lfuge t.ubc·s 

and spun overnight at 50,000g. Buoyant high molc(u]ar weiehl 

DNA WBS retained. PelletEd RNA was rinsLd wlLh stùrUt: woUn, 

ethanol precipltated using am:nonium acetat€: and th"'!1 

resuspended in ·lM urea, 50 mM Hepes pH 7 . .5, 10 mM EDTA. 

SùUTHERN AND NORTHERN BLOTTING DNA >Jas d igestcd t,. 

completiün using 5 units of restriction en::ymo [Jel' 11~ ,)f DNA, 

electrophoresed at 100 V for oight hour~ on 3 0.7% agarose gpl 

in Tris borate buffer and transferre::! to Gene S.:.rr.:t-:n Plus 

h y br id i z a t ion me m bran e sac c ü rd in g t ,) r.1:3 il u f a c tu rel' . C pro t 0 (: 0 l :::; 

10 ug Jf total [{NA was electror;hore:;ed at 80 If fOl" 14 huu!":-.; CIl 1 

a 0.7% agarose gel containing 40 mM MOPS 
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a 0.7% agarose gel contalnlng 40 mM MOP~ 

(morpho11nepropanosulfonlC aCld) pH 7.0, 10 mM sodlum ace~ate, 

1 mt1 EDTA and ~. 5 t1 f ormalaehyde. RNA was transferrea te 

Zeta-pro~e m~mbranes accerdlng to manufacturer's cond~tlons. 

Membranes were prehybr~dlzed and hybrldlzed according te 

manufacturer's speclflca~lons. The nortnern blots presented 

HI thlS paper are from the same membrane probea Wl th the 

var lOUS radiela beled .sene pro bes. Rat MHC class 1 heavy cnain 

transcnpts and genes were detected uSlng the murine H-2 cDNA 

pH2Ila. Rat MHC class II alpna chaln transcripts were 

ViSU311zed using the I-A alpha clone p~4.2 and the I-E alpha 

clone .32. Il . AlI MHC prot,es were obtained from L. H,:,od, 

Cal~fernla lnstitute of Technology. Hat T-cell receptor beta 

chaln transcrlpts were detected using the murlne cDNA clone 

RBL-S #70 donated by T. Mak, Ontario Cancer Instltute. Gamma-

lnterferon message was detected using clone pGM8 donated bv J. 

Hlscott, McGi11 University. The beta-actln cDNA was obtalned 

from the Amerlcan Type Culture Collectlon, RocKville, MD. 

IMMUNOHISTOCHEMISTRY. Frozen pancreatlc tlssue was sectioned j 

5 um cryostat sections were flxed in acetone for ten minutes 

onto glass slldes. Mouse anti-rat monoclonal antlbod~es 

(MOAbs: tlssue culture supernatants) OX6 (class II dlrected) 

and aX1S (class 1 dlrected) were used to detect MH~ products. 

These MoAbs were obtained from Dimenslon Laboratorles, Sera 

Lab, Mlsslssauga, Ontario. Cellular binding of these 
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method using peroxidase-conjugated F(ab")2 fr3gment-~oat 3nti 

mouse IgG (F(ab")z fragment-specifIe) obt:3.Încd frorn l'oul'et' 

Biomedical Ine., 11o.1\"'-81'n. PA. Polyclùnal J.ntibL1Jy (guIne:1 pl~~ 

anti-bovine insulin) [Miles SClentific, Rexda]e, Ontario] ~\llLi 

peroxidase conjugated goo.t anti-guin'2a plg J~G (Dimension 

Laboratories) were utili:::ed to detect insu lin. Primary and 

secondary antibodies were incubated on the slid0s for 00 

minutes at l'oom temperature. The concentration of antibodies 

used varied between 1/10 for OX6, 1/200 for OXIS, 3.nd l/:,f]O 

for guinea pig anti-bovine in!:;ulin. AlI antisc'ra t-1ere dilulod 

in PBS containing 1% BSA and 10% Wistar rat serum ta minirul:e 

non-specifIe stalning. Positive cuntrc,ls for inculin :..:tainin[; 

consisted of normal pancreatic tissue. Fol' Mlle g0nc pr·')ducL::. 

spleen sect jans were employed. Negative contraIs wero 

represented by pancreatic: and spleen sect.ions in which th,:, 

primary antibody had been omitted 
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RESULTS 

MHC RNA EXPRESSION. In this study we analyzed the time course 

of modulation of MHC gene expression documented during 

autoimmunity against the islet beta cell in IDDM. Ne 

extractod total RNA from iolet preparations from the 

experimental animaIs at the ages indicated. These RNAs were 

then analyzed by northorn blotting for the expression of beta

actin and MHC claas l heavy chain genes (Figur9s lA and B) . 

• rybridization with the beta-aetin probe eonfirmed that 

equlvalent amounts of Islet RNA from the different biopsies 

were loaded on the gels. AlI islet RNA preparations contained 

MHC class l heavy chain RNA. The levels of MHC class ! heavy 

chaIn RNA increascd with time in both diabetes-prone BB and 

dinbetes-r~sistarlt WF rats. Strikingly, while the levels of 

MHC class l heavy chain RNA were equivalent in the resistant 

and prone islet RNA preparations from biopsies taken at 30 

days of age, at 40 days of age there was a significant 

enhancement in MHC class l heavy chain RNA from the diabetes

prone animaIs. This enhancement beeame even more dramatic at 

50 days of age. In islet RNA from the newly diabetic BBUF 

rats there was an elevated level of MHC class l heavy chain 

RNA in comparison ta islet RNA from diabetes-resist~nt 60 day 

old WF rats. Importantly, the diabetes-prone BB rats used in 

this study (aslde from the newIy diabetic animaIs) did not 

exhibit signs of overt IDDM at time of biopsy. Densitometry 
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of northern blots (Figure 2) indicates thnt enh:.1I1ct'llwnt in t1Hr' 

class 1 heavy chain RNA in the isolated ls1ets from the 

diabetes-prone animaIs is approxlmately lwo-fold higher thall 

in non-diabetes-prone WF rats at 40 days of age and 

lc::1c·t HNl\ 

from the newly disbetlc BSUF animaIs maintains a two-fold 

enhancement in MHC class l heavy chain RNA Cl!::; compared t'J 

islet RNA from 60 day 014 control rats. A~ the RNA 

preparations at each time point wcre extracteJ from islet~ 

pooled from a number of ar:imal:.:: (11=15 pel' :3trClhl, 11-3 ,-,1' ·1 l''~'l' 

t i m e p 0 in t) the rel a t ive Ci b und "3m C 8 0 f a p CI r tic u 1 Cl r t r :J il :.:; 1.' 1'1 ~ , t 

represents a mean of the group. Calculalion of standard 

deviation i:.:: not possible 0:3 not enough RNA can be t::.'::ro,·t,.;',! 

for analysis from a single ani~al. 

T 0 de ter min eth e 1 e v 10' 13 u f H If Ccl as::.; l 1 a l ph:) cha i n f! c : • (' 

expression in the islets of prodjabetic BB r3ts wc anoly=cJ 

RNA from tr.c islet tiopsies by nurthern bloUing f.:,ll,_;'1~'d lq 

hybridization with alpha chajn probes from the 1 A and 1 E 

loci of the murine H 2 '~omplt'::c (Figures 3A and B). ~h;:,.: cr 

the dis8ase-resistant WF or 30 .:n 40 day old BB n1t i:~l.-:t PNA 

preparations contained detectable MHC clJ~~ II alpha ch3~n 

RNA. PNA from the 50 da~r oid BB ar.d neHly diabf:t.lc 88UF i::::lut 

biposies cûnatined detectablc MHC (;l<1:::J::" II ::llpI.3 dl3lr. 

transcripts homologous ta both 1 A alpha and 1 -E alph::i prIJbe:-; 

The levels of MHC class II alpha chain 8xi.-,n;:::;:::;lon Hor'; 

significantly lower than the levei of MHC c138~ 1 heavy chain 
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expression in thcse samples. Flnally, the levels of MHC class 

II alpha chain expression were greater in the net-<ly diabetic 

BBUF rat islets than in those of the 50 day old diabetes-Frone 

BB rat. In summary, we observe the ~ il.Q.Y.Q appearance at 50 

d~y~; of age ùf transcripts homologous to both the l -A and I-E 

A.lpha c ha in gen es in is let RNA pr epara t ions f rom d iabetes

prone animal::: showing no signs of overt diabetes. 

IMMUNOCHEMISTRY OF PANCREATIC SECTIONS. Staining to detect 

cJass 1 MHC antigens showed eUher totally negative or very 

slightly posItive beta cells in prediabetlc BB anul3.ls and 

Wistar Furth age-matched centrols. There was no detection of 

d.Q. il..Q.Y.Q. c la3s II antigen expression on any endocrine cells 

wi thln the isIet:3 of preji3betic cr newly diabetlc -:mimals. 

NewIy diabetic BBUF 3illDIuls demonstrated markedly enhanced 

cllJ.:ïS J staining on endocrine cells In these cases, varying 

degrees of Inflarnrnatory lnfiltrate W81'e demonstrable in the 

same sectiull or in nearby seriaI sections. Cla3~ II staining 

in the newly diabetic animaIs was positive only on dendritic 

cells disf.'ersed wlthin the islet and on mononuclear cells at 

si t e f3 0 f a L: el luI a l' in fl i t r a. t e (F i gu r e 4 A - D ) . 

ExrRE~:SION OF T CELL RECEPTOR BETA CHAIN AND GAMMA- n;TERFERON 

GENES AS INDICIES OF TNFILTRATION OF ISLETS BY T LYMPHOCYTES. 

We and others have previously described in immunohistochemical 

stlld ies that a massÎ\ e pancreatic Iymphocytic infil tratiQn of 



the islets of Langerhans preC'edes IDDM (lB. 18) As activated 

T lymphocytes express both MHC class l and II gt~nes. I.e w::\Iltl'd 

methods to monitor thlS infiltration. In aJdltlon hl 

microscopÏL' analysis of pancreat ic tissue section:::, !-:(' 

analy:::ed RNA from the islet biof·.::;ies for tranSCl'li;'ts 

homologous ta the murine T cell rcceptor beta l::hain and g.:unmu 

interferon genes as indicies of T lymphucyLil_ 1l1filtratie'tl 

(Figures .SA and B). None of the islet RNAs from the diab·:·t,_~; 

resdstant l'IF rats contained RNA homologou!~ ta Lh.", T cel J 

receptor beta chain or garnrr,J- lntcrferc,n gent:' probe:::; 

Homologous RNA to bl)th probe,:; was a1::30 aL.:.~;enl ln the ::10 ~fld {JO 

day oid BB rat--derived lslct RNA. Very Iow leveis of T ':-l:11 

receptor beta chain and gamm1--interferon ger,8 tran:::enpts Wf:l"-' 

detected in the 50 day BB and newIy diabetic BBUF islet 

prepara t ions. The 18vels of l'ùth transcripts Hf ::.;llglltJy 

greater in the newly diabetic islc:t HNA c..:,mr:Hed tCl th,::. :,0 day 

BB preparation. These re.3ults demonstr:J.ted then, ~llJ.l T 1.:11 

rect'ptor beta chain and garnma-interfeI"on gcne Lran~('l'Îl:,t:::; 

appeared concornitantly in the islet RNA prer'<Hatlun:.: fl)nl lh", 

50 day BB rats. Furthermorc, thE; dQ il.Q_YQ :ir-r'co.r:..nce uf t I]('!:-,I' 

transc:ripts coincided exactIy with the ~ hl'_:lC!. 0P[ t~:Jr::Jrl(" ,-,f 

MHC cla3s JI alpha chaw t.ranser ir,ts :}nd ,jccurrt:.d :3 ftor t.h!'; 

enhancement in MHC clas.3 I heavy chair. expres::;iij[]. 

COPY NUMBER AND GENETIC STRUCTURE OF ENDOGENOU~ MHr: r:LAS::, 

1 GENES, As enhancernent ln MHC clas.:; l heavy chair. g,-~rl(; 
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expre.3sion was the first detectable change in MHC gene 

expression prior ta diabetes we set out ta investigate the 

cause of this enhancement. One possibility was that the 

'.Jllhancement H3.S due ta a mechanism inherent to the class l 

gencs of the BB rat. Either ampl1ficatiün or tran::;location of 

an endogenous class l gene could result in enhanced expressic,n 

of c lass l genes. We digested high molecular weight DNA 

isolated from the islet preparations from the pancreatic 

biopsies with the restriction endonuclease EcoRI J Southürn 

blotted the restriction fragments and annealed the immobili::ed 

DNA Hi th a class l cDNA probe. We were in tares tad to 

determine the copy number of the endogenous class l genes from 

the d iabetes--prone and -resistant an imals and found that the 

copy numter of the endogenouG class l glSnes WaS unchanged in 

the diauetl'.:'s-prone as compared witr. the re.sistant anim3.ls at 

each lime point prior to diabetes (Figure 6). Thus, gene 

amplification of one or a number of MHC class l genes was 

ruled out as an explanation for enhancement of MHC class l 

heavy ehain gene expression In additi.on, this result did not 

revea l a HHC c lass l r estr i ct ion fragmen t length po lymo l'phI Gm 

distingulshing th~ diabetes-prone from diabetes -re3istant 

animaIs. Thus, there are no obvious differences between the 

genetie structures of the MHC class l genes of diabetes -prcne 

and -resistant animaIs tho.t might explain overexpression of 

t hase genes in the is lets of di abete s --pron p an imals. 
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1 DISCUSSION 

TODM if' bath man and the SB rat is a spontaneClus syndï('nll' 

that aceurs in a population of genetieally prcdispllSod 

individuals and results from the auto:immUIlE:' dl'struct]OIl l,r the 

beta oell::: of the endocrine panere3.s. Substalltial l"l'~:-('~rl>lt 

has investigated the questions of how the :::.yndrûme 1::; 

triggered and why antoimmunity is targeted to bet:! cC'll::. 

