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The BioBreeding/Worcester (BB/Wor) rat develops a
spontaneous disorder that closely resembles human in-
sulin-dependent (Type I) diabetes mellitus. The syn-
drome is preceded by lymphocytic insulitis that de-
stroys pancreatic beta cells. The morphologic features
of the spontaneous insulitis lesions are also observed
within islets transplanted beneath the renal capsule of
diabetes-prone and diabetic animals. This study reports
the results of experiments in which immunohisto-
chemical techniques were used to characterize the phe-
notype ofthe infiltrating mononuclear cells and detect
the expression of class I and class II MHC antigens in
native islets and islet transplants in diabetic and dia-
betes-prone BB/Wor rats. The infiltrates within native
pancreatic islets and islet grafts were comprised pre-
dominantly of Ia+ cells (dendritic cells and macro-
phages) CD4+ cells thelper/inducer lymphocytes and
macrophages), CD5 (pan-T) cells and smaller num-
bers of CD8+ (cytotoxic/suppressor and NK) cells.
Pancreatic and graft insulitis were accompanied by

markedly enhanced class I antigen expression on islet
and exocrine cells. Class II (Ia) antigens were not de-
tected on normal islet cells, islets undergoing insulitis
or on islet transplants subjected to immune attack. In
islet grafts stained with polymorphic MAbs that distin-
guish Ia antigens of donor and host origin, Ia antigen
expression was limited to infiltrating dendritic cells
and macrophages of host origin. It is concluded that
the phenotypes of infiltrating mononuclear cells that
comprise the insulitis lesion in spontaneous BB/Wor
diabetes, and the inflammatory attack on islets trans-
planted into diabetic BB/Wor rats are the same, that
pancreatic islet and graft insulitis occur in the presence
of enhanced class I antigen expression but in the ab-
sence of class II antigen expression, and that infiltrat-
ing Ia+ cells within islet grafts are exclusively ofrecipi-
ent (BB/Wor) origin and may explain the initiation of
immune insulitis within grafts derived from donors of
incompatible MHC. (AmJ Pathol 1988, 132:292-303)

THE SPONTANEOUSLY DIABETIC BioBreeding/
Worcester (BB/Wor) rat develops IDDM in a manner
similar to human Type I (insulin dependent) diabetes
mellitus.' The human and BB/Wor syndromes each
have an unknown cause and are hypothesized to be
the result ofa cell-mediated, autoimmune destruction
of pancreatic beta cells. The pancreata of newly dia-
betic rats show lymphocytic insulitis with selective de-
struction of beta cells resulting in insulin deficiency
and hyperglycemia.1-3 These events are most proba-
bly mediated by NK cells and T lymphocytes of the
helper subset.4 Other evidence implicating immune
factors in the pathogenesis of diabetes in the BB rat
include: 1) the relationship between the susceptibility
to diabetes and the MHC of the rat5 6; 2) the presence
of circulating autoantibodies to thyroid colloid,
smooth muscle, gastric parietal cells, and possibly islet

cell surface antigens7'9; 3) the adoptive transfer ofdia-
betes with Concanavalin-A stimulated diabetic spleen
cells'10'2; and, 4) the interruption or prevention ofthe
syndrome by methods that eliminate or modify the
effector cells responsible for beta cell destruction and/
or enrich specific population(s) of cells that induce re-
sistance to diabetes.4,13-20
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The authors reported that the mononuclear infil-
trate observed in acutely diabetic BB/Wor rats also
appeared within islets transplanted into diabetic or di-
abetes-prone recipients.2' Furthermore, the immune
attack on the transplanted islets did not appear to be
MHC restricted because MHC incompatible islets
also evidenced lymphocytic insulitis when grafted
into diabetic and diabetes-prone recipients. In these
studies, isolated islets and fragments ofadrenal cortex
from MHC compatible and incompatible donors
were treated to prevent allograft rejection. Thus, the
presence of islet graft inflammation could be attrib-
uted to the BB immune attack rather than allograft
rejection because islet grafts in recipients without en-
dogenous pancreatic insulitis or diabetes were free of
infiltrating lymphocytes and the adrenal grafts were
not rejected.

Presently, the phenotypic identification of the
effector cells that mediate final destruction ofthe pan-
creatic beta cells has not been clarified. In the natural
course of the BB/Wor diabetic syndrome, there is a
striking infiltration oflymphocytes, Ia' macrophages,
and dendritic cells into the pancreatic islets prior to
and during the acute onset of hyperglycemia. To de-
fine more clearly the nature ofthis infiltrate and a pos-
sible functional role for these cells in the mediation of
the BB immune attack, the pancreatic islets ofsponta-
neously diabetic BB/Wor rats and cultured pancreatic
islets transplanted into acutely diabetic BB/Wor re-
cipients were examined. The objectives were to char-
acterize the distribution and phenotype of the mono-
nuclear cell infiltrate and to determine whether the in-
filtrating cells were the same in the pancreatic insulitis
lesion and in the lesion observed in the islet grafts.

