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ABSTRACT
The major histocompatibility complex of the rat (RT1I complex)
encodes two sets of class Il molecules referred to as RT1.B and

RT1.D. The complete structure of the RT1.DOY chain of the diabetes
prone BB rat was determined by the isolation and characterization of
a full size cDNA. Comparisons of the nucleotide and protein sequences
of RTIDX with the analogous molecules, H-2 I-EQx and HLAR DR,
revealed that these alpha chains have been highly conserved during
evolution. Southern blot analysis indicated an association of the RT1
haplotypes, ’u’ and °'l’, with Bam Hi DNA ‘bands of 9.8 kb and 11.7 kb,
respectively.

The BB rat develops insulin dependent diabetes as an autoimmune
abnormality. Accumulating evidence suggests a cellular mediated
etiology and the involvement of class 11 molecules. The steady state
levels of RT1.DOX mRNA were measured in splenic lymphocytes of
diabetes prone BB rats and age matched histocompatible normal
nondiabetic WF rats by a RNase protection assay. Compared to WF
rats, elevated transcripts of RTIL.DX were found in lymphocytes of
young BB rats (*4x and ~2.5x greater at 20-40 d and 40-75 d,
respectively). In lymphocytes of older diabetic and nondiabetic BB
rats O?5 d) the levels of RTI1.DX mRNA were lower than in the young
BB rats and were found at the WF control levels. The increased
steady state RTIDQX mRNA levels in the woung BB rats mau reflect
differences in the proportion of splenic lymphocytes expressing this
gene (activated lumphocytes), and thus differences in splenic
lymphocyte populations. The steady state RTIL.DX mRNA levels in
lymphocytes of the normal rats were found to be relatively similar
at all ages examined. The increased class Il gene transcripts found in
lymphocytes of young BB rats indicates that they possess a highly
activated immune system.

INTRODUCTION

The major histocompatibilty complex (MHC) is a multigene family
which encodes various cell-surface and serum glycoproteins involved
in the recognition of foreign antigens and in the generation of an
immune response (1). The MHC has been highly conserved throughout
vertabrate evolution and is divided into related groups of genes on
the basis of similar structure and function. The class II genes
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encode molecules which guide the presentation of antigen to
regulatory helper T cells; the antigen-specific receptors of helper T
cells recognize foreign antigen in association with class Il molecules
(2,3). The class II molecules are predominantly expressed on the
surface of antigen-presenting cells such as macrophages, dendrictic
cells, B lumphocytes, and also certain epithelial cells and activated T
cells (2). Class Il molecules are heterodimers consisting of a 32 kD
alpha chain noncovalently associated with a 29 kD beta chain. Both
alpha and beta chains each consist of two extracellular domains, an
anchoring transmembrane segment and a cytoplasmic region (4).
Several alleles of both alpha and beta chains have been described in
mouse and man ¢5,6)>. An unusually high level of poluymorphism has
evolved in the extracellular membrane-distal domain of class Il beta
chains, whereas the alpha chains often remain constant (7). ARlthough
there is considerable homology between the gene products of the
MHC region between species, the organization of the complex is
somewhat different in different species.

Genetic and biochemical characterization of the rat MHC (RT1
complex) has not progressed as rapidly as the characterization of
the mouse and human MHC’s. This is primarily due to the scarcity of
recombinants in the RT!1 region. A better understanding of the RT!
complex is required not only for evolutionary studies of the MHC,
but more importantly because the rat provides several experimental
models of autoimmune disease. Six loci have been identified and
mapped in the RT1 complex with respect to one another (8). The class
I1 genes are located at two of these loci, RT1.B and RT1.D, which code
for the molecules RT1L.BX and RTLBB, plus RTLDX and RT1L.D3,
respectively. The RT1.B and RT1.D chains are analogous to the alpha
and beta chains of the mouse H-2 molecules I-A and I-E,
respectively, and of the human HLA molecules, D@ and DR,
respectively.