Initi:llly, a number of investigators used :38r8 from Jiahr-tic 

humans and r3.ts to identify potcnti3.1 autoantil.1û\'18 un 

pancreatic islets. These stud ie~. rt=:vE..:31ed bc:th i.:~l .. ;L cel1 

surface anù cytoplasmic antigens deteC'taLlc in p3n,.::reatir> 

sections from normal and diabete3't-'ront: :::;ources (20). 

Antibody to thpse antigen3 Ha:=-; pre:::ent prio1' to overt diabf't . .!:. 

although seleclively in sera from IDDM-prnnc sources 

Baekkeskov and Lernmork ha'/e identified a pot.ent~~ll islot 

autoantigen of 64 kilodaltons using thi::: approach (21). 

Eisenbarth and colleaguos have taken a 38cond approBch thal 

ste m s f rom the i r h y pot he si;, t ha t the la r g ,:; tau t 0 rlll t i g en ( :;) a rc 

likely to be islet :;.;peclfic differentlation ontig,~n::;. They 

have prepared a n'clmber of m,)noc}on:J.l :1l1tibudies h) l.::;lC't 

preparations that show varying degrees of ::;peclficily for uv:~ 

endocr ine pancreas (22). Bot h of U-.es'~· 3pr roae ht":;s hr; Id 

promise as a means of id0ntifying target aut~Dntigen(::;) 

Identifying the target autoantignn(3), hQwpv~r, WQuld f10' 

solve the problem of disease initlatiCJn unlr:::::;:::; the 
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autr)antigc:n(:::;) \-lere expres3ed !:hl IlQ.Y..Q. pria;:" te disease. As 

gonetie predisposition for IOOH i3 ta a large extent 

determin0d by the HHe and as the HHe antigens are reguired f0r 

the presentation of foreign antigen ta the immune system, it 

has been attractive ta consider the MHC antigens as potential 

triggers of autoimmunity in IDDH Barclay and Mason initially 

suggested Inapproprlate HHC class II expression as a mechanism 

for autopresentatian in general and Botta=zo and coworker= 

have continued this line of investigation with extenslve work 

on a number of autoimmune diseases including IDDH (15.23). 

Botta==o and coworkers have found in bath man and the BB rat a 

de UQYQ expression of immunohistochemically defined HHC class 

II antigans on insulin-producing beta cells coincident with or 
1 

prior to IDOK, respectively (24,25). Here we present the 

rasu 1 ts from our immul1ohistochemical analysis cf HHe ~ene 

c~pre=sion in sections of pancreas from prediabctic ~nd newly 

diabetic animaIs and the firzt analysis of HHC gene expre3sio~ 

in isolated islets at the level of RNA abundance. 

We observe markedly enhanced levels of ~HC class 1 

antigen throughout the pancreatic islets of newly diabetic 

animaIs (Figure 4B). Sections from prediabetic BB or any of 

the diabetes-resisto.nt WF rats show little or no staining with 

the class l monoclonal antibody (see Figure 4A, this is in 

agreement with the finding that islet ~ells normally exhibit a 

class rI negative, class 1 low expressor phenotype [26]; note 

l the comparatively high levels of class 1 antigen on the 
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1 inflammatory caiis and ductual ~1pithelillm in Fir;un> 1(3) 

Varying dagrees of inflammatory infiltrate arC' alway:..; obsVn'l.:'d 

either in the same section exhibiting f'nh:1.ncod (']3;";8 l .1Ilti!"~t'n 

expression or in nearby seriaI ~ections 

suggests that the enhanced rlass l 3nligen exprOS810n W0 

observe is a consequence of the inflo.mmatory infilLr0.lL' and l~' 

not involved in the initi0.1 recruitment of in~:uliti::; It IS 

likely that inflammatory cells lnduce the enhanced l~XPrt'~-;~~iL,n 

of class l antigen on islets via cytokines that Uwy ::E:crt,t L-

such as gamma'-inlerfr::ron or tumor necro:::;is foele'r :1h'ha. 

Southern blot analy:::;is of islet DNA u::,JnJ ::.l cLJ~:;;::; ~ L'DNA [.-n,b" 

does not reveal amplificatio:l or irans1ùcation ·)f C'ndogrI1UW3 

class l genes (Figure 6) and lS further evidt:nce thJL 

enhancement in clase r gene expression does llot l'(::.:;ult fl'I)t1l ~j 

mechan ism inheren t to the class l gen es of t.hE: BB /'::1 t, 1!1 

multiple biopsies from prpdlabetic or ncwly diabalir animaIs, 

we h a ven ev e rob s e r v e d the d..e.. IlQ.Y Il i n d 1J C t i 1) nI,' f ,:; l:J ,; :; 1 J 

antigen expres:::;ion on any cells withir: the blet (Fi~urC' t!(~; 

Class Ir positivity i;;:; limlted to infiltrating cell::; within 

the islet (Figure 4C) C 1 as s 1 l fi c s i t i v j t- Y i s 1 i m l t C' d t CJ 

infiltrating cells or dendritic cells within th.-} f.,tjdy ur tllC' 

islet. Staining 0: seriaI sections '"HI! :J.nti in::::ulifl 

monoclonal antibodies cleo.rly demonstr:3te t~a~" bolll ill'-;U J HI 

positive and -negative cell:::; withi:-I the r,e-.dy dia!:J8lir i:-;], t. 

ex hi b l t s t r 0 n gel as .3 1 c e 11 - sur fa ces t a in i n g (F i g u r f; 1} D ) 

'" Northern blot analysis of RNA isolated from L~ll:1:... 
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purific:d from these animaIs demonstrates enhanced levels of 

clas::; l heavy chain RNA in bath prediabetic o.nd newly diabetic 

animaIs in comparison to age--matched control WF rats (Figure 

lB). This enhancement oeeurs prior to our observation of de. 

ll.Q..Y.!...!. MHC class II Uanscripts that appear coordinately with 

t.ranscript::; hcmûlugouG te the T cell receptor beta chain and 

gammo.·interfêron g.=-ne3 (Flgures 3 and 5). The c:oordinate 

tlI;,pearance of these gene.::: and our inability to detect any 

clas3 II antigen expression in islets from prediabetic or 

newly diabetic animaIs strongl~' ;.;uggests that the infjltrating 

cf.:lls ar.; the major source of lie.. il..Q.YQ 01'3:38 II trsl1script. 

Our observation of enhanced levels of clas::: l heavy chain 

k.1 in is]et preparations from newly diabE:tic animaIs is in 

agreement with our observation of enhanced clasE l antigen 

exprefJsion ûn the islef:s of these animaIs. A portion of this 

enh::ll1cement in class I RNA ie likely attributablo to the high 

level of cb.ss I gene expression in infiltrating inflammatory 

cells (Figure 4B) and the remainder representing enhancement 

Hl the islet cells proper. 

The E'o.r1y enhancement l.n cla3S l RNA that we observe in 

prediabetic animaL; at 40 and 50 days of age is intriguing. 

As we have noted, immunohistochemical analysis do es not detect 

an cnhnncement in class l antigen expression in the islets 

from these same an imal s . We sllgges t thr ë e exp l ana t ions. 

First, the time ~OL1rse of ::lass l antigen enhancement seen 

relative tü class l mRNA could reflect a normal delay in 



l antigen expression relative t.o mRNA expref1sion 

possible that the elevated levels of class l RNA in 

predi3.betic anImaIs does net in fact result in enhanced lC'Vt.'ls 

of class l antigen expression due to 3. nonlinear relat ion!::hip 

between the level of class 1 transcript and cl'3.sS T 3ntn~e::11 

(suggesting a posttranscriptional 1evel of contr(il). 

Alternatively, the discrepancy could be an artifact of Lht' 

experimental protoccl The d e ~ i g n 0 f t il i s W 0 r k W a~"J su (' h t h ~tt 

the vast ma~iority of t.he pancl'eatic tissue examinp.c1 ~"a:.-; u:.o;,-·.I 

in the preparation I)f islec.:. for the extractIon of RNA fol' 

northern analysis. On1ya small piece (t'epref,cntinr:; l,~;:;:; th11l 

one-tenth of the total tissue maGs) of the pnnCr0QS from ('ach 

animal was frozen for subsequent immunohi:3tù ,:hnmical ~ln:11Y'-;1.·J 

Thus, the results of the northern analysi:; reprf'Gcnt :-J bro:.lder 

sample range and 3 less topo1ogicalJy restricted .Jet of isJ,-:t.s 

tested for [lotent .al modulation in MHC gene expres::;1on t.h::m 

that used in the immunohistochemicD 1 ana lysi:::. AS:I 

consequence, enhanced r::lass l RNA in prtdi:1b('tic; QllilTl'11:-: IIJ:1y 

be an indication that euhancement in c1a;=;3 J go:::ne expre~~~~ion 

is occuring on islets at a site removeri from th3t C'x3mincd l.JY 

immunohisLochemistry. This is not a trivLil pr..dnt. :1~; 

autoimmunity against the beta ceU appe3rz L0 ir:lt.bl(~ Qt 

localized regions of the pancreas with ::;Ubs8'1u.::nt, :::prc:'Jrl cJfld 

thus implies that the triggering procas:::: mlght ~:Jl::,() progre'..;:::; 

in t h i s fa shi 0 n (27). l n t h i s sc e n a rio, the c; a r l y ê n h ~j Il C r.: ID ,-: rit 

il, class l RNA wouJd r8present a 100a1i:::ed indllctlGll 0f r.:13~_;:'" 
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( l gene expression due ta early insulitis. That enhanced class 
1 

1 antigen expression on islets is finally observed in the 

newly diabetic animal may simply raflect that insulitis has st 

this point spread throughout the pancreas. ln vitro studies 

by oursel~es and others (28,29) on the induoibility by gamma-

interferon of class l gene expression in the rat insulinorna 

cell line RIN5F argue against a significant level of 

posttranscriptlonal control in the induction of class l genes. 

Thus, WB feel the third explanation i8 the most likely. 

Our observation of enhanced levels of class 1 RNA prior 

ta our detection of de.. ll.Q.Y..Q. olass II, T ce11 receptor beta 

chain and gamma-interferon transcripts and prior ta the 

appearanco of inflammatory cells might be interpreted to 
( 

2uggest that this enhancement preceded not only overt disease 

but a1so insulitis. Alternatively, the initial inflammatory 

infiltrate might be tOG small in scale to produce a detectable 

T cell recaptor bets chain or gamrna-interferon RNA signal in 

the hybridi2ation analysis although large enough ta i~duce 

elevated levels of class 1 gene expression. That we only 

observe enhancement in class I antigen expression near a site 

of i 1\ sul it is suggests to us tha t the sec and scenar io i s more 

probable. 

Our inabilit.y ta detect ~ ll.Q.Y.Q. class II sntigen 

expression on any celis within the islets of prediabetic or 

newly diabelic animaIs (even those islets exhibiting 

( peripherai insulitis, Figure 4C) is in disagreement with 



'1 ~ - previously reported findings (:4,25). A recont paper by 

Pipeleers and coworkers might exp]ain this discreponcy (30). 

These investigators rigorous]y analy~ed the few Ta po~itivû 

celis found within normal islets and report that these wero 

mononuclear cells of nonendocrine origin that had phagocytosed 

fragments of damaged endocrine cells. Thece authorc sugficct 

that the ra-positive, insuljn-positive cells ln tht: ponCl'ea:::; 

of newly diabetiD individuals and rats may very weIl be thesQ 

monclnuclear celle that have phagocyLosed debris frolll ongûil1f~ 

beta-cell destruction. They thus suggest additional markers 

are necessary ta test whether there are in facl ~13~~ IT 

expressing beta-ceIIs in the prediabetic or dinbetir panarCBS. 

There are severai reasons that we feel that c13cG Il pusitive 

1 
beta-cells do not exist either in the prEdiabetlc or newly 

diabetic pancreas. In addition to the results prc-s8llted in 

this paper, we fail ta detect class Il po=itiv8 bota ~cl le 

when we induce an acute diabetic syndrome by pussivp transr~r 

of canA activated T lymphocytes from diabetic BB r~tD (Issu 

Chergui et al. J in press), and we ond others C3nnot 1nduec 

class rI antigen expression on insulinoma cello unlecs WB u=, 

unphysioIogicalIy high doses of erude cytokine preparJtion or 

gamma-interferon (28,:9). 

In 8harp contrast, enhanced class r gene f:xpr8s'~ LU!! C-Tl 

islets i8 a ~onsictent finding in pancreatic scctions fr0m 

newly diabetic animaIs that arise f'ithE:r :::;pc.ntanr:::ou;;ly or 

after passive transfer of 8ctlv~ted T lymphocyt~8. Cla~,,, l 
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( gone expression i8 also easily inducible on insulinoma ceIIs 

or iso13ted islets using low levels of crude cytokine 

preparation or gamma-interferon alone (28,29). Thus, the 

accumulated evidence from in. Y..Î.Y.Q. and in. vitro studies is il 

compelling reason ta consider enhanced MHC class 1 heavy ohain 

oxpression os a potentially important factor in IDDM. Indeed, 

enhanced MHC class 1 heavy chain expression could contrjbute 

to the expression of IDDM via qualitative or quantitative 

moans. Sorne of the enhanced class 1 antigens might include 

non-classical clase 1 molecules not normally exprecsed on aIl 

cells yat Inducible by cytokines. Alternatively, increased 

conccntrhtions of classical class 1 antigens might facilitate 

the recognItion of target cells by cytotoxic lymphocytes. 
( 

mountlng eVldence in other systems that the concentrations of 

The 

HHC class 1 antigen on a cell plays a major role in 

dctermining its immunogenicity illustrates the feasibility of 

a similar role in autoimmunity in general and in IDDM in 

particular. 
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FIGURE 1. Al Nurthern blot of total RNA purified from islet 

preparations from pooled pancreatic biopsies hybridized with a 

nick-translated beta-actin cDNA. Lane 1: RNA prepared from 

islets from 30 day WF rats, lane 2: 30 day BB rats, lane 3: 40 

day WF rats, lane 4: 40 day BB rats, lane 5: 50 day NF rats, 

Iane 6. 50 day BB rats, lane 7: 60 day WF rats, lane 8: newly 

diabetic BBUF animaIs of approximately 100 days of age. 