Recent evidence suggests that in certain autoim-
mune states, class II molecules may be expressed on
target cells ofaffected organs. Hence, the expression of
Ia antigens by thyroid follicular cells22 and pancreatic
beta cells23'24 is believed to play a role in their specific
immune destruction. There is controversy, however,
concerning the reported presence ofIa antigens on the
pancreatic beta cells of human islets undergoing im-
mune attack23'25-27 and on beta cells of spontaneously
diabetic BB rats.28-31 Because of this disagreement
concerning the expression of Ia antigens on beta cells
and the role of beta cell Ia expression in the mecha-
nism of immune destruction, native pancreatic beta
cells and transplanted islets were examined for the
presence of Ia antigens during the process ofacute in-
sulitis. In addition, due to the availability of mono-
clonal antibodies that detect polymorphic rat class II
antigenic determinants, the authors wished to deter-
mine the origin (host vs. donor) of Ia positive cells

within islet grafts from MHC incompatible (non-
RT 1 U) donors.

Endocrine islet cells are known to express class I an-
tigens.32'33 Furthermore, the expression of class I and
class II antigens may be induced and/or enhanced by
factors released from activated T cells and macro-
phages during most inflammatory processes. It was
therefore also of interest to examine endogenous islet
cells and islet transplants for induction/enhancement
of class I antigen expression before and during the
early stages of insulitis.

Materials and Methods
Animals and Pancreatic Islet Grafts
BB/Wor diabetes-resistant (DB-RES), Lewis,

(RT1, Harlan Sprague Dawley, Indianapolis, IN),
and PVG (RTlC, Bantin & Kingman, Fremont, CA)
rats were used as islet and adrenal transplant donors.
Spontaneous diabetes has not been reported in Lewis
and PVG rats and occurs infrequently (<1%) among
diabetes-resistant BB/Wor rats. Recipients were
acutely diabetic BB/Wor male rats;

Diabetes-resistant and diabetes-prone BB/Wor rats
are descendants of the same parental breeders during
the fifth generation ofsib-matings in the BB/Wor col-
ony and are both MHC RT 1U. All BB/Wor rats are in
the 25-28th generation of sib-mating and are there-
fore considered to be inbred. Plasma glucose levels
and body weights were determined on the day of
transplantation. All diabetic animals (BG > 250 mg/
dl) were insulin dependent and treated with insulin
for the duration ofthe experiments.

Pancreatic islets were isolated, cultured, and treated
to prevent allograft rejection as described pre-
viously.2' Briefly, islets were isolated using sterile tech-
niques from the pancreata ofgroups of 7 male rats by
collagenase digestion.34 The islets were incubated with
anti-Iak alloantiserum (Cedarlane Laboratories, On-
tario, Canada) followed by rabbit complement (Pel
Freez, Rogers, AR) to destroy "passenger leucocytes"
(dendritic cells). Groups of 50 islets were aggregated
in U-shaped microtiter plates by incubation in 95% 02
at 37 C for 48 hours. Islet clusters (mega-islets) were
cultured for an additional 5 days in sterile petri dishes.
The adrenals were prepared for transplantation by a
modification ofthe technique ofLafferty et al.35 Adre-
nal cortical fragments were separated from capsular
and medullary tissues and cultured without Ia alloan-
tiserum for 8 days before transplantation.

Transplantation
Under pentobarbital anesthesia, each recipient re-

ceived 4 to 5 mega-islets (equivalent to 200-250 indi-
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vidual islets), positioned as a single aggregate under
the kidney capsule. Adrenal grafts were transplanted
into the same diabetic rat. Each animal therefore re-
ceived both mega-islet and adrenal grafts in adjacent
sites under the same renal capsule. Animals were
killed 6-31 days after transplantation.

Pancreatic Tissues

To obtain examples of active insulitis, pancreata
from acutely diabetic animals, aglycosuric littermates,
or 90-100-day-old nondiabetic rats were frozen and
5-,u hematoxylin and eosin (H&E) stained cryostat
sections examined for the presence oflymphocytic in-
sulitis. Sections ofpancreata with evidence ofinsulitis
and surviving islet cells were selected for study. Previ-
ous studies3 have documented the frequent presence
of (early) insulitis with surviving pancreatic beta cells
among aglycosuric BB/Wor rats killed during the age
range (90-100 days) wherein most diabetics are de-
tected.