The Wistar derived BB rat is a model of spontaneously occuring
insulin dependent diabetes mellitus (IDDM) which exhibits features
strikingly similar to human juvenile onset or type [ diabetes (9).
Approximately 50%Z of diabetes prone BB rats develop IDDM as a
consequence of an autoimmune abnormality which is characterized by
insulitis and the specific and selective destruction of the insulin
producing beta cells of pancreatic islets (18). BB rats also develop
other autoimmune disorders such as thyroiditis, and suffer a
profound T cell lymphopenia with a virtual absense of cytotoxic and
suppressor T cells (11). Many of the features of IDDM and the BB
rat have been recently reviewed (12). As in humans, susceptibility to
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the development of IDDM in the BB rat is genetically associated with
the MHC (<13); all insulin dependent diabetic rats have the RTIY
haplotype (14). Genetic studies indicate that at least one other
recessive autosomal gene which is not linked to the MHC is necesary
for IDDM susceptibility in the BB rat (13,14). The available evidence
suggests a cellular mediated etiology of IDDM in the BB rat and the
involvement of class II molecules.

In studies on the possible role of class II molecules in
spontaneously developing autoimmunity associated with IDDM in the BB
rat, we have isolated and characterized rat class II cDNA genes (15).
This communication describes the complete structure of the class Il

alpha chain, RT1.DQY, determined by the isolation and characterization
of a full-size encoding cDNA clone, and measurements of RT1.DX gene
transcripts in lymphocytes of the IDDM-prone BB rat and normal
nondiabetic rats.

MATERIALS AND METHODS
Purificati f RNE { cDNA cloning.
The following rat strains were used which expressed the

serotypically defined RTIY haplotype: BB (Hospital For Sick Children,
Toronto); MWistar Furth (Harlan Sprague Dawley); and Long Evans
Hooded <(Charles River Canada). Total RNA was extracted from
suspension splenocytes into guanidine isothiocyanate and purified by
centrifugation through cesium chloride (16). The samples of total RNA
used for RNase protection studies were adjusted to 58 Rpgg units

ml'l. RNA integrity was estimated by electrophoresis on formaldehyde

agarose gels (1?7). Poly A* RNA was purified by two rounds of affinity
chromatography on oligo-dT cellulose (18). The synthesis of oligo-dT
primed first strand cDNA with AMU reverse transciptase, and of
second strand cDNR, carried out with DNA polymerase, ribonuclease H
and DNA ligase, was by the method of Okayama and Berg (19), as
modified by Gubler and Hoffman (20). Double standed cDNA was tailed
with poly dC and cDNA’s larger than 880 bp in length were purified by
size fractionation on a Sepharose CL-4B column. The cDNA was
annealed to pBR322 previously tailed with poly d6 at the Pst 1 site
and transfected into Escherichia coli strain JF1754 (21), yielding 4 x

186 transformants ug'l cDNA.
The cDNA clones were screened by high density colony
hybridization on nitrocellulose filtres (22> with a DNAR probe of 566
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bp purified from Pst 1 digested pRTI-Da"-1 (15). Hybridization was
performed at 42°C for 16 hr in the presence of 106 cpm-ml'l of
nick-translated probe in a hybridization buffer (50X formamide, 5xSSC,
Sx Denhardt’s solution, 58 mM sodium phosphate, pH 6.5, 18 mg m1~!
glycine, ©.1% SDS, and 100 ug ml~! sonicated and denatured salmon
sperm DNR). The filters were washed four times at room temperature
for 15 min in 2xSSC, @.12SDS, followed by two washes of 30 min at

60°C with ©.1xSSC, 0.1%SDS. The filters were autoradiographed at -708°C
for 12-36 hr using intensifying screens. Positive colonies were picked
and repurified.

NHucleotide sequence analusis.

Restriction site mapping was carried out with restiction enzymes
individually or in combinations of two or three. DNA fragments were
subcloned into Mi3 vectors (23> and sequenced by the chain
termination method using dideoxynucleoside triphosphates (24).
Purificati ¢ DNA. S ] usis.

Plasmid DNA and high molecular weight liver DNA were purified as
described (25,26), respectively. Liver DNA was digested with

restriction endonucleases (6-10 units ug'l DNR> for 8 hr, phenol
extracted and alcohol precipitated. The DNA was resolved on 1%
agarose gels and transferred to nitrocellulose filters according to
the method of Southern (27). The filters were prehybridized and
hybridized as described above. The DNA probe used was the full-size

insert from pRT1.DO%-11 which was C32P3-labellcd by nick translation.
The filters were washed and autoradiographed as described above.