B) Northern blot of total islet RNA probed with the MHe class 

l heavy cha in cON A pH2I l a. RNA an alyzed in a 11 nor thern b lots 

presented in this paper are from the same islet preparations. 
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FIGURE 2. Quantitation of MHC class l heavy chain RNA. The 

autoradiograms in Fig. 1 were scanned with a densitometer to 

determine the lntensity of the bands corresponding to HHe 

class l heavy chain and beta-actin RNAs. The amount of MHe 

rlass 1 hcavy chain RNA in each sample was determined relative 

to that for beta--actin RNA in the sample. Tr.e results are 

oxpressed in arbitrary units. Cire les mark the relative 

abundance of class l heavy chain RNA in the islets of 

diabetes-prone BB and newly diabetic BBUF rats whlle the 

triangleG mark the relative abundance in WF rats. 
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FIGURE 3. A) Northern blot of total islet RNA probed with the 

MHC class II I-A alpha probe p24.2. B) Northern blot of total 

islel RNA probed with the MHC class II I-E alpha probe p32.11. 

Lane assignments are as in Figure 1. 
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FIGURE 4. A) Photomicrograph of a pancreatic islet from a 

pre-IDDH animal stained with the anti-class l monoclonal 

antibody OXI8. (indirect immunoperoxidase, x~OO). B) 

Photomicrograph of pancreatic islet from newly diabetic BBUF 

animal stained for class l MHC ôntigen. Enhanced levels of 

cla.ss l antigen occur throughout the islet or: endocrine and 

exocrine cells. The cellular infiltrate on the 1eft edge of 

the islet is strc:.ngly class l positive. (QX18, indirect 

immunoperoxidase, x200). C) Photomicrograph of same islet 

s ta ined for c lass 1 l MHC an tigens . Pos it ive sta in lng l S 

restricted to cellular infiltrate along the 1eft edge of islet 

and dendritric cells. (OX6, indirect immunoperoxidase, x200). 

D) Photomicrograrh of same islet stained for lt1sulin. 

(Insulin, indirect immunoperoxida:::;e, x200) . 
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FIGURE 5. A) Northern blet of total islet RNA probed with the 

murine T-cell recepter beta chain cDNA RBL-5 170. B) Northern 

blet of islet RNA proted with the gamma-interferon cONA pGM8. 

Lane assignments are as i~ Figure 1. 
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FIGURE 8. Panel A: Southern blot of high molec'ular weight DNA 

purified from isolated islets from the same pancreatic 

biopsies used for the RNA purification. The numbers above the 

blot indicate the age in d.:-ys of the animaIs frolu WhlCh the 

DNA was extracted, and W or 3 refers ta Wistar Furth or BB 

rats. The lane labeled DM refers to DNA extratcted from the 

newly diabetic BBUF rats of appraximately 100 days of age. A 

refers ta DNA isolated from the spleens of ACI rats that bear 

the a hap 10 type at the RT 1 and serve as hap Iotype -d ist in c t 

comparisons for capy number analysis. The genomic DNAs in 

this experiment were digested with EcoRI and the Southern 

blots were probed with the MHC class l heavy chain cDNA 

pH2II a. The arrows a t the left refer to H indIII ct iges t ion 

fragmen ts of bact€' r iophage lambda DNA. 

Panel B: Restriction fragment length polymorphisID analysis of 

genomic DNA isolated froID BB and Wistar Furth rat spleens 

probed with the MHC class l heavy chain probe. No RFLPs were 

detected llsing mui t iple enzymes. 
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The experiments described in the previou.3 chapter 

demonstrated that the first discernible modLllation in Hile' l1('nt~ 

expression in the pancreata of prediabetic and neHly diabetic 

rats is 3011 enhancement il. HHC class l he::1.vy ,ohain eXl'rûs~~ion 

In contrast, class II antieen expres.3ion W3S never df'te'_'tl'd in 

prediabetic or newly diabetic animaIs. These 1ala ~tron~ly 

suggest that aberrant expression of cl::I:::::: II antig('n:~ 1:!1 

paner e a tic b e ta ce Il s ct 0 e s no t pla y ace nt raI roI f' in t he 

pat ho g e n es i s 0 f l D D Min the B P. rat. The r e S li l L:: cl CI, h {Î W P VI' t· , 

suggest that enhanced class l gene expre~~ion might plJY ~ 

role in disease pathogenesic F i r:, t , e Il han c e d r; las s l ~ t=: rh: 

expression is an early phcnolI1enon in thl' timE coursc' of 

disease Gnset, and second, it js a consIstent findin[;. 

findings are important in view of the studies involvlJlt~ 

t r Cl n s g en i c m i ce, wh e r e for c e d exp r e s s j 0 n':. f e l L h,~ r ("' h .-: sIl 1 r 

class II antigens on the pancreatic beta ccll rc.::.:ulV.: lit th, 

induction of dlabetic syndromes. 

course of spont3.neous IDDM suggest that the ,:]as,-; L tl"Ir1:-]C01Ii, 

mice may bye more relevancC' t0 the psthcgenesis uf rDDM ti,'JfI 

aberrant clas:::: II antigen (:'XI.H8Ssion. 

chapter, we have investigatr3d the induclbi lit y '_if HHr; gl:'lF:'~; 

and an t i g e n s on t he rat insu lin 0 m a ce '!. l li nE: R r N S F 1] :.:11 t g li (J LI 1 

crude lymphokine preparations and recombinant ~~mmn 

interferon. 
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CHAPTER SIX. 

GAMMA-INTERFERON INDUCES THE TRANSCRIPTION AND DIFFERENTIAL 

EXPRESSION OF MHC GENES IN THE RAT rNSULINO~A CELL LINE RINn5F 

This chapter hac been published in Diabetes (38:911, 1988). 
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ABSTRACT 

!4e have investigated the l\1netil~::; ·")f gamma lIlterf"l'c,n 

indt:ced expression of th"" class l and II major 

histocompatibility comrlex (MHC) gencf; in the l'al irl~Jllllnt-,m3 

cell line RIN5F. Treatment of RIN5F cells (w!1ich arl.'" Ilol'Illally 

class II negati ve, class l low expressors) wi th 1 un iL/ml 

recombinant rat gamma-Interferon resulted in 3. fiftcen fold 

enhancement in MHC class l antigen expres:;ion but ne. 

detectable induction of class II antll1en l,::xpre::::sion 48 hnll!'S 

postinduct ion. This enhancement in cl::J.sr: l ,:lntl~'')l1 exrre:s:::.inn 

was a dose-dependent phenomenon anr:l WiJ.S prer:eded by :.l dos(' 

dependent increase in class l specifie RNA 80th 1:1;1[;:::; J :1fld , 
II genes were induced at the transcrl['tional 1 eV01 3S 

determined by northern blotting and in y..ll.Hè nllclr:-ar 

transcription assa.ys, but oxhibited slrilunrtly ,jiff,-ront 

induction kinetics. Supernatants from CiJnlÎ ;Jt.jllluJ;:d.r',j 

expre3sion. Preincubation of RIN5F (811:-:; jn th ... ; 

hypomcthylating agent 5-Azacytidinr: f:nh::ln-::'"j +_h,-' u1 t. im::Jt.p 

level of class l RNA and a.ntl;1c'n indu:ed Ly 'J gn"rl '111l(,ljflt, 'Jf 

conA supernatant. Incubs.ticn in thE:- [;r,::.:::;en,J· o!." 1 :/'- l'I;'['(Jr in" 

A did not inhibit class l inductIon. PIN~F' (1_ L~~" U IfI, 
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rf::Jponse negat:V'e phenotype 1) are addiU onal evidence that 

enhanced clacs l antigen expression on beta cells may play a 

mcchanlstic role in autoimmune rDDM and 2) represent 3. 

valuable system fer probing the simil'3.rities and differences 

in the interferon mediated inductIon pathways for c1ass l and 

II MHr: genes. 
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INTRODUCTION 

The major histocompatibility complex (HllC') t~lll;odc.:; 

primarily two general classe::: of polymorphie cell GUrfOL'(' 

molecules Hhich play a central ro]e in hnmune rer:ubt ilJ!: ::,Ild 

function (1). The class l antieens are cornrosed of ;l heavr 

chain found in noncovalent association with lhl" extl"CI--MW' 

encoded beta2-microglobulin The -:.lass TI or ra ant.igt:Il~, ::ln' 

compo sed 0 f n ol1C'ova len t l y ass oc ia ted alpha -!w l8 !-;t;:! ''''1" .:.-".1 i me' r::-. 

Class l antigens are expresse:d on most celJs albl'lt. in varyillr-; 

degret;?s whi1e class II antigen expres.:;ion i::; n,-'rnwlly 

restricted to cells of the immune system 

antigen function in the presentation of fc'relgn ::l!1ti1.:'_n u) th,_' 

immune system. Ir. this capacity, cla.:;s I :JI1Ugr:-I'-, rc'strÎ, 

antigen recognition by CD8+ lymphocytes Hhile ,::l::ls':; r: 

antigens 1'8strict CD4+ lymphocyte rel.:ognition. 

There are increasing data that ind1C3. to th,)', '1u:J11' J 1":Jt j 'iF 

variation in MHC antigen expression on ~l givon ((]] '_~Hl IJ~i'/I' '1 

profound influence on i ts immunùgen ic i ty 

animal tumors exhibit greatly redu,:,ed leve L-:: of _, b.:::~: l 

antigen (2). It is hypothesized that this lTl:ly 3Cc()UI!~ fc,t· th, 

abllity of these tumors ta evade immune sLlrveillanC"~ 

Enhan cemen t of the se l eve 1::: by tran s fl?C'tiO:l L' f :J ': l ::U.:, 

abrogates the tumorigenicity anr:! meta:::;t:.J.ti( pctc:-d,iLJJ '.:Jf ,;l r r. 

tumor ceUs. 
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tumor cells. Modulation ln cell surface MHC antigen 

expresslon is also a common feature during the early s~ag~s of 

organ speciflc au~olmmunity (3). Enhanced expreSSlon of class 

1 antlgen and aberran~ expression of class II an~lgens have 

been repor~ed 011 ~he beta-.:..ells of the pancreat1c is1ets c.f 

Langerhans (the target cellJ ln lnsulln-dependen~ dlaDe~es 

melll~\JS (IDDt1). 80th enhancea class 1 antlgen expresslon and 

aberrant class II antlgen expresslon have been hypotnesl=ea to 

play a role ln tne lnitla~lon and/or progresslon of thlS 

syndrome. 

The interferons constltute a famlly of hormone-like 

bloregulators Wl th plelotroplc functlon (4,). Immune or gamma-

interferon is produced by activated T lymphocytes and can 

induce the expreSSlon of a number of genes lncludlng those 

within the MHC. Indeed, this re.le as an in vivo rnodulate.r of 

MHC expreS510n is the focus of rnuch current investlgatlen as 

1) gamma-lnterferon appears ta have the capaclty to abrogate 

the tumorlgenlclty of cer~aln ~ransforrned cells and 2) gamma-

interferon elther alone or in con]Unctlon wlth ether 

lymphOKlnes lS conslderéd a llKely agent contrlbutlng to 

autolmmune lnflarnrnatlen. 

As tne ab111ty of gamrna-lnterferon ta modulata MHC gene 

expreSSlon exhlblts a tlssue-speciflc pneno~ype. lt 15 a 

phenomenen whose rno!ecular genetics need be e!ucldated in each 

target cel! of ~nterest. We have prevlously reported flnding 

enhanced levels of MHC class 1 heavy chain gene expresslon but 

:256 



, 
• 

l determined by immunohistochemistry of tissue socti0ns and 

northern blotting of RNA extracted from isolaLed islets (~. 

Ono, S. J. et al., in press), In this paper we have 

investigatE:d the effects of crude lymphokine preparations and 

recombinant rat gamma-interferon on MHC gl"nE.' l"XPl't'SSl"n jll th.'" 

rat insullnoma cclI line PIN5F (6), Thi~~ insllli.n pl'odn('ing 

pancreatic tata cell line was originalJy derivod from 3. 

n a tu r a Il y 0 ecu r l'in g rat i n su 1 in 0 ID a , Th i s ce Il 1 i Il'::' ex r' r e c~ :~ (' ::~ 

IOR levels of class l antigen and does not exprcs~ clans !I 

an t igens In this regard the cell Ulle exhiblts .1 Slmll:1l' 

phenotype to normal pancreatlC' beta cel1s and h~nce lS 3. 

useful model for the lnvestigation ,:.,f MHC rrodud ':'xf'rt·:~~;i'-In 

and induction (7). 
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HATERIALS AND HETHODS 

CELLS The PIN5F cell~ were obtained from Dr. P. Poussier of 

th8 MeGill Nutrition and Food Science Centre and maintained in 

HPMI 1640 medium sua·lemenled with 10~~ heat inactiv3ted fetal 

hOVlne serum. 1.1g/50D ml of HEPES, 5 x 10 3 units/100 ml of 

pf'nicillin, S ;; JO"3 units/l00 ml of streptcmycin, 148 mg/SOO 

ml glutamins and 0.1 mg/ml pyruvate. Cells were maintained at 

3t'proXlUl3tely 50~~ conf:uence and split 1:4 the night before 

experiments to ensure that cells wers in a logarithmic phase 

( of erowth at the time of induction Prior ta induction, cell~ 

;~ere relleted by centrifllgstion, washed in 15 volumes fresh 

complete media and seeded at a density of : x lOB cells pel' 

weIl in slx-wcll tissue culture plates 

HEAGENTS Concanavalin A and 5-A=acytidine wer0 purchased 

froUl Sigma Chemical Co. Cyclosporine A and recombInant rat 

t-!3mma -interferon Here kir.d donation.3 from Sando.:: o.nd Hoffman 

LaRoc he P harmaCE?11 t iCB 1 Corporations respec t ive 1 y . 