Islet Grafts

To analyze sequentially the BB/Wor immune at-
tack on the islet grafts, animals from each donor series
were killed at specified time intervals after transplan-
tation. The kidneys bearing the grafts were removed
and divided to permit both the islet and adrenal grafts
to be studied. The adrenal grafts and the recipients'
pancreata were fixed in Bouins solution. Microscopic
sections of paraffin-embedded tissues were stained
with H&E and examined for the presence of adrenal-
itis and insulitis. The islet grafts with adjacent renal
cortex were immersed in embedding medium (OCT
compound, Tissue Tek II; Miles Laboratories, Inc.,
Naperville, IL) and snap frozen in liquid nitrogen-
cooled isopentane. Cryostat sections (5 ,) were
stained for cell surface antigens using a variety of
MAbs by the immunoperoxidase method.

Reagents

Avidin, biotin, avidin-horseradish peroxidase, and
biotinylated goat anti-mouse antibody (IgG) were
purchased from Vector Laboratories, Inc, Burlin-
game, CA. Diaminobenzidine was purchased from
Aldrich Biochemical, Milwaukee, WI.

Monoclonal Antibodies

The MRC hybridoma cell lines producing the
mouse anti-rat monoclonal antibodies used in these

studies (Table 1) were obtained from Drs. A. F. Wil-
liams and D. W. Mason, Oxford University, Oxford,
UK and from Dr. C. D. Dijkstra, Free University,
Amsterdam, The Netherlands. OX4 and OX6 recog-
nize nonpolymorphic determinants of rat MHC class
II antigen36; OX3 binds polymorphic Ia determinants
on BB/Wor (RTlU) and Lew (RT 1'), but does not re-
act with PVG (RT 1c)36; F 17-23-2 (hybridoma cells ob-
tained from Dr. J. W. Fabre) reacts with Ia antigens
ofLEW (RT 1'), but does not react with PVG (RTl')
or BB/Wor (RT 1 u)37,38; 15 1.21 reacts with PVG
(RTlC) Ia antigens but not LEW (RT1') or BB/Wor
(RT 1U) (AAL, unpublished); OX18 reacts with non-
polymorphic class I antigens and OX27 recognizes
polymorphic class I determinants specifically for the
RTIC haplotype.39'40 OX12 reacts with rat IgG-Kappa
chain and was used to identify B lymphocytes in cryo-
stat sections ofthe pancreas.4' OX 19 and OX52 react
with thymocytes and all peripheral T cells.42'43 W3/
25, OX35, and OX38 react with thymocytes, helper/
inducer cells, and macrophages.4044 OX8 and OX10
react with thymocytes, cytotoxic/suppressor cells, and
NK cells.4548 ED1 recognizes cells of the monocyte-
macrophage lineage in the rat.49

Immunohistochemistry

Antigen localization studies were performed on 5-,u
cryostat sections of pancreas and islet grafts using a
modification of the Warnke method.505' Briefly, sec-
tions were mounted on gelatin-coated slides, fixed in
cold (-20 C) acetone, and stored at -70 C until used.
For staining, the slides were again immersed in ace-
tone for 10 minutes, air dried for 5 minutes, ringed
with vaseline, washed in phosphate-buffered saline
+ 1% normal goat serum (PBS/NGS), and immersed
in 3% H202/1% BSA for 10 minutes. The slides were
sequentially incubated with 0.5% avidin followed by
0.1% biotin for 30 minutes to quench endogenous bi-
otin reactive sites.5' Sections were incubated with the
appropriate monoclonal antibodies (undiluted tissue
culture supernatants) for 30 minutes, followed by bio-
tinylated horse anti-mouse IgG and avidin horserad-
ish peroxidase at 5 ,ug/ml for 30 minutes. The sections
were developed by incubation with 3,3'-diaminoben-
zidine tetrahydrochloride at 2 ,g/ml plus 0.3% H202.
The sections were pretreated in a 2% solution of
CuSO4 to enhance reaction product and counter-
stained with methylene blue. All procedures were per-
formed at room temperature. The slides were coded
and examined without knowledge ofthe experimental
status of the animal. The infiltrate was scored using
a semiquantitative (1 + to 4+) estimation of the cells
staining with each monoclonal antibody.
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Table 1 -Monoclonal Antibodies Used for Detection of Rat MHC Antigens and Lymphoid Cells

Monoclonal antibodies used to detect rat MHC antigens Monoclonal antibodies: reactivity with lymphoid cells

MHC
Antibody class Haplotype specificity Ref Antibody CD type Cells labeled Ref

MRC OX4, OX6 Class II, (la) Monomorphic 36 OX19, OX52 CD5 All T cells, thymocytes 42,43
MRC OX3 I+, u+, a-, c- 36 OX8 CD8 Cytotoxic/suppressor T cells 45,46