Analusis of RTLDQ mRNA levels.

The riboprobe plasmid pT?/RTI.DOXY492 was constructed by the
ligation of a 492 bp Pst 1| - Sac | DNA fragment, exised from the

cDNA clone pRTLDOY-1 (15), into the similarly cleaved vector pT7-1.
The insert DNA encodes amino acids 85 to 229 of the RT1.D0™ molecule

plus 49 bp of the 3’ untranslated region. Plasmid pT?/RT1.DO“492
carries the insert DNA in antisense orientation with respect to the
77 promoter. Transcription in uitra with T? RNA polymerase of the
template DNR linearized with Sca 1 yielded a primary transcript of
1116 nt, of which 470 nt was complementary with RT1.DOX mRNA.
Radioactively labelled antisense RNA was transcribed in wuitro,
purified, hybridized in solution with the target RNA, and processed as

described (28). The protected C32PI-RNA was resolved on 8 M urea,
3% polyacrylamide gels and displayed by autoradiography with Kodak
XAR x-ray film exposed for 12 hr to 3 days. Quantitation of
protected c32p3-RNA was performed by scanning densitometer analysis
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of the autoradiograms at a fixed wavelength with a Hoefer 65300
scanning densitometer and integration of appropriate peaks.

RESULTS AND DISCUSSION
Isolati { b terizati f RTIDQ cDNS

A size selected cDNA library was constructed from poly A* RNA
purified from suspension splenocytes of the BB rat with the aim of
obtaining full-size cDNA clones. Ten thousand recombinant clones were
screened by colony hybridization with a nick-translated 566 bp DNA

probe purified from Pst 1 digested plasmid pRTL.DA“-1 DNA US).
Fourteen independent positive colonies were identified and selected
for plasmid isolation. Restriction enzume analysis showed that
identical restiction maps were found with respect to internal
multirle cleavage sites. This suggested that a single RTL.DX gene is
transcribed in the rat, as is the case for the analogous gene of the

mouse and man (6). The plasmid pRTI.DOY-11 contained the largest
insert and was selected for further studu.

The complete nucleotide sequence of the pRT1.DOY“-11 insert was
determined and is shown with the predicted amino acid sequence of

RTIDaY in Figure 1. The CcDNA sequence is 1138 bp in length,
terminating in an 18 bp poly R tract at the 3’ end, and flanked by
6/C tails of 22 bp and 13 bp. Beginning at nucleotide position ?, an
open reading frame of 765 nucleotides was found which terminated in
the stop codon TGR and was followed by a 3’ untranslated region of
364 nucleotides. Two putative canonical polyadenylation signal
sequences, RAARTARA (29), separated by a single T nucleotide, were
found 14 and 21 nucleotides preceding the poly A sequence. The

partial nucleotide sequence of RTI.DOY previuosly reported «5)
agrees with the sequence of pRT1.DoM-11.
The amino acid sequence predicted for RTIDOY (Figure 1)

indicates that pRT1.DQY-11 encodes the complete precursor RT1DOY
molecule of 255 amino acids with a nonglycosylated calculated Mr of
29,023, which includes a signal sequence of 25 amino acids. The
structure of the rat RT1.D alpha chain is similar to that reported
for the analogous molecules of mouse and man (15,30-32). The mature

RTL.D QY chain contains 238 amino acids which specify the amino
terminal o1 extracellular domain (amino acids 1 to 84), the «a2
extracellular domain (residues 835 to 178), a connecting peptide of 13
amino acids <(positions 179 to 191), a highly hydrophobic membrane
anchoring domain of 23 amino acids (positions 192 to 214), and a
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cytoplasmic tail of 16 amino acids (positions 215 to 230). The

nonglycosylated mature RT1.DOM protein has a predicted Mr of 26,182.
Comparisons of the nucleotide sequence of the coding region of
the rat RT1.D alpha chain with the DNAR sequences of the analogous

genes of the murine 1-€ad chain (38> and the human HLA DR chain
(32> are shown in Figure 2. These analogous alpha chain genes exhibit
extensive nucleotide homology, as previously reported (15). Overall
DNA homologies between protein coding regions of 86%Z and 74% were