Cyc10~porine A was dissolved in dimethyl sulfoxide. 

MONOCLONAL ANTIBODIES. The OXS and OXlS monoclonal antibodies 

were obtained from Dimension Labcratolles, Sera Lab. CX6 

( react~ wlth rat I~ cr c1a83 II ~HC antigens wherea~ OX18 
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1 reacts with rat c13s~ ! MHC molecules. P3 do~s not cr0~a 

react with either clas3 1 or II MHC molccules and is ruutincly 

used by our laboratory as a control for r.onspv,_·lfj,~ bin.ilt:g 

Fluorescein--c.)njugated affillity purifled F(ab'): fl'~[l;mt-"'llt .[Joaf 

or rabbit antimouse IgG (F(ab')~ fragment .:~p(>,~jfil-) wa~ 

Hank's balanced solution contajning Hl% bovi:lè .::;et'll111 all'llmirl_ 

CULTURE CONDITIONS RIN5F cell:: wero indl1C'E:'d usine cltIF'l" 

su pel' n a t a Il t f l' 0 m C' 0 nA!:::; t i m LI J a t e d rat ;:; r' J e .. n :j C y t f' :.::; il ]' 

r~comblnant rat gamma-interferon at the ~anccntr~tiuns 

indicated Crude lymphokIne' prùparati .... n::, (CU') H,~rt; ['l'ef-',n,·,j 

by removing spleens from ether-3nesthc~i=ed AC[ rats ) 
Splenocrtes W'3re dis:::;ociated by forcIng t:.hp ':;i-'Jet:w~ tLrl'11?:h ,) 

sterile wire Sleve with R glass plung€f. 

washed and t,1'3.c0d in cultul'f. medIa cl)nLdninn: '--. ~1:A :Jl "3. 

concentration of 0.04 ug/ml 

hours. splenccytes wers removed from the ru~Jla 

A Il a f the CL P pre par a t i CJ n sus CciI ri t ~,8;, E:' '': XI"- l i III t:.l t:. W ( .. r ,_ 

from the same conA stimulation 

cells 

r e pli ': a t e ::t 1 i Cl Il 0 t s rem 0 '/ r: ':l a t set t i m>:: p:. i n t:4 [J ,-, :-; t 1:-. rj 1"; _ t l Î) fi 

for RNA extraction and flow cytometri~ ana11~1~ 
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ce1] culture conditions were used ta extract enough RNA fer 

northern blet analysis. 

FLOW CYTOMETRIC ANALYSIS. Surface immunofluorescence stajning 

of lndividual cells was annlyzed by flow cytometry. Samples 

r)f t X 10 A cells were incubated for 30 minute? at ,~ C in 100 

ul HBSS containe 10% BSA and ~5 ul specifie monoclonal 

alltilJl,dy at a saturating concêntl'ation. The c.slls were then 

wa::;h,,',j three times with 1 ml ice-cold HBSS;BSA solution. 

Primary antibody was detected with 25 ul fluorescein-

conjugated goat or rabbit antimouse immunoglobulin G 

(S:1tllrat.ing) . The cells were then washed as befare, 

resu~pcndûd in 100 u1 HBSS!BSA and fixed for 10 minutes in 1% 

~arafnrm31dehyde. Aljquots of the fixed cells were then 

diluted 1:50 in saline solution and analy=ed by flow 

cyloInPt.ry Median channel fluorescence was used as a measure 

()f relative antigen e;~preSS1()n as it has been established that 

llnder saturating conditions median channel fluorescence is an 

aCCllrate index cf antlgen rlen::::;ity on the cel1 surface (8) In 

the FACS Analy=er :.;yst8m u::lng l:)g ampliflc3tion, a 66 chanr.el 

Shlft in median channel flu0rescence represents a ten-fold 

inCI'E'8SE' in the number of moleQules found on a given 0811 

surface Each quantitation of antigen expression was bssed on 

flow cytometric analysis of 10 to 30 X 104 optical event3. 

RNA ISOLATION AND BLOTTING. For dot blet hybridization 
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analysis ~pproximately 5 x lOR cellz were collelted 3t c8ch 

time point and washed with ice-cald. sterilo PBS prior ta 

lysis with NP40. ~uclei were then pelleted and the 

supernatants retrieved. An equal volume of guanirline 

i sot lu 0 C yan 3. tes 0 lu t ion W a s the n 3. cl d e d t Il E' a c h su p e r 11 :'lt:Hl t , 

the S 0 lu t iCi n w a r m ('; d t 0 r 0 0 fi t e m p e r r.lt Il r -:, and t h (' n (> x t r 3 ete d 

once with egual volume of hot phenol 

supernatant was then ethanol prE..cipi.t~1ted, wa8hE·d once Wl t It 

ice-cold 70~~ eth::lnol and stored in :200 ul of 70"~ l>thallol unt 11 

use. Prior to transfor of RNA ta Z(·ta probe mom!'rane::: 

(Biorad, Richmond, rA. Cl4eO Ll), the pelleted r:NA fllm 1.J:l::; dllNI 

down under 3peed vacuum and resuspended in sterlle TE (lOmH 

Tr i8, 1 mM EDTA, pH 8.0). 

RNA we r eth e n rem 1) v e d f rom e a c h 8 am p l e and 0 l ' t l C'1 -: den :-~ i l i f<': 

read to normalize the 3lUounts (If F'NA loaded to (-:lI h lu-ll ,_"f l 

dot-blot manifc,ld. SDmrle.:::; wcre .jen3.tured Hith fC<l'm:.tl-ll'h:,·,j,· 

and combined with an eguéll volume of ~o x SSC', 1~( ::':D;~ ,'rl"l fIl 

load ing. Aftel' transfer of the samples to th,:-· m'_'ltlL,r~JII"! t L,· 

membrane was baked for two hours undE:1' vo..:.uurr .. 1',.j pl· ... -I:J:Jhc-t! lfl 

2 x SSC, 1~~ SDS prior t.ü prchybridl~atL;n 

formamlde, 5 x Denhn.rdt·s S()lutlOI~, tPNA ('{nO ub,'ml). 

polyadenylic acid (10 ug/ml). 0 1% SD:?, ::::r.d ::"d:ncJn :;:-,'": 11, r,t/A 8' 

150 ug/ml. Hycrirliz:1tions were c'3.rrit'j.i ou t_ ~l: f'I :1, 

prehybridi=ati~n solution 
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Kodak XK- J film at raom temperature with intensifying :;creens. 

Quantitation of the sign'3.ls was carried O'Jt by denE'itometric 

scannlng. For northern blot analysis, total RNA waz purified 

by re:~uspenSlon of cell pellets containing l x 10 7 cells i:1 10 

ml of 5 mM HEPES pH 7. C alld 5% 2-merc3pt':lethanol followed by 

homogeni~8tiolî in a Brinkman polytron f,:)1' two minutes. The 

hornogenate was then fi] tered through a cheesclotb anj 

centrlfuged for 20 minutes at 12,062 x g. The zupernatant was 

th.3n collected, Sarkosyl added to 4~~ and the solution layered 

nver provi~usly rrepared centrifuge tubes containin~ 5 7 H 

CsCl. Aftel' high :3peed ':entrifugation (3':.K, 16 hours), the 

pclletod RNA was rlnsed with water and dis~olved in 15 ml of 4 

H urea, 50 mM HErES p~! 7 5, 10 mM EDTA. RNA W8S extracted 

t w ic e w lt h e '111 i 1 i b r 3. t e d ph e n c 1 - c 11 1 0 r 0 f:) r In (1' 1 , , on c e w lt !l 

chJorofol'm nnd throe times ~ ... ith ether f'Jl~owed by ethanol 

pree ipl lat iGn RNA was resolved on 1.0% agaro~e gels after 

dc:natufation ln glYuxal dimetJ-.yl Gulfoxije anj blotted onto 

Zeta-rrobe membran~~ Hybridization probes were prepared by 

njck translation of purified restriction fragments of murine 

HHC clonos that WPfC kindly donated by L. Hoad. Californla 

Im.:tltUt.f' of Teehnohgy and P. Germain, National Institutes of 

Iles] th (9,10) 

IN VITRO NUCLEAR TRANSCRIPTIONS. RIN5F cells were harvested 

al several time points after induction with 1 unit/ml 

ft'combillant 1'3.:: g3mma-interferon for l'un-on transcription 



....... 

analysis. Nuclei from 5 x 10 8 ~el15 were isol3tpd following 

six strokes in a Dounee homogenizer and were incub~ted for 10 

minutes at 30 C in the presence of 0.5 mM ATP. CTr ~nd GTr 

with 2.5 uM alpha3~P UTP at a specifie activity of 10 uCi/nH. 

Labeled nuclear RNA W3S extraeted by hot pherlCl]/::.n~~ f':dr:tl~t j'Jn 

and following ethanol preeipibllon, waG purified by :H Lie1 

precipitation (5 x 10 6 cells/ml) 3t -:1 C FollCJWlfl&r UlIJd 

alkali cleavage (0.1 M NaOH at 0 r: for 10 minute::::) and 

neutralization with 2.0 H HEPES, 10 7 cpm (RNA frl)lTl 

approximately 2.5 x 10 6 cells) was used for each 

hybridi:::ation. The RNA hyhridl::ation ta a DNA dot m~trix Ha:::: 

for 36 hours at 60·C. Filterc were I-Inshed and dige;;tpd \Iith 

RNase prior to exposure to Kodak XK-1 film. 
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RESULTS 

INDUCTldN OF MHC GENES WITH SUPEPNATANT FROM CONCANAVALIN A 

STIHULATED ~PLENOCYTES. In arder la detcrmine the 

inducibility uf HHC class 1 an':! II ;58nc-s ln FIN5F we first 

t~sted the 3bility of a cru~e lymphokine preparation (CLP) 

From :onA ptimulated splenocytes ta elicit this response. 

Addition of CLP ta RIN5F cultures resulted in a five-fol~ 

enhancemenl in the amount of HHC class 1 ~e3vy chain RNA as 

measured by densitometry of dot blot hybridi::::;ation'3 (Fig. lA). 

c As was the case for aIl the experiments presented in this 

paper, hybridi.::üiun Hlth a bets.-actin ['robe was used to 

normali::::e any variation in the 3ffiount of In;:::-ut RNA. Ir, 

addltlon, cells Incubated in medium containing conA alone 

served as a control and did not cause 3 change of mPNA levels 

L'ver bachground (data not shown) Incubati=n af the ~ells 

with in~reasing amounts of CLP re3ulted in a dosc-jeren~ent 

IncrPBse in the amount of HHC 0lass 1 heavy chain RNA (Figure 

lB) [lor tlot hybridization:::: >-Tith MHC clas.::: II I-A ane! I-F, 

31~ha chain probes indlcated that bath loci (whos9 rat analcgs 

are tf'rmed RTl Band RT1.D, re3[>8cbvel:,r) a::-:e inducib1e in 

RIN5F cells with CLP. The densitJmetric signal for the two 

~IfIC cl3SS. II alp ha c h:1in.:: inc reased t hre e . fo Id OVE r bac kground 

i hybridi::'.ltion observed ir. '.mtreated cells (Fig 2) 
<IL 



J Su b s eq tl en t n 0 r the r n b lot z an ct i.u y.llr.,,- n Il cIe art r 3. il:':; r:: ri r' t 1 U W:; 

have indicated that class II genes 31'0 cilhcr 

transcriptionally off or express an undetectablc l~vel of 

transcript in unlnduced RIN5F cp]ls Enhancement in th0 

abundanC'e nf HHC C'l3.~:s l he8.vy chain RNA dc'curreJ L't.'th'eL'n fClur 

and eight hours postinduction (Fl[; 1) where::::::; induction L.f 

class II genes occurred between eig~t and twelvc hour~ (Fig 

We monitored the effect of CLP on the cell ~urf~cc 

expression of HHC clas~ l and II molecules hy flnw cytJmctrir 

analysis u;~ing the mllnoclona] antibodics OX6 311d OX18 

m.)noclonals are: routinely u:.:ed by u::.; ::lod oLuer:::: Lü d,.'f;Ft't ~!W' 

1, molecules on rat cells Priùr tl) inl ubaLHJri 111 CU' 1 !~l N5f 
• 

cells exhibited ::1 clas:::; II negatjve, c:as:: l !cIl! t'xr're~;~>J!' 

phenotype. We defined negatlvlty 3.S fluor,::scence h:.; t~HHl ,,!' 

equal to that detected on ~ells incubated wi t!~ tllC' ~-Lan(hr,j 

control negatlve monocL)l1al ôntibody P3 os thf' l,rimar:; 

antibody. [UN5F cells exhibited a ton tt) flft; "1: f,·l,-j 

conditions (Fig. 3). 

INDUCTION OF MHC GENES WJTH RECOHBINAN'l' r;p.M~.'\ ItITEf'FEf"\tl 

Having 8.3tablished th:1.t CLP CCIIl ~.-! '.·nha:.v: ~HI"':: ,br;r ; ~J '1'/:; 
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HHC c]ass IT gens express~on but nut cell surface antigen 

expression, we set nut to determine whether recombinant rat 

gamma Interferon alone could eIiait this ph~notypic change. 