NK cells, thymocytes 47,48
F17.23.2 I+, a+, u, c 37,38 W3/25, OX35, OX38 CD4 T helper/inducer cells 43
151.21 a+, c+, I-, iu Unpublished (AAL) macrophages, thymocytes 40,44
OX18 Class Monomorphic 39 OX12 Rat Ig Kappa chain 41
OX27 c+, a,j, ui 40 ED1 Rat monocytes/ 49

macrophages

Results

Routine Light Microscopy

There was a moderate to heavy mononuclear infil-
trate in all ofthe islet grafts transplanted into BB/Wor
diabetic recipients. This was observed in grafts derived
from all 3 donor strains (Table 2) and in the absence of
an inflammatory infiltrate in adjacent adrenal grafts.
Graft insulitis was observed in diabetic recipients with
ongoing active insulitis, as well as in rats with end
stage islets characterized by the total destruction of
pancreatic beta cells and resolution of islet inflamma-
tion. This observation was true for all time points ex-

amined regardless of donor strain or severity of di-
abetes.

Class I Antigen Expression: Islet Grafts

In Lewis, PVG, and BB/Wor grafts stained with
OX 18 (nonpolymorphic), class I antigens were pres-
ent on the transplanted islet endocrine cells, residual
ducts, and mononuclear infiltrating cells. With in-
creased intensity ofcellular infiltration within the islet
grafts, islet cells stained more intensely for class I anti-
gens, with increased membrane and cytoplasmic
staining on those cells adjacent to the infiltrate. With

the nonpolymorphic OX 18 MAb, islet and mononu-
clear cells in all grafts were stained positively (Figure
IC). In PVG (RTIC) grafts incubated with the poly-
morphic MAb OX27, the islet cells only were stained
positively (Figure 1A, B). The infiltrating mononu-
clear cells did not react with OX27, suggesting they
were of recipient BB/Wor (RTlU) origin, which does
not react with OX27.

In the normal rat kidney, the renal tubular cells in
the cortex were definitely but weakly positive for class
I MHC antigens. With graft inflammation, there was
an increase in the magnitude of class I renal tubular
staining, notably in the area surrounding the islet graft
(not shown).

Class II Antigen Expression: Islet Grafts

The polymorphic specificity of MAb F17-23-2 for
class II antigens has been previously described (posi-
tive for RTlla,n and negative for RTl1cu)37 and was

demonstrated by the intense staining ofdendritic cells
and B lymphocytes in Lewis spleen sections as well as

interstitial dendritic cells of the normal Lewis pan-
creas. Normal pancreatic ductal and exocrine cells,
endothelium oflarge and small vessels, and islet endo-
crine cells do not express class II antigens.32 However,

Table 2-Phenotype of Cells Infiltrating Islet Grafts Undergoing Immune Attack in BB/Wor Diabetic Rats

Age of graft Phenotype of infiltrating cells

Donor Recipient N (days) CD5 CD4 CD8

BB/Wor Acute diabetic 4 14 2+ 2.5+ 1 +
(diabetes-resistant) 2 18 2+ 3+ 1 +

2 21 2+ 3+ 0.5+
2 27 1+ 1+ 0.5+

Lewis Acute diabetic 2 17 2+ 2+ 1 +
4 26 1.5+ 2+ 1+
4 28 2.5+ 3+ 1 +
4 31 2.75+ 2.5+ 1 +

PVG Acute diabetic 2 28 2+ 2+ 1 +

Semiquantitative results derived from the examination of 330 representative sections.
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Figure 1-PVG islet graft, 28 days after transplantation into acute diabetic BB/Wor rat. A and B-section stained with OX27, a polymorphic MAb reactingwith RT1C (PVG) donor but not RT1U (BB/Wor) recipient class I antigens. Only donor islet endocrine cells are positively stained (brown in micrograph). Theinfiltrating cells and surrounding renal tissue are unstained (blue in micrograph), indicating that they are of host origin. (A, X70; B, x140) C-Same fieldas B on an adjacent section, after staining with OX18, a monomorphic MAb for class I antigens. Both donor islet cells and recipient cells are positively stained(brown and black/blue in micrograph). (x140) Figure 2-Pancreatic islet grafts stained for class 11 antigens after transplantation into acute diabetic BB/Wor rats. A-Lewis graft stained with Fl 7.23.2 (polymorphic, RT1 I+-u). Only ductal epithelial cells are positively stained (brown in micrograph) for Lewisla antigens. Islet and interstitial cells are negative. (x140) B-PVG graft stained with 151.21 (polymorphic, RT1C+ u-). Islet and infiltrating interstitial cellsare negative for la antigens. (x140) C-PVG graft stained with OX3 (polymorphic, RTlCu+). Infiltrating inflammatory cells are positively stained (brownand black/blue in micrograph) for la antigens. Islet cells are negative. (x140) Taken together, A, B, and C indicate that although infiltrating inflammatory cellsexpress la antigens of recipient origin, grafted islet cells do not express la antigens. Donor Lewis ductal cells do stain for class 11 antigens.

a rare Ia+ ductal cell was observed in normal Lewis
pancreas stained with the above MAb. Dendritic cells
of the BB/Wor (RT 1 U) pancreas react positively with
MRC OX3 but do not stain with F17-23-2 (not illus-
trated).