found with the I-E0d and HLA DRQ chains, respectively. Comparisons of
the 3’ untranslated regions showed 74X and 54%Z nucleotide homology
with the mouse and human genes, respectively (15; data not shown).
The nucleotide differences are found randomly throughout the length
of the alpha genes, indicating that the nucleotide replacements likely
represent the evolutionary distance between the three species. The
rat RT1.Dx gene exhibits greater nucleotide homology with the I-Ex
and HLA DR(Q genes. than with the other rat alpha chain gene, RT1.BX
(33). Nucleotide comparisons of the rat RT1.DQX sequence with the
partial RTL.BX sequence showed 65%Z homology in the coding region and
less than 30Z homology in the 3’ untranslated region (15; data not
shown). This is not unexpected for the two alpha chain genes which
presumably evolved by gene duplication prior to mammalian speciation.

RILDX molecule.

The predicted amino acid sequence of the RTL.DQY chain was

compared to the sequences of the I-Ead and the HLA DRQ chains
(Figure 3). A high conservation of sequence is evident, as reported

earlier (15). The levels of protein identity between the RT1.DOY and

1-ead chains, by domain, are presented in Table 1, and are as follows:
sighal sequence, 84%Z; 1, 92%; a2, 88%; connecting peptide, 100%;
transmembrane region, 83%; cytoplasmic tail, ?5%; and overall mature

protein, 88%. Between the RTL.DOY and the HLA DRX: signal sequence,
68%Z; a1, 83%; a2, 82%; connecting peptide, S4%; transmembrane region,
65%; cytoplasmic tail, 69%; and overall mature protein, 78X Over the
length of the mature alpha chain sequence, 627 of the amino acids

Figure 1. Nucleotide sequence of the cDNA insert of pRT1.Da“-11 and
the predicted amino acid sequence of the RT1.DOY chain. The vertical
bars designate the putative alpha chain domains: 5’ untranslated and
sighal sequence (nucleotides 1-81; amino acids -25 to -1); 1 (nts
82-333; aa 1-84); (X2 (nts 334-615; aa 85-178); connecting peptide (nts
616-634; aa 179-191); transmembrane <nts 63535-723; aa 192-214)>; and
cytoplasmic plus 3’ untranslated (nts 724-1138; aa 215-230). The
underlined sequences are two tandem canonical polyadenylation sites,
RATARAR (29), at positions 1112 and 1119.
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Figure 2. Nucleotide sequence homology of the coding regions of the
analogous alpha chains which specify the rat RT1.DOY, mouse 1-ead
and human HLA DRX (32). Homologous DNAR sequences of the I-EX
and HLA DRa chains are indicated as dashes except at positions where
theu differ from the RT1.DX sequence. Deletions are

3,

oblique slash.

indicated by an
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Figure 3. Amino acid sequence homology of the rat RT1.DQY chain with

the analogous chains, 1-ead ¢38) and HLA DR (32), and the other rat
alpha chain, RT1.BQ (33). Homologous positions are indicated by dashes
and deleted amino acids by an oblique slash. Unknown sequences are
indicated by dots. The vertical bars indicate the putative alpha chain
domains: signal sequence (position -25 to -1); a1 (position 1-84); a2
(position 85-178); connecting peptide (position 179-191); transmembrane
(position 192-214); and cytoplasmic tail (position 213-230>. Overlined
positions indicate the cysteine amino acids (positions 107 and 163>

which may form a disulfide bridge, and two putative asparagine-linked
glycosylation sequences (positions 78 and 118).

(143 of 230 positions) are conserved. Figure 3 also indicates several
structural features common to the three alpha chains. The two
cysteine residues at positions 187 and 163 likely bridge a disulfide
loop of SS amino acids in the a2 domain, resulting in an
immunoglobulin-like fold of alternating beta-pleated sheets and bends
(31). This immunoglobulin-like structure is recognized by the presence
of several highly conserved amino acids that are characteristic of
immunoglobulin constant region domains (31,34). In addition, the 01 and
a2 domains contain the conserved potential asparagine-linked
glycosylation peptide sequence, asn-x-thr, in positions 78 and 118,
respectively. R comparison of 26 MHC class II alpha chain seaquences
has recently been reported which shows in detail the distribution of
. species specific and allele specific differences found in the alpha
chains of the rat, mouse, rabbit and human (35). The comparisons of
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Table 1. Amino acid sequence homology among class Il alpha chain domains?®