Addition of racombinant ,amma- Interferon at a final 

concentration of 1 unit/ml to RIN5F cultures re3ulted in a 

tf:n--fold enhancement in the smünnt of I1HC' class 1 heavy chain 

RNA tW0nty hours after addition of the inducer as me3sured by 

densitolliEtry of northern blots (Fig. 4A). I-E alt:ha chain 

tran8cripts were undetsctable prior to induction. became 

(' v ide n t a t 20 11 0 Il r s p 0 s t 1 ~1 d li C t ion and con tin u e ci t 0 ris e as 

late as 48 hour~ postinduction (Figure 48). Incubation ~f the 

cells with incr€asing amounts of recombinant Interferon (from 

« 1 unit/ml to 10 unitsjml) resulted in a dose-dependent 

increase in the amount of I1HC class 1 heavy chain PNA (Fig. 

5) . 

Flow cytometric analysis of PIN5F cells treated with 1 

unit/ml recombinant garnma-interferon revealed a fifteen-fold 

enhancement in the level of I1HC class I surfa~e antigen 

expression 48 hours pcstinduction (Fig. 8) The level of 

C!R~S 1 antigen expreSSIon was perceptively increased at 8 

hours [>ostindllction and continueo to ris8 as late as 48 hours 

P C'" t j n duc t :i on . On the other hand, clasE II antigen expressiun 

remalned undeteclable as late a~ 48 hours postinduction (Fig 

6) Incubalion in increasing arnounts of rer0m~inant garnms-

Interferon resulted ln a dose-dependent increase in the !eve! 

of class 1 antigen expression (Fig '7\ 
1 / • We were unable te 
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of class l an~igen expression (Flg. 7). We were unatl~ to 

de~ec~ lnduc~lon of class II antlgen expressIon Wltn 1. ~ cr 

10 units/ml doses of recomblnant lnterteron ~~ h~urs 

pos~induc~10n (flg. 7). 

We perfc.rmed ln Vl ~ro nucle:r trôns.:rlptl·:·n2 t·: dEt.=:r:'l1;l-::: tl ... ..:: 

transcrlp~10n rates of MHC class 1 ana Il g-:=:nes prl"':'l' te· étrlCl " 

interferon. Transcrlptl0n rates were ae~errnlne~ b~ 

densitome~ry of dupllcate sets ot autoradlogrétphl~ E~gn~15 

resul ~ing from the hybr idlzatl0n of labeled néts.::ent HelA 

prepara~10ns ~o equlvalent amount2 of unlabelej class specifIe 

DNA immobilized to nltrocellulose. 

autoradl0graphlc slgnals between experlments were norrnallZo:':cl 

based on au~oradlographic slgnals correspondlng ta the 

transcrlption rate of beta-actln. There was no chétng~ ln the 

abundance of beta-actln transcrlpt upon treatment wlth 

lnterferon. Frl0r ~o lncubatlon ln lm:er! eron. rUUSl:'~ ':."::: II ~ 

exhlblted a low level oi MHC class l heavy chaln gene 

transcrlptlon (Iess than tor teta-actln) and no de:~:t~r L~ 

transcrlption of I-A or I-E alpha chaln gene horn01og~ (~ll 

8). Four hour~ postlnductlon, tnere was a tlV~-l~l~ ln:.' 

in the rate of transcrlptlon oi class 1 genes Whl1-:=: 

transcription of class Il genes rernalne1 undetectable. 

Sixteen hours postinduction ~he transcrlptlon rate of class 1 
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gen~s had r~sen ten-fola over the basal râte ana transcr~pt~on 

cf bath alpha cna~n genes was detectaole at a level 

approx~mately equ~valent to the basal rate oi class 1 

1: rans.: r ~p't~on . 

EFFE~TS uF 5-AZACYTIDINE AND CYCLuSPURINE A ON INDUCIBILIT) OF 

MHC CLASS 1 GENES. Pre~ncubat~on of RIH5F cells for 24 hours 

in 2 uM of the hypemethylat~ng agent 5-a=acytia~ne resultea in 

h~gner levels of ~nduct~on of class 1 gene express~on by 

gamma-~nterferon (F~g. 9A). Forty-e~ght hours post~nduct~on 

in ~O% CLF, RIN5F cells pretreated wlth 5-azacyt~d~ne 

expressed approxlmately one-thlrd more class 1 transcr~pt than 

cells treated wlth CLP alone. Pre~ncuoat~on ~n ~-azacyt~d~ne 

a150 enhanced the ult~mate level of class l ant~gen lnauction 

by CLP by three-fold (~O channel Sh1ft, F~g. lU). Add~t~on of 

cyclosporlne A ta the standard lnductlon react~on at a 

concentrat~on of 1000 ng/ml (a concentrat~on correspondlng to 

leveis found ln the serum of patlents treated w~th 

cyclospor~ne A) d~d not affect the transcrlptlonal lnduct~on 

of class 1 genes with CLP (Flg. gEl. In addition, 

cyclospor~ne A dld not block the lnduct~on of class 1 antigen 

by CLP. although CLP made in the presence of cyclospor~ne A 

(1000 ng/ml) was unaOle te lnduce class 1 antlgen expresslon 

(Flg. 10). 
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DISCUSSION 

RIN5F is a pancreatic bet.a-cull del'Îved, ,'mtjnuollr-:, 

olona1, insulin-proclucing cell line thnt W3.S nri~inally 

established by Gazdar and coworkers from a transplanlablc J'al 

islet ce11 tumor. Due ta the virtual impossibility of 

isobting a pure preparation of bata-cells. thi:::; ce11 lino 1,; 

an invaluable too1 for the study of the immun0-modl~t0d 

destruction of the beta-cells that oC'curs in type I, ,lUV":>I111>-' 

or insu1in-dependent diabetes me11itus and the m~chRnism~ 

l involved in evasion of immune surveillnnce by in~u]ino~a 

cells. A central player i:1 bath of thesr: plle:nl;l!Jf.:n. :trc 1\1" 

HHC an t igens . Bot h en h 3. n C' e d c- x p r .: s.::: :i 0 n 0 f ,.~ l r.L-: G 1 3. Il d ..:.lc n ,,,) v ~ 

expression of class TI antigen:::: on bet3. cell:::: hJV\ bC~('rl 

has been implicated in tumor cel1 eV3.Dion of immune 

surveillance. The seo b sel' v a li Cl n s a ,3 weI] ~l;:-: ,; i m i 1 ':11' f i Il d i rJ C ~. 

in aIl 0 g ra ft r e j e c t ion} gr a f t ver:::: u ::: h (, s t r cne t i CJI 1 ::.~, Q n ,-.-1 CJ 

number of autoimmune disorders 113ve stimu13Led the h:'T'llthe';1.; 

that quantltative as Hell as quallta.tive vari:Ü1C\r~ ln Mlrr' r.1'-:IJf 

e,xpression might be a determinant in t!1e ilTirnIHjt)~~·.:.l(1ty ,;1' (l 

ce Il. 

, 
negati'le, elass 1 10vl expressor phenGtyp':; ImmUfl 1_' 

' . • 
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hi~tochemjcal analysis of panc~eatic sections from newly 

diabetic or prediabetic human and rat blopsies reveals 

enhanced levels of c~ass 1 anttgen throughout the islet while 

the de. ll.Q.Y..Q appearance of class II antigens on islet bata 

c~dls remains a contrûversial finding. RIN5F cells are 

simil?r to endogenou~ islet beta-cells in that they exhibit a 

class II negative, ,-.lass 1 low expressor phenotype. We do nc·t 

know whether the levei of class l antigen Gn RIN5F 1s lower 

than on normal untran~formed beta-ceIIs. 

We have investigated the ability of CLP and recombinant 

gamma-]nt~rferon ta modulate the expression of MHe c]ass 1 and 

Ir ~elles in RIN.5F. We demonstrate that incubation of PIN5F 

colIs in various concentrations of CLP or gamma-interferon 

rt"'sults in a dose-dependent enhancement of class 1 antigen 

~xpression eight ta twelve hours postinduction. Class rr 

antigen expression, on the oth8r hand, is not inducible with 

thûse Jases of inducer as late as 48 hours postinduction T~3 

inability of CLP or gamma' interferon to induee elass II 

::1I1tig(~1l expreSSlon although indl1cing class II gene 

transcription, 3nd the lag bctween transcription induction and 

RNA accumulation, demonstrate a role for posttranscriptional 

level~ of control in gamma-Interferon induced expression o~ 

HHC genes ln RINbF. Chen anJ coworkers report similar 

findings with the hllman leukemic cell line K5S~ (11;. The 

class l antigen induction kinetics for RINSF are simi13r to 

those described by Jones and cowcrkers for murine 
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1 myelomonccytiC' cells, Rosa and .,èOWCrk'2rs fl'!' human tr.C'Ll!1onw 

ceIIs and by Chen and coworkers for K.')6:: (111:3). NC'l'tllt'rn 

blots indiC'3te that the level of class l heavy l'ha in 

tran:3crl.pts is enhanced at 8 hours postindl1c·ticll whill_' l'13~;~; 

II transcripts are not dete~table until :0 hour:::: 

~ostinduct ion, Th]::; stl'1kin~ differenee ln thL' llld:1L t lun 

kinetics of class 1 and II Mlle genes sur'rorU: t!v: fjndin t;,- l'f 

.J 0 n e set al, t ha tin die a t eth a tel as s l t; en·:' :::: a n' C':3 l' 1 y ~ill ' 

class II genes late responders te> g::UllITl3 - interferoll. OUt 

fin d in g s 1.1 sin ~ J.D.. vit r Q nue 1 car t r an::; C' r i p ~, i CHl ::; '.' 1 f' • 1 r ~ :: 

demonstrate a role for elev3h:d r::Jt8s of c]a~-::-: r g.,:,. 

'li.' ~ (, ri 

They als() sh.)'w that the different kin,':tic:',: 'Jf -h:;; :i!!' ~ r r 

k i net i c S 0 f t r ans cri p t i 0 fi 3. 1er, h 3. fH' e ru C:rI t:. a Il d ~ (' t-. 1 'l ~', i Cl! 1 t) (' 

Jones and coworkers (using garuma-i:-.tol'fët-(.,n:' r' f":'l ~ ':lmil,; 

fjndings of distinct transc'riptionaJ kir.E:tir',: f:r 

II MHC genes (14,15) 

periods of hours, are l~JLe traro::;cripti:Jl1'31 1'':.-.1 ',fI!' r.: '," 

that res~ond wlthin minutes (lG) 

1 l •• 1 

and II gen("s ln P.IN5F ~H(' ccmt= It.;x :in rpd .. lt ,'-,1: t , ' • :.' 

in ter fer 0 n in d 1J C e d g c; fi e::; a Il d 8. r (' l i k ,'; l j' '-1 i::-; +, l : l" f J '. r.: ,_ J' ~ 
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1 

other. RIN5f' ce11s, then, repre3ent a o,a1uable tc~d fer 

problng 1) the '.amilanties and differences in the interferon 

mE-diat8d induction pathways f0r c]uss l and II MHC genes :.md 

2) pOf;ttranscriptional levels of control in class II gene 

8X[H S lon 

S-ôza:ytidine :is documented tn have pleiotropic effects 

CJI1 ce11:-; and has been extJensively used in studies of the rolE 

of DNA methylation in the regulation of gene ex~'rc':2::,ir')n (17:. 

At a ~ ut-! concentration, ':-:J.zac~·tidine is noncytcb:';.;:i,: but 

l"el3in::J its ability ta inhibit cyto::::inf' methytransfen.se 

l nc-ub:'i t Ion ln 2 \lM 5 -a::acytld:n é, then, resl.d ts in +:.he 

hYI'omethylal:i on of genom ic DNA and l'las been d'jcuIr.'?ntpd to 

induee the expression of certain genes We demonstr:ot:.e in 

lhlJ psper thaL prE:'incubation of RIN:.F ceII::: i:-: :: uM "',

a::::J.cytidilIC results ln an inl;~eased maximal ~ev~: of ~LP 

nlt'!di3.ted inducUon of clas::.: l gene.:. Thes,? res\..: l ts 3ugg~S: 

thaL ~'-d::,1cytidln(' and g:-,mma-lr.tel'f.'r-::J!l ::1dditlvely induce 

c]:1'~S r gcne expreSSIon (suggesting that :-a::3.C'ytjdinE' and 

g :3 m lllR i Il t 1-' r fer ('Il e x f: r t the i r p f f e c: t : v i a dis tin c t m 8 C h;l.!1 i sm s) . 

rntl~:·t>'_~tlngly. Incubation In:-: uM 5-a'::éH,:ytidinf alone h.3.S 

~ 1LLl~ .- f:',)ct '_:1 the D3sal level of ClilS3 l gene expression 

T h l:~ ~; u 1~ g ( s t s t /13 t 5 -a::; il c y t id in e m i g h tex e r t it s e f f e ( t b Y 

f:wll: t..-1tlllg the' interaction of (a) gamma-interferon induced 

3('c'l,)nd mt"!ssenger(s) with cegulatory regjons of class l genès. 

Fur trI L' r 1 n \' (' s t l g:ci t i i) n s are nec e s s a nT t 0 und ers t il n d th i s 

1=' hCIlLlmelll.'l1 
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J 

( 18) . Indeed, we .:::ho\1 in tlli:.: t='~jpe:' Un~ , .... U' Itl:1dt' 111 • 1:. 

l-f't·!lt 

e~q.'res~ion We incubated RTN:-,F ('f'l ~;:; in t !10 l't '_ .-:' :1" -,1' 

y \ l,,"'~ 1 1 \ 1· : rI 1 f\ 

.' '!I ':' r 

3 ~ l rI 1 ! Il' 

l gene expression. 