The authors have previously reported that graft in-
sulitis occurs after transplantation into acute diabetic
recipients."2 In the present study, islet grafts were ex-
amined 14-31 days after transplantation. The endo-
crine cells of all islet grafts were negative for class II

1A

IC

2B

1B

2A

2C
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Table 3-Distribution of Class I and Class II Antigen Expression on Cells of Islets Transplanted into BB/Wor Diabetic Recipients

Monoclonal Antibodies

Class II Class I

Donor strains OX6/OX3 F17.23.2 151.21 OX18 OX27

PVG (RT1C)
islet cells - - + +
infiltrating cells + - - +

(N = 2)

BB/Wor (RT1U)
islet cells - - +
infiltrating cells + - - +

(N = 6)

Lewis (RT1)
islet cells - - + NT
infiltrating cells + - - +
ductal cells + + NT +

(N = 9)

NT, not tested.

antigen expression as shown with the panel of MAbs
used (Table 1 and 3); Ia antigens were not expressed,
regardless ofthe donor strain, duration oftransplanta-
tion, intensity oflymphocytic infiltrate, or synchrony
with recipients' pancreatic insulitis (Figure 2). There
was no induction of class II antigens on the vascular
structures within the grafts. At 17 days after transplan-
tation, however, class II antigens were detected on
ductal epithelial cells located within several of the
Lewis grafts. The ductal cells were distinctly and
strongly positive with MAb F17.23.2 and therefore,
were of donor (RT1) origin (Figure 2A). Ductal cells
within PVG and BB/Wor grafts were not Ia positive.

Islet grafts from RTl and non-RT U donors incu-
bated with OX6 to detect class II antigens were perme-
ated by many positively stained mononuclear cells.
To determine the origin of these infiltrating cells, Ia-
specific polymorphic MAbs were used. Both 151.21
(RTlC+u-) and F17.23.2 (RTLl+u-) MAbs failed to
stain the infiltrating mononuclear cells, which on ad-
jacent sections stained intensely positive with OX6
and OX3 (RT 1U+) (Figure 2A, B, C). It was concluded,
therefore, that these cells were of host rather than do-
nor origin (Table 3).
The same MAbs were tested in normal PVG

(RTlc), Lewis (RT1), and BB/Wor (RT 1U) diabetes-
resistant and diabetes-prone pancreata using identical
staining procedures. The native endocrine islet cells
in all pancreatic sections examined were negative for
class II antigen expression after staining with the ap-
propriate (polymorphic/monomorphic) monoclonal
antibodies. Islet cell class II antigen staining was also
not observed after incubation with nonpolymorphic
MAb OX4 and OX6, in any BB/Wor pancreatic sec-
tions with a lymphocytic infiltrate.

Phenotype of Infiltrating Cells in the Islet Grafts
Cryostat sections were stained to establish the phe-

notype of mononuclear cells infiltrating the MHC-
compatible and -incompatible islet grafts transplanted
into acutely diabetic BB/Wor rats (Table 2). By day 7
after transplantation, grafts were diffusely infiltrated
with an heterogeneous population of cells. By day 14,
the infiltrates were localized to the areas at the mar-
gins of the graft and at the junction between the graft
and the adjacent renal cortex. At 14-32 days, the in-
filtrate was more pronounced and the cells were dis-
persed throughout the grafts with areas of accumula-
tion around the remaining endocrine cells. Most cells
were stained with a mixture ofMAbs W3/25, OX/35,
and OX/38, all ofwhich react with CD4+ T cells ofthe
helper/inducer subset and macrophages. A significant
proportion of the infiltrating cells were CD5+ T cells
as determined by staining with the pan-T-cell MAbs
OX 19 and OX52 (Figure 3A). A smaller number were
stained with OX8, the MAb for CD8+ cytotoxic/sup-
pressor cells and NK cells. A majority of the infiltrat-
ing cells were also Ia+, and were stained with OX3 and
OX6, suggesting a mixture ofIa' dendritic cells, mac-
rophages and possibly B lymphocytes (Figure 2C).
To identify macrophages among the overlapping