Domain Camino acid position) % amino acid sequence homology with RT1.po4
H-2 1-Ead HLA DRQ RT1.B

ss -25 to -1 847 (21/2% 6072 (15/2%) -—-

al (1 to 84) 92% (?7/84) 83% (706/84) ---

o (85 to 178 887 (83/94) 82% (?7/94) 62% (48/78)
cpP 179 to 191 100% 13/13) S4%Z (72713 314 (4713)
™ 192 to 214 83% (19723 65% (15723 70%Z (16723
Cyt 215 to 23@® ?S%2 (12716) 697 (11/16) 312 (5716)
Overall {1 to 23® 887 (2042308 787 (180/230) 5674 (737138

a. Sequences of H-2 l-Ea", HLR DR, and RT1.BOX were from ref. 30, 32, and
33, respectively. Abreviations: S5, signal sequence; CP, connecting peptide;
TM, transmembrane; Cyt, cytoplasmic.

intra-species alleles indicate that the RT1.DQ, I-Ex and HLA DR chains
exhibit little if any polymorphism and that they represent the most
invarient class Il molecules.

The rat RT1.D alpha chain is more homologous with the analogous
mouse and human alpha chains than with the rat RT1.B alpha chain, as
shown in Figure 3 and Table 1. This supports the hypothesis that the
two alpha chain genes evolved by gene duplication prior to mammalian
speciation. Comparisons of the RT1.DX and partial RTIL.BX chains
indicated 56%Z (?3 of 129 amino acids) overall protein homology (Table
1>. The most highly conserved sequences were in the transmembrane
domain (70%; 16 of 23 positions) and the 2 domain (62%; 48 of 78
positions). Little of the sequence was conserved in the connecting
peptide (31%) or in the cytoplasmic tail (33%Z). The highly conserved
transmembrane domain of the RT1.D and RT1.B alpha chains may reflect
the importance of this region not only in membrane-anchoring, but in
associating with the invariant chain or the beta chain during
intracellular assembly of the class 1II complex, as previously
suggested for the mouse alpha chains (36). The conservation of
peptide sequence in the X2 domain of these rat alpha chains suggests
a similar structure and function. The 2 domains of the murine I-E
and I-A alpha chains are also highly conserved, with 68X homology
(36>. The high conservation of the Q2 domain found in alpha chain
sequences indicates strong selective pressure for sequence
constraint, likely due to the preservation of its immunoglobulin-fold
structure. Although no defined function has been demonstrated for
the 2 domain, it may be involued in the noncovalent association of
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the alpha chain with the beta chain, an interaction analogous with
the dimeric association of the immunoglobulin constant regions.
Southern blot analusis of RTLDX

Southern blot analysis near the RTI1.DX gene of rat chromosome
14 with 11 different restriction endonucleases (Bam Hi, Bgl 2, Eco Ri,
Eco RU, Hind 3, Kpen 1, Pst 1, Puu 2, Sal 1, Xho 1, Xma 3) has revealed
no detectable polymorphic restriction fragment associated with
susceptibility or resistance to IDDM in BB or WF rats, which have the

serologically indistinguishable RT1Y haplotype (unpublished, data not
shown). Such studies, however, may identify haplotype specific
polymorphic restriction fragments and provide genetic markers of
chromosome 14 carried by various inbred strains. Figure 4 shows a
Southern blot of BB and Lewis rat DNA which was probed with
full-size RT1.D cDNA. The ’u’ haplotype of the BB rat and the WF rat
(not shown), and the ’l’ haplotype of the Lewis rat, were associated
with Bam H1 DNAR bands of 98 kb and 11.7 kb, respectively (both
haplotypes also had a 71 kb band). Rlthough these results indicate a
haplotype-specific chromosomal polymorphism, the identical
hybridization patterns were found with all other restriction enzymes
used, which suggests that the RT1.DX region of chromosome 14 is
relatively nonpolumorphic. For example, Figure 4 also shows the
hybridization of Puu 2 or Pst 1 digested BB and Lewis rat DNAs
probed with the full size RT1.DX probe. The identical pattern was
found, Pvu 2 bands of 6.8 kb, 44 kb and 1.9 kb, and Pst 1 bands of
7.4 kb and 1.3 kb, in size.

mRNA levels of RT{DQ in lumrhocutes.