The r e sul t;; p l' e sen :. e di!' +- h j:~ - t: rI':! 1 f r' ;1 r ' , "1 1 '_' 1:, 

.-, .. ..J 
UI •• ,-. c W r J r 1-: r: i' c: ~I ~. -

Il 3 mm 3.- in ter fer 0 n (20) 

performec by our group 0:1 t!1i.::: ~ln'! J 'l:ff'-'I" :,1 ~;'.~ 

induced to express lnH 1ev(;18 of ,":b.'-':;::; II 0ntJ:~"-n ~dt( r 

pro]onged incubation (48 hour::::) in high :l).;"~~ 'If ~:J~,~,'j 
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( jnturf~ron Cin excess of 100 unite/ml. data not shawn) T!lese 

r,o~:Jults support the re.-::ently i='ubli.::hec findings of Thcmas et 

a]. that indicate heterogeneity of the cell s~rfacc phenotypes 

of 3ubclones of the macrophage cell line WEHI-3 that have lost 

lhelf ID response but retalned their (Jass 1 response te 

g~mma interforon (21) Clearly, however, in aIl subclones of 

rUN~F that we have analy.:ed, enhancement. in MHC cla.:::::; l 

expreSSIon oeeurs 1) with a shorter latency period ~) at lower 

dC)S'J:=:~ of inducer, and 3) on far greater percentage of cells 

(Il'Jarly 10m~) than induction of c18ss II antigen 8",preS2.10n. 

The.~:t=: in vitro flfldings parailel those (If C'8mrhd l 3.nd 

cClw-;r!;cl'S who note t::! that incutatic'n of murine pancn?atic 

( 
~3mm3 -interferon 

H ~K antlgen expression on beta cells while la antigen 

~xpr~SSJun r8mains undetectable (~~). On the oth~r h~nd, 

L~~y'~ group has reporteG detecting class II antig~n 

e:'~'leSSlon on bets ct:.lls in a similar experiment, as ~.3.S 

P,ott.:i::;:O S C;l'OUp u31ng a cornbination of interferon :lnd tumo!' 

;~Ylithp.S1S (If t~l2tSé; II antibE:n (li) beta cell::: i?rior :c I!)DM arc 

~d;;.; '-'llntradh:tc1ry. The Cüoke and BCJtta,:,:::cl laboratories 

rq'Llrt abt.:'rr::l!lt clas::. II 8.ntige:1 e}:J;res:::;icn on beta c'Jlls 

çl'lllr to IDr'M in both ffi:l11 and the BB rat model of IDDM 

Id our lahoratory we have never observed a class II 

F0sitive beta-cell in prediabetic or diabetic BB rats (I~su-

1 Chergui et al" msnuscript submitted). A reeent paper by 
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t.hl':::;r~ findings, we are jn agreement ~ith Campbell's hypoth(·sis 

th:1t ellhanced class l gene 8xpreSSlon on islet beta cells or 

:=;urrounding ceIls (via a "bystander mech3.!1isllj") might FJay 3.n 

im[J(Htant r018 in the cascade of event::; leading to cytotoxic 

l'cautions in autoimmune IDDM. As it is not lme,wn wheth8r 

gamm:"l- interferûn €:nh::mces the expression Gf on1:1 thosc class l 

gGnes constitutively expressed or 3.ctiv3tes ncrmally .::ilcnt 

ch~.:;:-: l l!enes, enhanced (;1:1:::s l pxpressic1n on target cells 

might. r'.=sult. in th,;. ~ I1.Q.Y.Q. recognition of the target c.ells by 

preexi:::;ting 3.utoreactive T cells, 1)1' the activation of 

normnlly ::;ilent class l genes mitzht present tt:e target: '::ell in 

3n alloreactive context. Via either mecha!lism, we feel it i2 

:ilTlpor':ant to ser::,ollsly consider ::l. potential 1'01,= for >::nhanced 

(b:.:;~~ l gene expression on beta-cp.lls in IDDM. 
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FIGURE 1. Inducbon of cla3s l genl'" l'xpres::;iclll 11Ît.h 

supcrn'3.tant from concanavalin A stimulated splcl1')':ytes L1,.,t 

b lot h y h r id i :: a t ion :"3. n a lys i~; 0 f RNA j;, 0 1 :1t e d f r ,) ru ,1[1":, CL P 

t r e a t e d RI N 5 F c e 11 san li den s lt 1) ID e t r y c f Cl ut 0 r :l. d i (1 g r Cl phi C' 

signa]s. A) (_,top panel of dots) repre:3ento.tivc· re:':1111~~ or 

hybrldi::ation 1(,ith a 32P-labeled 2tl.8 bp Pst l fl':1[1IDenL fruDi 

the clas:::: l cDNA clone ph2Ila; ce, h,)ttom pan.:.:l of d()t-~~) 

hybridi::atlon with the beta actin probe pAl. B) f)o::~-, 

dependencyof induction of class l gene CXi'l'ef',::;lnn t-ilth CLF'. 

The hybridization probe 1:::: the class T probl2 pll~I1:1 (Â. tUl' 

panel of dots) cel]s treated Hith E~O~~ ':::U'; Ce,mld,-jJ,: [''11:-.;-1 dl' 

and annealed with the Leta o.ctin prob(;. R,.:l'J.tlh' 

hybridi::ation is in arbritrary unit::;. 
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1 

~'IGU RE 2. Indu c t ion of c1ass II gen e express ion with CLP. A) 

Dot blot hybridization of RNA isolated from RIN5F cells 

treated with 40% CL!? probed with the 4.7 kb BamHIjEC'oRI I-A 

alpha prob8 from the BALB/c H-2 d clone 24. ~ CA., t.op panel of 

Jots) and the beta actin probe C-, bottom panel of Jùts) B) 

cells induced Hith 40% CLP probed with the 700 bp Pst fragment 

from the I--E alpha cD NA clone pGem-IEd o.lpha (",top panel of 

dots) and the beta.a.ctin probe (., botiom panel of dots). 

1 
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FIGURE 3. InduC1bi11ty of MHC ant1gens on RINSF with 50% CLP 

48 hours pos~lnduc~lon. FAC~ analysls uSlng the class l 

directed monoclonal antlbody aX1S and the class II directea 

mOJloclonal antlbody 0Xb followed by secondary 1ncubat10n in 

FITC-conJugated goat or rabblt anti-mouse IgG2a. A) Uninduced 

RIN5F cells stained with FITC-labelea OX6. B) Induced RIN5F 

cells stained with FITC-Iabeled OX6. CJ Uninduced RIN5F cells 

stained with FITC-labeled aXiS. D) Induced RIN5F cells stained 

with FITC-labeled OXi8. 
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FIGUr.E 4. Y.ineti.:::; of accllmulation of MHC gene tr3.nscripts 

aftcr incul:Jation ir. 1 unit/ml recombJ.nant rat gamma-

inU,rrerOf1. A) Northern blc,t of RNA i.3olatEd from rIN5F ,:ell~ 

a tin die a t e d ti m e po in t s po s tin duc t ion \, i t r. t 11 e c la s s 1 pro!:) e 

und B) with the I-E alpha chain l'HOCe. RNA isolated froIn 

spleen W3.3 loaded in the lanes marked S. Equ:valrmt e.mOllnt.s 

(If rNA were lùaded in each 1ane and was C"onfirmed by 

hybridi::at:ion with u betû-actin probe (data not shown:'. 
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FlnUHE 5. Dû::-;e--dependency of induction ,)f clas::: l gene 

f,xpreS']lon afte.-r 20 hours cf incubation of PI~~,f cells in 

re,:.ombiJ.3.nt rat gc..mma- interferün. A) North-::rr: bL:·t of 

ùguivalcnt amounts of RNA isolated from cells induced with 

(L..tnes 1·-5 in order). 0, 1,5,7, and 10 unit3/ml gamma 

jnterferon probed with the class l probe. B) Same northern 

blot annealed with the beta-actin probe after removal of tne 

~lass 1 probe by boiling in dH20. 
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FIGURE 6. Klnetics of induction of MHC antigens aiter 

lncutatlon ln 1 unit/ml recomClnant lnterferon. The cottom 

and middle rows of panels are data from the FACS analysls of 

RIN5F cells lnduce~ wlth 1 unlt/ml gamma-ln~erferon and 

stalned wlth FITC-labelea OX18. The inolviaual panels ln the 

mlddle row repre5~nt cell preparatIons removed aiter tne 

indlcated hours postlnductlon; the bot tom row presents the 

same data sets as tne mlddle row but ln re~atlon to forward 

llght scatter. In the top row, the first two panels (from 

left to rlght) represent cells stalned wlth the negatlve 

control monoclonal antibody P3 at t=O and 48 hours 

postinduction, and the last two panels, cells at t=O and t-48 

stained wlth OX6. The middle panel ln that row is a merged 

hlstogram of cells stained wlth UX18 at t=4, 12, and 48 hours 

te demonstrat~ the progressive inductl0n of class I antlgen 

expresslO~. 
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FIGlJf-'E 7. D,.Jst. -d8t:,end2nC;t IJf indue t..ion cf MHe' :: 13.::;s l antigen 

::Jftc-r :'1 haurs uf incL.bation in gamma-intelferon. A) 

!Jnsf:::nnt;d. unLrested RIN~F ':..-::118, Cb-d stnined wilh FITC

laLeh,d OXlS) B) Untreated RIN5F colIs C) ~ urit/ml 

in ter f (: r 0 n, 0) 5 ù n lt s .' fi lin t s- r f (: r ,:m; (e - h 2; t a i n e:! w i t h FIT C -

laLc-led axc) E) UntreatE-d f:IN.5F cell:::, F) 1 unit/ml interferc'l1 

f li r ,18 h ü urs, G) 5 uni t s / ml in ter' .: l 0 n fer <18 h ,:; ur,:;, H) 1 ') 
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FIGURE 8. In vitro nuclear transcrl!.=-,tion of MHC gt?nes Ln 

isolated nuelai from RIN5F cells induccd with 1 unit/ml 

recombinant g;amma-interferon. RIN5F cells wert"' invubaL,-'d r(\1' 

the indicated periods of tille A) t:.O, B) t-=1, C) t-16 hOUl'fo, 

nuclei were isolated, and label~d nuclasr RNA exlracted after 

nascent chain elongation was allowed te proceed in the 

presence of alpha32 P-UTP (28). Labe l ed RNA W3S anrlt.Hlled lo 

:, 
[, 

dots of denatured DNA (correGponding to the locu::: SIH,:ci fil 

fragments useJ as probes in the proviou~ flgures) 3t th~ 

indicated concentrations on nltrocellu]ose filter~. 

RNA was removèd by dige:.:;lion witL RN::1se, :;Incl hybridE: detfd,uj 

by autoradiogra~hy. Relative rates of tran~cripti0n for u 

given gene at tht; different time points wt':l'e comp°ll't:,d by 

densitometry of the result.ing autoradiographie si~naL (with 

the beta-aatin signal serving us an int~rn31 control) 

1 
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FIGURE 9. Effects of 5-a=acyt1c1ne prelncubatlon or 

cvclosporlne A coincuCat1on on 1nduct10n of C~2S2 l gene 

expression with CLP. Dot blot hybrldl=atlons of RNA lsolated 

from RINSF c~llE at ind1cat~d t1m~ pClntE pOEt1nduct10n ln 4U~ 

CLP after preincubat10n for 24 hours in ~ uM 5-a=acytlclne (A) 

or coincubat10n ln 1UOO ng/ml cyclosporlne A tB,. The 

hybridization probe unless otherWlse 1ndlcated 1S the class 1 

cDNA probe. Al l+, tcop panel of dots) cell treated tH th ~O~~ 

CLP annealed W1 th the beta-act1n probe; t-} cells treate·j Wl th 

S-azacytldlne aleone; tÂ. mlddle panel 01 d.:ots J 4U~o CU-' alone, (e 

,bottom panel of dots) treatment w1th 4U% CLr aiter ~

azacytidine prelncubatlon. B) t+J 40% CLP, annea~ed wlth the 

beta-actin probe, (_,top panel of dots) 40% CLP, le, UMSU and 

40% CLP; (Â,bottom panel of dots) 40~~ CLP and cyclosporlne A. 
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FIGUfm 10. Effect. of prelncubaticln in 5-a':.1L'ytldll1'. 1.'1' 

coincubation in cyclospo:::ine A on c18':;8 l 3.nt igell ind\l,'1 :Ol1 hy 

CLP. FACS analy.::is -:lf RIN5F cel1.3 lI1duccd Wl th J(l~: CU' fln :>1 

hours and stained with FITe- labeled aX1S. A~ cell::.:: tr~nted 

with 40% CLP/cyclosporine A (this CLP was made using Lh0 

standard conA stimulation prot.ocol witb the addilinll lI; 

cyclosporine A at 1000 ng/ml). B) cells trcated with 40~ CLr, 

C) ceIIs treated with 40% CLP and cycl0s~orine A at lOOU 

ng/ml; D) cells preincubated ln 2 uM 5-32a~ytldin0 f~r :1 

hours prior to tre3tment with 40% CLP 
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Insulin-dependent diabet8s mellilus results from the 

~81ectivo destruction of the insulin-produeing Islets of 

Langerhans of the pancreas. IDDM ooeurs spontaneously in 

mice, rats and humans, and has a multifactorial etiology. 

Development of lOOK depends in part on heritable 

sU3ceptjbllity gencs, of which at least one resides within the 

major hlsto00mpatlbility complex (MHe). The aim of the 

researeh described in this dissertation was to investigate the 

nature of the MHe association of IOOM in the spontaneously 

diabetic BB rat. 

ASSOCIATIOl~ OF INSULIN·-DEPENDEKT DIABETES KELLITUS WITH GENES 

OF THE MAJOR HISTOCOKPATIBILITY COKPLEX 

IDDM in mica, rat::, and IrIUI1 is assGciated wi::.h genes 

wi thin the MHe Population and family studi~s indicate that 

al least one IDOM susceptibility gene re~idqs within the HLA-D 

region of the human MHC. The genes whieh encode the alpha and 

beta chain polypeptides of the class II moleeules of the MHC 

are located in this region. IDDM iG Most clcsely &ssociated 

w i th the HLA DR arld -DQ l(")ci \,i tllin this region. Of th-? two 

luei, restriction fragment length polymorphism analysi~ 

indicat8s that the strongest association i5 with the HLA-DQ 

locus. Two HLA-OR alleles are negatively assooiated with the 
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disease. Ame,ng Caucasian diabet ies. the DR'l DQw:~ :::. l'!\~', [1:\ 1. 