populations ofCD4+,Ia+ cells, sections of representa-
tive grafts were stained with the ED 1 monoclonal an-
tibody that reacts with most rat macrophages.49 Nu-
merous ED 1-positive cells were identified within the
mononuclear infiltrate and were believed to coincide
with the larger CD4+ and Ia' cells, which possess
abundant cytoplasm. There was a small but represen-
tative population of smaller cells that were W3/25+
but ED1 negative. It is assumed that these small W3/
25+ cells belong to the helper/inducer T cell subset.
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Figure 3-Staining for T cells with MAb OX19 (pan T cell). A-Lewis islet graft in BB/Wor acute diabetic rat. Numerous OX19+ cells infiltrate and surround
the cords of islet cells. (X70) B-Pancreatic islet from acute diabetic BB/Wor rat with insulitis, demonstrates the presence of OXI 9+ T cells in the islet
infiltrate. (x140)

Phenotype of Cells in Pancreatic Infiltrate

Cryostat sections of pancreata with evidence of in-
sulitis demonstrated that Ia' cells (macrophages and
dendritic cells) were most numerous, (Figure 4D) fol-
lowed in decreasing numbers, by CD4, CD5, and CD8
cells. Only rare B lymphocytes (OX 12+) were identi-
fied. The distribution ofthe Ia+ cells was not limited to
the islets, with many positively stained cells localized
around ducts and vessels and within the interstitium
of the pancreatic parenchyma. The CD4 (W3/25)
stain revealed islets infiltrated and surrounded by nu-
merous positively stained cells, many with narrow cy-
toplasmic rims and presumably lymphocytes, and
others with abundant positively staining cytoplasm
consistent with macrophages. The exocrine tissue
contained an occasional W3/25+ lymphocyte and nu-
merous positive cells of the macrophage or dendritic
type. OX19+ (Figure 3B) and OX8+ cells were fewer
in number and were clearly lymphoid in appearance.
The distribution of these cells was predominantly
peri- and intra-islet in location, with only an occa-
sional cell seen in the pancreatic exocrine tissue.

Expression ofMHC Antigens in Pancreas

The distribution of class I and II MHC antigens in
the normal pancreas has been described.32'33 Class II
antigens are restricted essentially to interstitial den-
dritic cells and rare mononuclear cells (macrophages)
scattered at random throughout the exocrine and en-
docrine tissue (Figure 4C), with some increase in den-
dritic cell numbers in connective tissue surrounding
ducts and blood vessels. Islet and acinar cells do not
stain for class II antigens (Figure 4C). The distribution
of class I MHC antigens in the normal pancreas ap-

pears to be restricted to duct epithelium, islet cells,
and endothelium (Figure 4A). Pancreatic acinar cells
do not stain for class I constitutively, and it is possible
that these cells normally do not express class I anti-
gens. The results with normal Lewis, PVG, and BB/
Wor pancreata reacted with Mab OX18 and OX27
are consistent with these observations.
The pattern of class I and class II antigen staining

in the pancreata of rats with insulitis was similar to
that described for the islet grafts. Class II MAbs OX4
and OX6 stained interstitial dendritic cells and mac-
rophages in the exocrine pancreas and islets exclu-
sively, with no staining of other cellular components
ofthe pancreas. Thus, Ta staining was absent on islets,
acinar cells, ductal epithelium, and endothelial cells of
small and large vessels, even in the presence ofstriking
insulitis (Figure 4C, D). Concommitant with the in-
flux of mononuclear cells, there was not only en-
hanced class I expression on islet cells, but also pro-
found de novo expression of class I antigens on the
surrounding pancreatic acinar tissue (Figure 4B).
With resolution of the inflammatory infiltrate and
progression towards end-stage islets, the areas of exo-
crine tissue that were class I positive receded to a
"halo" of positively stained cells immediately around
the affected islets. Finally, with the appearance ofclas-
sical end-stage islets and absence of the mononuclear
cell infiltrate, both the islets and the exocrine acinar
tissue returned to the normal pattern ofclass I expres-
sion (Figure 4E, F).

Discussion

In the present studies, cryostat sections of BB/Wor
pancreas and islet transplants were stained with
monoclonal antibodies directed against subsets of rat
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4A