It is now apparent that the expression of class Il genes is
not a constant but a variable phenomenon which may depend on the
immune status of the individual. Membrane expression of class Il
molecules has been correlated with mRNA content of cells, indicating
that the primary regulation of class Il gene expression is at the
level of transcription (37?). The autoimmune abnormality of the BB rat
leads to the development of IDDM in ~58%Z of BB rats at 60-120 d of
age. This suggests that diabetes prone rats possess a highly
acvtivated immune system prior to and during the onset of IDDM. It
seemed reasonable that the class II genes would be transcribed and
expressed at a groatoﬁ level in lymphocytes of a highly activated
immune system compared with a normally active immune system. One
approach which we have taken to test this hypothesis was to
measure class Il gene transcripts purified from lymphocytes of age
matched diabetes prone BB rats and nondiabetic normal rats. In
order to measure RT1.DX gene transcripts, a riboprobe plasmid was
constucted which specified the 2, transmembrane and cytoplasmic
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Figure 4. Southern blot analysis of chromosome 14 of the rat near
the RT1.DX gene. DNA of the BB rat (lanes 2.,4,6) and the Lewis rat
(lanes 1,3,5) was digested with Bam H1 (lanes 1,2), Pvu 2 (lanes 3,4),
or Pst 1 (lanes 5,6), electrophoresed on agarose gels, and processed
as described (26). Each lane contained 10 ug DNA. The radioactively
labelled probe used was the full size coding region of RT1.DX, exised
from pRTL.DAY-11 with Pst 1. Indicated size markers in kb are: 231,
94, 6.6, 44, 2.3, and 2.0.

domains plus 49 nt of the 3’ untranslated region, of the RT1.DX mRNA.
Highly radioactive antisense RNA was transcribed in vitro from Sca 1
linearized pTPRT1.DX“492 template DNA. Of the 1116 nt primary RNA
transcript, 470 nt was complementary with RT1.DX mRNA. RNase

protection studies with poly A% target RNA indicated that RT1.Da mRNA
was quantitatively detected and that the assay was directly
proportional to input target RNA over at least a 200-fold range in
concentration (from ©0.85Sug to 10.0 ug; data not shown). Similar
results were demonstrable with 8.5 ug to 286 ug of total cellular
RNA purified from suspension splenocytes (not shown). The use of
total RNA as target was preferred for comparisons of the relative
amounts of RT1.DOX mRNA found in lymphocytes of individual rats, as
this circumvented the problems associated with the degree of purity
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Figure 5. Analysis of RT1.Da mRNA levels in lymphocyte RNA. Radioactive
antisense RNA was synthesized in uitro, purified, and hybridized in
solution with a known amount of target RNA purified from suspension
splenocytes of individual rats. The riboprobe is homologous with 470
nt of the RT1.DX mRNA. Nonhybridized RNA was digested with RNases A
and Ti, ¢the products were fractionated on a S% denaturing
acrylamide gel, the gel was dried and exposed to x-ray film for 24
hr. The autoradiogram displays the RNase protected 478 nt riboprobe
fragment for the following samples: (1> 4 ug tRNR; (2,3) {1 ug, 2 ug
BB rat poly A* RNA; (4,5) 4 ug total RNA, newly diabetic BB rats of
112, 111 d; (6-11> 4 ug total RNA, prediabetic BB rats of 48 d; (12-14)
4 ug total RNA, nondiabetic Wistar Furth rats of 45 d; (15-17) 4 ug
total RNA, nondiabetic Long Evans Hooded rats of 45 d;, and U8
primary transcript. The two markers indicate the 1116 nt primary
transcript and the protected 478 nt probe.

of poly A* RNAs. The relative RT1.DX mRNA levels were quantified by
scanning densitometer analysis of the RNase protection
autoradiograms and integration of the protected 470 nt peak. In
order to compare results and to eliminate experiment-experiment
variable signal intensity, each assay included the same poly A*
control sample which was utilized to normalize the results.