DR2-AZH. and DRw6-Dw19 haplotype.:; :11'e 3.sso(;ialed wi"1l 

susceptibility for H1DH, while DH':: Dw:. DR~>DwL~. DP~,. 31.,j 

involve ai. least thrt:·e réce:::;sive E;US,.'l2r· t ihi lit y gL'II(~, .l\t 

least one of these genes r'3sides Wit.t'. th: n:()u;:;,' ~f!lC \ Il :':) 

unique among aIl the sequenced I-A~~ta genes. 

but not rigorously proven that the 1 -At. .. ts .... ·hdin i~f.'n,~ JS Cltlt' 

of the ID 0 H ;:: use e pt::' b i lit Y g e n E: ~ i Il the NOD 111 C, U '- C: 

IDDH ln the BB rat abs0lutely req~ir~s lt l~~st one 

~ h rom 0 som e b e a r in g the RTl u h Cl. plo t. Y p ( ;:tt U-w M H C'. T Il r: 

are necessary but not sùffh::lent for the deVt:lllpmdJt ')[ I[)DM 

At least twc, other gelles and unknuwn L"IlVir("lm,~ntal :.t lfllUll ;Jr" 

PENETRANCE OF THE HHC SUSCEPTIBILITY DETEHHINANT(S) 

Severa1 DQ a1181es art::' fûund H, patients wlth IDDH, ;:;r, th,· ::11
'
: 

susceptibility cOlIlponent can ac..t in :.. dÛlliinard. f;:;::.~lli'.J:I. 

10% of patients with IDDM carry ont: 1';:.;i:o:Ü1DC8 dUel-; 'J~ 'III.: 

MHC. The rElative ri~k of individual~ L~aring two 

susceptibility alleles (although elevated) i~ ~Gl lorn~r~~bly 

1 
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Jifferent from individuals bearing a single suscertibility 

a1181e. In mice, the MHC susce~tibi1ity determinant i8 

(:18ar]y r8ces::;ive AlI non-NOD H 2 haphd .. ypes confer dom:nant 

resislance ta IDDM when placed on a NOD genetie background. 

ln rats, although the frequency of IDDH is elevated in an1mais 

homo~ygou~ for th0 RT1 u haplotype, diabetic heterozygotes are 

frequent1y oLserved. The penetrance of the MHC susceptlbiljty 

determinant ~a~ investigated in Charter II 18% of the F2 

uffsprtng from intercrosses between BB rats and normal Lewis 

aud Buffalo rat::; werE'- hetero~ygcJus for the RTlu hap10type as 

detormined by serotyping at the class l RT1A :OCU5 and by 

restriction fragment length polymorphism analysis at the RTIB 

and D class II 10C1 and (;1a3S l genes fla:lking the immune 

response region. These data demcnslrGte~ that a single 

c1nolllosurne carrying the RT11..1 hap10type i:s suffieient for the 

dcvelopment of IDDM in the BB rat and that the MHC associated 

~U~LCP, ibility determinant(s) are dominant traits. The BB rat 

model, thon, resembles human IDDM more closely than the NOD 

mouse model with regard ta p8n0tr3nce of the ~HC 

susc~ptibility determinant(s). 

KAPPING OF SUSCEPTIBILITY DETERMINANTS WITHIN THE ASSOCIATED 

KHe HAPLOTYPE 

The aosociation of IDDM with the HLA was first deEcribed 

fifteen years aga Subsequently, studies using serologie 

reagents mapped disease association to the HLA-D regian. 
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Jreater than 9!:,~~ of patient.3 with 1D[1M had tht.: HU\ r'(\,' 31:! vI' 

Subsequent studies employing restrh:tiClI1 fragnl>.:nt l'Ô'ngt Il 

polymorphism analysis indicated 3. stronger associ8tiun willl 

HLA-DQ than HLA·DR, tut did Ilot prGdsely ma!; :J. ::::U~-:;l'l~i'tlt)1 tl! y 

determinant or RFLP that correlated lolÎth 11:'011 ill tht-' lhl't.".' 

haplotypes that are permissive for 1DDM (DR1. DRJ ,l!1d ['P·l) 

It is still unclear how man y susceptibility detlJrnlllla/lt~ 

reside withln the fILA 

Tbe 3usceptitility determin3.nt(.:::) ln Lhe NOD n)CIU.;I~ MH'~ 

have net been formally mapped 

expressed in tbE NOD mou St.; , it i,::; gellt5:l':dty ;)~::';llm_,l th:.lt Lhe' 

transgenic NûD mice r8sulL~:; in pl :Jtect::''-'n rU)ll. n\['M TIl'.' 

cha ptE; r. eth ers il .:::i C' e p t i b i 1 i t;,' cl ete r m Hl ~.111 L s '. '.J il 1:J r .. > i. d , 

el~e~h~re in MHC. 

susceptibility deteuuinants in ~.he PB r~lt MES' bE·L'.-J' .. -r. t L,_ 

RTl.A and RTl.: loci. P r ~ v i u li .-:. L r e e di;. r :, t. u·j : ,::, 1. a i 

demonstrated th:J.t aL It:.a::..t onE: r_hlunw~CJm ... te.d·inl-~ LL, 

haplütype was neces~ary for the develüpm0n~ üf ID[~ 

not permissive for tri';: development ,_,f IDe!'! wl..:'r. i Ll ,l ,r. 'tl" 

BB r~t genetic background. 
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( 3.fJd 4 make use ,)f the recombinant haplotypes .....r.:1 and~. The 

.....r..1. haplot..ype rüsults from a recûmbination between the RTl C'-' 

lOCllS and the RT1.Ca locu.::;. ThE'.....I:,Q haf.'lot.yp.; re::;u1t:: f!o.'clm a 

recombin~tion beLween the RTI.AB locus and the RT1.Bu locus. 

~üuthern blot analysis indicated that the~e haplotypes 

.::;ustained only une recombinant event within the MHe. AnimaIs 

homo~ygous far the recombinant haplotypes were identified ty 

rest..r ie ti on f ragmen t l engt.. h p,_, 1 ymorph i sm ana lys i:::.: Bo th ~ 

.:Hld ~ Il'.Jnw.:yguus an imah .. deve lûped IDDM. As these animaIs 

were respectlvely homo=ygous far a non-permissive allele at.. 

t lit: RT1.C ancl RT1.A lOl-i, these experiments mapPE:'d the IDDM 

Luc~~ptiGility determinanls in the BB rat MHC between RTI.A 

anJ RT 1. C . Il should Le 811lphasizeJ that Uwse expel imen'ts are 

( UIII'.,lUe ln that the mapping ûf 3usceptibili ty gene:::: J.:::> nc·t 

LaSHd upon statistical correlation (a~ is the case with human 

IDDH) or by inferenee (as i8 the case with the NOD mouse) but 

')ll funclional as::::ay in vivo 

The rat immune response reglan, encoding the class II 

alltigens RTl.B and RT1.D, resides between RT1.A a:1d RTl.C. By 

inferenC8, the mapping of IDDM susceptibility ta this region 

would strollgly ~;uggest that one or bath of the class II 

molecules are susceptlbility determinants. Although there is 

no formaI pruof that this is lhe case, a report that IDDM 

'21)uld b8 prev€'nted 111 BB rats by the inJection of anti-class 

II monoclonal antiLody provides circullistantial sup~ort for 

this hypothesis. Although it is Iikely that one of the c·lass 

( 



II nlù le cul e sis a sus cep t ~ b i 1 i t Y d ete 1'!l1l na nt. th i:..~ J (.IL' S Ill:' t 

exclude the possibility that üther genes 31::;0 round in tilt, 

immune l'esponse region (or ut least, mapping b(_ t WE't.:'n I:Tl A and 

RT1.C) particip3te in genetic predisposltion fOl IDPH. 

Althoùgh aIl of the HHC linked su.::;ccptibillty 

determinants l'equired for the developmellt of IDDM 1I13p bèLI..J(>f-'ll 

RT1.A and RT1.C, it is of lnterest that thé' ..Ll....1. homl'''':YIo;(lll::-; 

animaIs deve10ped 3n IDDM with 311 o.ltErt~d patholugy ......rl 

homozygous diabetic animaIs pres8nted with spar~~t '_'1' o.b:...:enL 

pancreatic lymphocytic infiltratioll with truc> il1~~uliLi~, bpilJg 

a rare finding. This result indicat€·s that a ~;elJ'=-; "1' gellL!:; 

ciosely linked to the RT1.C l,)cus affects the m:n5n1 Ludv ur 

insu1itis. 

SEQUENCE ANALYSIS OF CLASS II BETA CHAIN GENES 

Wc.rldng on the assumptic'l1 tlidt t.h.=-> lILA D lird.t'd 

s uze e p t i b i lit Y d e t G l' llllll an t ( .3) for l D D !vI W t" r t:: t hl" C 1 a::; oJ l l Il L A 

gen e~, McD evi t t and h: s eo\.,or kers seq UPfj C o:.J go: tH:::; dl ud) n:~ Up-

four class II mo18cuh~s isolated from IDDM p::rtL,.::r.t::, ~"\rd 

he aIt h y (' 0 n t roI S . The y f ù und t h Cl t a Il ::; ~; Lj u e n cc: :::: :: d (; Il L l f J t" 1 1 II 

pat i en t s we r e aIs 0 pre sen t 1. n the n 1) r mal ;.,) p ,] lat l ,-) r: " : l,j 

concluded that IDD~1 i8 not the n:sult of mu.tJnt. t:l.J~'::- II 

aIleles. It was known, hüwev\.:r, th'-1t Il.JDM ',/3:_ J.~~_,-JCldLc·J 'VIlt!, 

associated with the DQw3.1 81101e. 

DQ alpha and beta chain gt:nes of the two al1"d .. ::o: ~;h'J,,/cd tfw! 
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while the alpha chains were identica1, the beta chains of the 

two DQ al181e3 differed st amino acid positions 13, 26, 45 and 

57. Position 57 was the only polymorphie residue that 

correlated weIl with IDDM susceptibility. AlI DQ a1181e8 that 

were negatively associated tilith IDDH had Rn aspartate st 

position 57, while those positively associated with disease 

had an alanine, valine or serine residue. Analysis of 39 lOOK 

pa tien ts ind i ca ted t ha t 90~~ were homozygous for non --asparta te 

at position 57, while 10~~ were nOIl-AsF/Asp hetero.::ygotes. 

None of the patienLs were Asp homozygotes. 

Sequence comparison of the l-A beta (the DG beta chain 

huInologue) chaIn genes of the NOD mouse and ot.her I-A beta 

al18185 indlcate that the NOD mouse a11e1e i8 unique among aIl 

( seguenced I-A bata al1elss. The NOD mouse I-A bata chain ha~ 

a Sel' at position 57, while aIl othel l A beta chains have an 

Asp al. that po~iti()n. In contrast ta human IDDH, however, 

homo=ygosily for the NOD l-A beta allela appears to be 

absolutoly requir~d for disease susceptibility. 

The breêding studias presented in Char,:,ters 3 and 4 

indicated that susceptibility de~errninant(s) found between 

R'l'1..A and RT1.C of multiple li haplotypes could permit the 

development of IDDH when placeû on a BB rat genetlc 

backgruund. These results strongly suggested that the 

suscepLibil1ty determinants encoded within this regian were 

Ilot unique to the BB rat lJ.. haplotype, and that resistanc:e 

determinants within the Wistar Furth genome would not reside 
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wi thin ,this region. In fact 1 sequLmcc analysis (if the bt:'t~l 

chain ganes of bath the RT1.B and RT1.D elass II molecules 

indicate that bath beta chains from susceptible and nOIl' 

susceptible BB rat strains have serine at rosition 57. 

Furthermore, serine at positi(1n 57 is found in sevel'al other 

RT1.B and RT1.D beLa chain alleles that dl) nl...t permit lh"" 

development of IDDM on a SB rat genetic b3.ckground. 'l'hus, 

the r e i s n 0 cor rel a t ion b e t w e en P 'J S i tic ri 5'7 3. n.j ID DM 

susceptibility in the BD rat, and the specifie sllGceptil.JiliLy 

determinanUs) within the rat MHC renlain unidenUfil'd. 
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FIGURE 1. Seguence analyzis of clas3 II beta c)WJr.;:; HI 

diabetes prone and resistant hllmans, mic:e and r:ü::: (Todd '.:::L 

al ., 1987). 
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FIGURE 2. Predicted structure of a class II MHC molecule and 

Io.::ation of amino acid position 57 (Paul, 1989). 

( 
309 



ABERRANT EXPRESSION OF KHC ANTIGENS AND IDDH 

Botta:::.:::o and coworkers set f()rth the hyp\)Lheds t b . .1L 

aberrant expression uf C~i.1Zs II mcl..:::cule:? might explain the 

correlation of rDDM susceptibility with specifie alleles ur 
these mo le c u 1l::Js . Aberrant expression would present ~clr 

antigen normally not seen by the immune sYGt~m, ~nJ wa~ 

hypothesized to be a potential primary event in the 

pathogenes i:::: of IDDM. C ircums tan t i a l .3uppor L for tilt.' 

h/pothesis came from the observation of aberrant ulass JI 

expression on the jslets of pancreotic tissue tal-;t?ll fl'olll a 

child tha t d ü~d of acu t e IDDtL Th i8 obst.:rv3. L.on r;; t imul a tc·d 

seve raI stud ies tba t in vest iga ted t he express ion 1] f MHC 

antigens on pancreatic is]=ts priar ta and at the tirue of 

anse t of lDDM. Additional studit-s were perfurmf.."d Lu 

investigate the inducibiliLy of MHC anligens 'ln p::Jnl~l'(:atjC' 

islets and on insulinoma cell lines upon exposure l0 clud0 

lymphokine preparati,:.ns and/or recombinant g3111m:J - illlerf'·1'url. 