4C

4E

Figure 4-BB/Wor pancreatfic sections staIned for dass and class 11 antW expression with OXI8andOX6 MAbs. A-Normal paneas stained with
OX18: Islet endocrine cells, endothllium and ductal cells are positively stained for class I antigens. Exocrine cells are negative. (OX18, x140) B-Acute
insulitis: pancreatic islet is infiltrated with mononucear infammatory cells. Cass I antigen expression is markedly enhanced in islet cells and induced in
surrounding exocrine cells. (OX18, x140) C-Normal pancreas stained with OX6: dass 11 antigen expression is limited to scattered interstitial dendritic
cells and rare macrophages. Endocrine and exocrine cells are negative. Microscopic fitds illustrated in A and C are from adjacent cryostat sections. (OX6,
X140) D-Acute insulitis: endocrine and surrounding exocrine cells are negative for la antigens. Infiltrating macrophages and dendritic cells are deeply
stained after exposure to OX6. B and Dare from adjacent cryostat sections. (OX6, x140) E and F-Adjacent sections illustrate "end-stage" islets after
staining with OX18 (E) and OX6 (F). E-With the disappearance of insulitis, class I antigen expression is once again restricted to the islet cells, endothelium
and ductal cells. Exocrine cells are negative. F-Class II expression in end-stage islets is limited to residual clusters of cells resembling dendritic cells and
macrophages. (e, OX18, x140; f, OX6, X140)

lymphocytes and macrophages to characterize pheno-
typically the mononuclear infiltrate within the pan-
creatic islets and islet transplants of diabetic and dia-
betes-prone BB/Wor rats. In addition, monoclonal
antibodies specific forMHC antigens were used to de-

termine ifclass I and class II (Ia) antigen expression on
pancreatic islets, islet grafts, and exocrine cells were
induced or enhanced by the inflammatory process
that precedes and accompanies destruction ofpancre-
atic beta cells.

4B

4D

4F
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The results suggest that the inflammatory infiltrate
within native pancreatic islets and islet transplants is
phenotypically similar and comprised of Ia' cells and
lymphocytes. Of the CD5 (OX 19+) T cells labeled,
CD4 helper/inducer (W3/25+) cells were most nu-
merous, with smaller numbers of CD8 (OX8+) NK
and cytotoxic/suppressor cells identified. OX 12+ B
cells were infrequent. Ia' macrophages and dendritic
cells that stained intensely with OX4/OX6 also sur-
rounded and permeated the native islets and islet
grafts. These findings also indicate that class I antigen
expression on islet and exocrine cells was enhanced in
the presence of insulitis. Ia antigen expression was not
detected in transplanted islet cells, native pancreatic
islets or acinar cells. In both the native islets and
grafts, lymphocytic infiltration and pancreatic beta
cell destruction were observed in the presence of in-
creased class I expression, but in the absence ofdetect-
able class II antigen expression.
The presence ofclass II antigen expression in ductal

epithelial cells within Lewis mega-islets is presently
unexplained in view of its absence in ductal cells of
BB/Wor rats with spontaneous insulitis. Although the
induction ofductal cell Ia antigen expression has been
reported in Lewis pancreatic allografts,33 the authors
do not believe that the mega-islet grafts have elicited
an alloresponse because Ia+ ductal cells were not ob-
served in the PVG islet grafts that are MHC RT lc,
and previous studies21 rule out the likelihood of an
allograft response to mega-islets prepared in the man-
ner described.
The process mediating pancreatic beta cell destruc-

tion remains uncertain, but 2 possibilities have been
proposed: 1) the synthesis of specific anti-beta cell sur-
face antibodies that may precede the onset ofdiabetes9
and may target the islet beta cells for specific destruc-
tion, and 2) T cell-mediated specific beta cell killing
that may be MHC class I/class II restricted and may
proceed with or without the help of MHC-unre-
stricted destruction by natural killer cells.
The presence of W3/25+ cells in the mononuclear

infiltrate within the native pancreatic islets and islet
transplants suggests that CD4 (helper/inducer) cells
contribute to the recognition, initiation, and most
likely the stimulation of a cellular effector limb medi-
ating beta cell destruction. It has been reported that
rat dendritic cells and macrophages are both CD4+
and comprise the antigen presenting cell population
necessary for the induction of most immune re-
sponses40'53'54 by providing antigenic signalling for T
cell activation. Recent evidence also indicates that
CD4 cells consist of 2 functional subsets: one that
plays a role in NK cell activity, which is believed to
be involved in BB/Wor diabetes4'55 and cell-mediated

immunity, and another that stimulates B lymphocyte
antibody synthesis. It is not known if and how CD4
cells induce disease, or ifthey may serve as functional
cytotoxic effector cells.56 Morphologic studies suggest
that there may be a functional compartment within
the transplanted islets and native islets wherein Ia'
antigen-presenting cells and CD4+ cells are in close
enough approximation to promote the T cell prolifer-
ation and lymphokine production necessary for acti-
vation of effector cells.
The mononuclear cells infiltrating both Lewis and