RNase protection experiments were carried out with total RNA
purified from suspension splenocytes of diabetes prone BB rats and
age- and haplotype-matched ('u’) normal nondiabetic rats. Three age
groups were used: group 1, 20-40 d; group 2, 45-?5 d; and group 3,
88 d. The group 3 BB rats included at least six each of diabetic and
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Figure 6. Relative levels of RT1.DX mRNA detected in lymphocyte RNR
of diabetes prone BB rats and age matched nondiabetic control rats.
The relative mRNA levels were quantified by scanning densitometry of
the RNase protection autoradiograms. The intensity of each target
signal was comparable with others after normalization on each
autoradiogram with the intensity found for control samples of 1 ug

and 2 ug poly A* RNA. The average for each group is shown and the
vertical lines indicate the range of intensity. The sample size for
each group included a minimum of 6 rats. The samples were divided
into groups 1, 2 and 3 on the basis of age: 20-40 d; 45-75 d; and >80
d, respectively.

nondiabetic rats. A minimum of six BB or normal rats were used for
the other groups. The normal rats used were haplotype-matched (’u’)
WF rats and LEH rats; RT1.DO steady-state mRNA levels were not
significantly different between them at all ages examined <(not
shown). Figure S shows a representative autoradiogram of an RNase
protection assay and Figure 6 indicates a summary of the RNase
protection studies. Comparisons of the youngest rats (group D)
indicate that ‘the levels of RT1.DX transcripts in BB rat lumphocytes
were approximately 4x greater than the levels found in the normal
rats. The RT1.DX transcripts in the group 2 BB rats were about 2.5x
greater than the levels found in the normal rats. In the group 3
rats, little difference in the levels of RT1.D@ mRNA was found
between the BB and normal rats. The group 3 BB rats included
diabetic and nondiabetic rats, and no significant differences were
found between them. The relative level of RTLDX mRNR found in
lymphocuytes of the nondiabetic normal rats was approximately the
same at all ages examined. In contrast, the relative level of RT1.DX
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transcripts in lymphocytes of diabetes prone BB rats was greater in
the youngest animals; the steady-state levels of RTILDX mRNR
decreased with increased age to the levels seen in normal rats »?5 d
of age. The reduction of RT1.Dx gene transcripts to a relatively
"normal" level coincided with the approximate time or age at which
the BB rat develops insulitis and diabetes (18). Approximately 40-607
of BB rats develop over:t diabetes (10). However, the elevated
steady-state levels of RT1.BX mRNA in lymphocytes of young diabetes
prone BB rats does not correlate with the development of overt
diabetes. Figure 6 clearly indicates that the range of RT1.DX mRNA
levels found in the group 1| BB rats is greater than that found in
any of the group 3 BB rats. Nevertheless, the increased RT1.DQ mRNA
levels correlate with the age at which the autoimmune effector
mechanisms are thought to be activated. The use of the incidence of
diabetes as a measure of immune abnormalities leading to IDDM
development is deceptive; all of the diabetes prone BB rats undergo
autoimmunespathological events to various degrees of severity, which
lead to the development of overt IDDM in a fraction of the animals.

The differences found in the steady-state levels of RT1.DX mRNA
in lymphocytes of BB and normal rats is likely due to variations in
the percentage of splenic lymphocytes expressing this gene, and
thus, reflects changes in lymphocyte populations. These results
support the hypothesis that the diabetes-prone BB rat has a highly
activated immune system, as reflected by increased transcripts of
RT1.DX in lymphocytes. The increased transcripts of the RT1.DX gene in
lymphocytes of the BB rat may be considered representative of other
class Il genes as the expression of class Il genes is coordinate (37),
but this remains to be determined. For example, other studies have
found increased numbers of class Il positive circulating T cells in BB
rats a few weeks prior to, and coincident with, diabetes diagnosis
(38). These studies used the monoclonal antibody 0X6é which detects
RT1.B determinants (39).

We have looked at RT1.DX gene transcripts in BB rats from two
additional colonies (Ottawa, Canada; Dr. J. Logothetopolous, Toronto,
Canada) and have found similar results, which suggests that the
increased transcripts of RT1.DX are not likely due to induction by
infectious agents in the colony.
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