The results of thesE: studies have been contradictory, am! lt 

remains llnclear whether aberrant expressiun (jf ,:l;js:: l T 

an t i g e n S 011 b e ta ce Ils a c tua Il y û c cu r .3 . 

that the la-positive, insulin-posltive cells that wer8 

reported in Bottazzo's initial publication may huv~ b0en 

mononuclear cells that had phagocytosed debris from ongolng 

beta-ce 11 des truc t ion. The st ud ies descr ibed in Un::.: thu:;; i::; 

indicate that aberrant class II expression does nl.Jt O(".r:ur (.JI: 
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( the Islets of prediabetic or newly diabetic BB rats. The 

results do indicate, however, that a very early event in the 

histopathology of the prediabetic pancreas is an enhancem~nt 

in MHC cla5~ l expression. Subsequent studies have confirme~ 

thesc observations, and the hypothesis that enhanced class 1 

expression might play a l'ole in the pathogenesls of IDDM is 

receiving growing support 

ON THE ROLE OF THE MHC IN THE PATHOGENESIS OF INSULIN-

DEPENDENT DIABETES MELLITUS. 

Insulln-dependent diabetes mellitus i8 a dlseas~ that 

results from a multifactorial etiology. Several genes and 

unknown 8nvironmental factors are necessary for the 

( developmenl of the disorder. At least one IDDM susceptibility 

gene resides within the MHC. Several facts strongly suggest 

that one of the susceptibility genes is & class II MHG gene. 

1) The breeding 3tudies described in this thesis ma;;:. the MHC 

associaled susceptibility genees) in the BB rat ta the immune 

response region. ~) There is a correlation betwen position 57 

of t.he HLA-OQ beta chain in man, and the I-A beta chain in the 

NOD moust3, une! susceptibility to IOOM. 3) Injection of anti-

class II monoclonal antibody into prediabetic animaIs ~an 

abrogate tho development ~f IODM. Finally, aS30ciation with a 

class II MHC gene 1s compatible with the proposed Rutoimmune 

pathogenesis of the disease. 

Assumlng that a class II MHe gene i8 a susceptibility 
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r determinant. how might it operate? The currelatlcn bL't\~f'l~!l 

IDDM susceptibility and position 57 of DQ bet.a alld 1 -A bt?ta 

serves as a good case. Position 57 18 hypothesi::ed lc, L,(' 

located at one end of the peptide bind:illg clt"'ft of a cl:.!!::;;:; II 

HHC molecule. Based on the crystal ctructure of lhe cInes 

HLA-A2 molecule, the amino acid at rùsition 57 wcollld I?L'lllt III 

to the peptide bindlng groove and .:;ould form ::.t SJl t bridgt: 

with an arginine found on the other alpha- hellx eIll:oded by LII" 

alpha chain gene. Therefore, the residue at püsition :,7 clllll.J 

profoundly affect the size and shape of the pt'ptide tnIldiIlg 

groove. Several other residues could al:..;,) affect th,' peptidt· 

binding groove and cùuld exp]ain asso~iatlon of IDDH with 1 

particular class II molecule in the 8B rat model 

A specifie conformation of a class II MHC mul,.:'cult.· t..:uuld 

affect the proper functioning of the immunp sy~lcm al two 

levels. Cl as::; II mol e C'u les exp r e ;:; SI;;' d in l he th y mus dire t; L 1 y 

influence the selection of the T ,.::e11 repertoire. A ~;P"]( ific 

class II moiecule might fail ta negativcly selecl 3 T ~~l] 

reyuired for the pathog,:;nesis of IDDM. AIt f-j r n n t. i '1 e ] "j, t ll'-~ 

assoc.iated cIa;:;.:;:: II molecule might. pûsiUvely !.~,.::'lect aIl 

autoreactive T cell. The asso8jated clas;; II lIIoh-cule l:ould 

also o~erate in the periphery, A particular confurmation Gr 

the peptide binding cleft might ailow the bindjng of 311 

autoanUgen Ilot normally seen by the immune systl::I!l that :;hal':,.:; 

an epitope with pancreatic beta celle. 

could also trigger autoimmunity A virus could hDrLur a L,:!.a 
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,-811 cross reactive peptide whose presentation by a c1ass II 

mo1ecule rel ies upon the conformation of the peptide binding 

cleft. Via any of these ml;chan isms, i t is not di ffieu 1 t to 

cnvi::;ion a raIe for a particular class II MHS molecule in the 

pa thogenüs is 0 f IDDM. 

How mig!1t Eonhanced class l MHC expression on the 

pallcreatü; islets contribute to the development of IDDM? At 

first glanee, the enhanced expression of c lass l molecu les in 

the prediabl~tic pancreas is enigmatic due to the mapping of 

sus Jep t ibi] i t Y determinan ts to the immune respons e reg i on of 

t:Je MHC. This dichotomy, however, could simply mf:an that the 

two phenolllena operate via distinct mechanisms. Class II 

associated susceptibi]ity determinants might operate as 

suggested previuusly, whlle enhanced class l expression might 

be controlled by allelic genes (found outside the MHC) 

encoding trans-acting factors. Class l antigens, then, Hould 

partie ipate in the pathogenesis of IDDM by quan t i tati ve and 

not qualitative means. Th.nefore, unlike the class II case, 

any class l antigen, if overexpressed, could contribute to the 

dt."velopment of IDDM. There is substantial evidence that the 

concen t raLiÜll of c lass l antigen on a target cell determines 

ils ImmurJogenicity. Pancreatic beta cells normally express 

very low leve l s of C lo.ss l an t igen. Overexpress i on of c lass l 

anllgen on pancreat!oc islets might present beta cell antigen 

ta the immune system de novo. Beta ce Ils express ing high 

( 
levels of class l antigen would also be more easily recognized 
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by cytotoxic T cells once autoimlllunity had initiatt.'LI. 

Finally, the transgenic exper iments have ind ica ted t!la t 

overexpress i on of c lass l an t igen on be ta ce Ils i:::; di r e (' tly 

cytocidal to the beta 8el1. Enh3nced class l exprcs:.d un ()Il 

beta cells could therefore contribute to tht: pathügl'nesi;.; of 

IDDM at various levels. 

THE PATHOGENESIS OF IV:'" - A SCENARIO. 

Multiple susceptibility genes are required fur Lh ... 

development of IDDM. At least one of these gones is lil~c .. ly tt) 

encode a class II MHC antigen. Positioll 57 of the HLA-DQ llela 

chain and of the I-·A b0ta chain correlates wilh dlsease 

susceptibility. This residue is positioned withill the' c:b:-::..; 

II molecule where it can exert a profound effl"cl (In t.hl.' 

conformation of the peptide binding cleft. As there is nC! 

correlation between position 57 and IDDM susc8ptibillly in t.h-:; 

BB rat, other l'esidues likely defille di::::t:.'ase su:::;ceptlbility in 

the rat system. These reslLiu83 ~He not uniqu':. to tho Br. r;Jt 

MHC, but are associated with the !J. haplotype. li. particubr 

conformation of the assoclated clas::::; II III 0 l ,:;cu lt.: pl'JklbJï 

exerts a primary effect at the level of thymie E:·duca1.iun. Thr" 

importance of thymie education in inf luent:' ing th,; devê l(J~)lIIr:!l t. 

of IDDM 18 best illustrated in the l-E tranLgcrd ,_ NOD m',U:,I.: 

that is no longer prone to insulitis :Jnd rrJuH. 1!,::rj!,abJ,.: 

predisposition for IDDM, however, only :Jet:.:; the ::.;la~~ fi-d'ail 

unknown ini t ial tr igger. It is unlik81y that th ~:-; tdggcr i~:; 
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the aber rant express ion of class II an t igens . In the BB rat, 

class II positive beta ce Ils are not observed, and in man 

their existence is controversial. Hyperexpression of class r 

HHC antigens throughout the pancreatic islets of prediabetic 

animaIs i3 a consistent finding. In ou r stud ies, we wer e 

unable to determine conclusively whether enhanced class 1 

~xpresslon preceded or was a consequence of early insulitis. 

Subseguen tly, Cooke and coworkers have reported that enhanced 

class 1 expression i8 the earliest phenomenon observed in the 

pancreas of pred labet ic BB rats. They report that enhanced 

class 1 expression precedes insuliti~ and the accumulation of 

EDl macrophages. The cause of enhanced class 1 expression on 

pancreatic islets is unknown. It has been suggested that 

viral infection might induce enhanced clazs r expression. 

Alternatively, a non-MHC encoded susceptibility determinant 

might encode a tlansactivator of class 1 genes. If enhar.ced 

class 1 expression results froID viral infection, thia would 

involve endogenous viruses in BB rats where IDDM develops in 

rat.s raised in gnutobiotic 8onditions. Whatever the cause, 

en hanced c lass l express ':'on cou Id play e i the rad irect or 

indirect role in the pathogenesis of IDDM. High levels of 

class 1 expres~ion on cel1s that normally express very low 

leve 18 0 f Glass l an t igen might resu l t in the de nova 

presentation of beta cell antigen ta the immune system. In 

Lhis scenario, enhanced class 1 expression would play a direct 

1'1,.)le in disease pathogenesis. Alternatively, enhanced class I 
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antigen could play a seconJary ~'ùle by ma:dll!Z ~)eta .:.:>Il.::.. 

easier targets for cyiotoxic T cells once autoimmunity ha::.: 

already initiated. Finslly, enhanced class l expressiun ('l111Id 

be directly cytocidal to beta cells 

Clearly, many questions remain to be answereJ with 

respect ta the causes of IDDM. 

thesis and in the literature suggest that bath L'la::> .. l CJnd 

class II HHC molecules may play a role ln the develupmcnt l)f 

IDDM. ln the case of c:lass II mCJlecules, reGe::i!'l"ht'r~j lllu:.;l 

focus their efforts on how particular class II molecul~~ 

predispose the individual for IDDH o the t" l"€: ;:; e a r (' h shi) 1 1 1 d 

probe what l'ole enhanced clas::: l E-xpressicln mig!lt r13y ill 

disease pathogenesis. These experimentf; sheuld !1wke USt~ (If 

transgenic mice and should focus on m(Jthûch:: Ll. sel,-·d.ively 

down regulate class l expression in pallcreatic i:::;let:-, 

Finally, an intensive; effort ::.hould be made to locate (JUler 

IDDH susceptibilit:; genes. The existence of Hell defjned awl 

characterl::ed animal models of the dise3se will f~Ic1.lil :!tc' 

these efforts. 

1 
316 



« 

1 

CLAIKS TO ORIGINALITY 

The following results presented in this thesis are original: 

1) A single dose of the !J.. haplotype of the rat major 

histocompatibility complex (RTl) is shawn ta be sufficient to 

permit the development of insulin-dependent diabetes mellitus 

in the BB rat. Diabetic animaIs heterozygous for the U. and b. 

haplotypes at the RTl complex were identified by restriction 

fragment length polymorphism analysis (RFLP) using multiple 

class 1 and class II MHC probes. 

2) Diabetic animaIs homozygous for the ~ recombinant 

hap lotyp(;: were iden tif ied by RFLP analys is. The deve lopmen t 

of IDDM in these animaIs demonstrates that the RTl.A locus i8 

not jnvolved in disease susceptibility. 

3) Diabetic animaIs hcmozygous for the .....l:.4. recombinant 

haplotype were identified by RFLP analysis. The development 

of IDDM in these animals demonstrates that the RTl.C locus i5 

not invùlved in disease susceptibility. Together with claim 

2, JDDM susceptibllity determinants map between RTl.A and 

RTl.C, i. e. to the RTl immune respanse regian. 
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·1) Susceptibility dt?terminants lOL'ated with the !3B t'3.l u.. 

hap10type are likely not tü be unique to the BB rat Thl" 

demonstra t ion t ha t ra ts homo::yglllls for t hl~ ~. .....l.:Q and W l S t ~!' 

Furth Il. haplotypes develop diatet0s slrc'ngly su~gpst~~ tl13L ~\lly 

U. haplotype can permi t the develCJpm8nt of IONi wht-'11 p l::ll:ed (ln 

a BB rat genetic bacl~groun,j. 

5) Expression of MHC claBs l hea\TY chain gent:(::; 1 i~; cr h3.I~\..'t.'d 

in the p::mcreatic Islets of prediabutic and llewly diabe! iL BB 

rat s . Nor the r n b 1 (1 t tin g 0 f RNA i S 0 Lü e ct f r li mi::; 1 e t S (1 f :.1 g C . 

matched BB tind ~·listar Furth rats indicates that enhanc(>J 0::13:'::::, 

l expression is a very early event that precedes the ùn::;(·L ",f 

over t IDDM. 

6) Incubation of RIN5F cells I-dth cruele lymrhc,kln t': 

preparations or recombinant gomma-inr,er:eron n.':..,ultc'd i:1 tll' 

induction of both c,]ass l ond lJ HHC gcnE:s Indul.Li·):1 (Jf th,. 

two classes of genes fGl10wed very dlfferent kin0ti~s, 

however. 

induction of the genes had a transcriptionsl l,o ~js 

class II RNA was Indue.:=d by treat.ment with gamnJ~J. Jntt:.::r:t::'rol., 

class II antigen was not detected on th,;:: cell sUl'fac'.' :J':; 

assayed by f101-1 ..:::yt.ometric analY:Jis. Pl"einGU8:-Jtion ,-,f rntl'jF 

cells in the hYPoID8thylating agent ~-azacytidinl-' I.::nh<'lflu::d tht~ 

induction of c1a3s l RNA. while the additiun ur cy(;lUS[Jr1i'lno:: A 

did not. inhibit the induction of cla::::;;; l geIJE:(s) 
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