PVG islet grafts were stained positively with OX3 but
stained negatively after incubation with polymorphic
MAbs F.17.23.2 and 151.21, indicating that the Ia'
cells were ofMHC RT 1 U (host) origin and not of do-
nor RTl' and RT1C derivation. Morphologic studies
also revealed that host Ia' cells and macrophages
(ED 1) were found in close proximity to sites of aggre-
gated host lymphoid elements. It has been reported
that accumulations of Ia+ cells may be the in vivo
counterpart of dendritic cell-lymphocyte clustering,
which is a requirement for in vitro class II sensitization
in the mouse and rat.57 Thus, host Ia' antigen-pre-
senting cells may be the source ofclass II antigens nec-
essary for the activation of effector T lymphocytes. In
this way, in -spite of the discordant MHC antigens on
Lewis and PVG grafts, host Ia+ cells may populate the
MHC-incompatible grafts and present beta cell anti-
gens in conjunction with compatible (host) Ia anti-
gens. These antigens will then recruit and activate the
T lymphocytes necessary for BB immune attack. It is
widely believed that T helper cells are class II MHC-
restricted in their interaction with accessory cells.58
The data presented in this manuscript and a previous
report that the BB immune attack on transplanted is-
lets is not MHC restricted2' suggest that activated BB
effector cells are not MHC restricted in their interac-
tion with target beta cells. Hence, afferent activation
or initiation of CD4 cells may require an MHC-re-
stricted priming event, but efferent (effector cell) ac-
tion may not need further MHC self-recognition.
Thus, CD4+ cells may function in both restricted and
nonrestricted effector roles.

Precedent for this speculative hypothesis can be de-
rived from the review by Singer and Hodes59 and from
the studies of Shih et al,60 wherein CD4+ primed T
cells interacted with H2-unrelated B cells. More re-
cently, Prud'homme reported experiments in which
T cell hybrids prepared by the fusion of diabetic BB
rat T cell blasts with mouse thymoma cells responded
to RTI8 RIN-5F tumor cells after in vitro stimulation
by RT U antigen-presenting cells.6' (Prud'homme as-
sumed that the RIN-5F cells that were derived from
RT 1 NEDH rats were RT 1 U and therefore incorrectly
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concluded that the response ofBB rat T cell blasts was
MHC restricted.)
The results reported above clearly show that endo-

crine islet cells in the transplants and in the endoge-
nous pancreata were negative for Ia+-antigen expres-
sion, and further that there was no induction of class
II expression at the onset of insulitis or during the ob-
served time course of the BB/Wor immune attack.
The reports by Savino62 and Issa-Chergui3' confirm
the absence of Ia expression by beta cells in the native
endocrine islets ofBB/Wor rats. Dean et a128 reported
that class II MHC molecules were detected on beta
cells during the late stages of diabetes in the BB/E rat
model. These conflicting results may be due to techni-
cal differences (immunofluorescence vs. immunoper-
oxidase localization) in the present study. It is also
possible that the observation of both Ia' and insulin
staining in the same cell may result from macrophage
phagocytosis of beta cells and/or insulin granules
from degenerating beta cells.2963 This phenomenon
would not be resolved by light microscopy alone.
The analysis of class I antigen distribution in the

endogenous pancreas and the pancreatic islet grafts
demonstrates that MHC antigen expression in these
tissues during BB/Wor diabetes is a dynamic process.
In the normal pancreatic islet, endocrine cells are class
I positive while exocrine pancreatic acinar cells are
class I negative.32'3 Class I antigen expression was
both enhanced in pancreatic islet cells and induced in
exocrine cells surrounding islets infiltrated with
mononuclear cells. Islet grafts infiltrated with mono-
nuclear cells also evidenced enhancement of class I
expression within endocrine cells and the adjacent re-
nal cortex. These tissues thus have the ability to syn-
thesize class I antigens and to respond to the inducing
signal(s) provided by the cells of the insulitis lesion.
Infiltrating macrophages, which are known to release
beta interferon(s) upon activation, are likely to be in-
volved in the induction phenomenon. This raises the
question ofwhether the induction of class I MHC an-
tigens has any influence on the course of the insulitis
process, ie, by either limiting or localizing the mono-
nuclear infiltrate in some way, or primarily as a re-
sponse to the presence ofinflammatory cells and their
mediators.
Immune responses in which MHC plays a pivotal

role generally require the collaborative efforts of class
I and class II antigen molecules for cellular mediated
reactions. The inability to demonstrate MHC class II
antigens on native islet cells or islet grafts may reflect
either the absence or low density of these molecules,
and as such, their expression may be below the detec-
tion limit of the immunoperoxidase methods em-
ployed. It is possible however, that class I antigen ex-

pression by the pancreatic islet cells and acinar tissue
in BB/Wor diabetes may be a singular response to the
release of cytokines and lymphokines by infiltrating
macrophages and lymphocytes. This effect may possi-
bly inhibit or mask class II antigen production and/
or expression. The clarification of this process might
reveal important information on the mechanism of
islet beta cell destruction.
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