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Summary. A study of Class I and II major histocompatibility
complex gene product expression by a rat insulinoma cell
line (RINmS5F) was performed using monoclonal antibodies
and immunoperoxidase techniques. RINmSF cells were in-
cubated with different concentrations of gamma interferon.
RINmSF cells exhibit low levels of Class I molecules and are
normally devoid of Class II gene products. Upon exposure
to gamma interferon, RINm5F cells showed a dramatic in-
crease in Class I expression. This expression was homoge-
nous and could be detected on all cells after 18 h of incuba-
tion with as little as 1 unit/ml of interferon. In contrast, de
novo Class II expression was not homogeneous and required
36h of incubation with 10 units/ml of interferon. The
number of RINmSF cells expressing Class IT antigens was
dose- and time-dependent. Interferon treatment did not
affect the morphology of RINmS5F cells as determined by ul-

trastructural analysis. Withdrawal of interferon from the
culture medium for as long as 78 h diminished but did not
abolish the expression of Class I and Class II molecules
already induced. The ability of interferon to enhance expres-
sion of Class I gene products and induce de novo expression
of Class II molecules on B-cell-derived RINmSF cells sup-
ports the hypothesis that aberrant expression of major histo-
compatibility complex gene products on pancreatic B cells
may be an important factor in triggering the immune re-
sponse in Type 1 (insulin dependent) diabetes mellitus.
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There now exists a sizable body of evidence which
strongly suggests that Type1l (insulin-dependent)
diabetes mellitus is a chronic autoimmune disease [1].
The central event leading to hyperglycaemia is selec-
tive and, ultimately, massive B-cell destruction associ-
ated with mononuclear cell infiltration of the islets (in-
sulitis) [2]. Both humoral and cellular immune de-
rangements have been implicated as important patho-
genetic mechanisms in this process [3].

Major histocompatibility complex (MHC) gene
products regulate many immune functions. Class
MHC products, present on the surface of all nucleated
cells, control in a restricted fashion the recognition of
foreign antigens by cytotoxic T-cells. Class II MHC
products are normally present on the surface of only
some cells of the immune system (B-lymphocytes,
antigen-presenting cells, macrophages, and activated
T-lymphocytes). Immune recognition by helper T-

cells, as well as the interactions between helper T-cells
and other cells of the immune system, is Class II
MHC-restricted.

Type 1 diabetes mellitus is strongly associated with
DR3 and DRA4 alleles of the human MHC [4], as well as
with the RTI.uMHC haplotype in the spontaneous ani-
mal model of the disease, the BB rat [4]. It has been pro-
posed that aberrant expression of Class I MHC gene
products on endocrine cells could lead to loss of T-cell
tolerance to self antigens and thus, to autoimmune dis-
ease [5]. Although this is an attractive hypothesis given
the immunoregulatory disturbances manifest in the
human and, especially, the murine prediabetic state,
such aberrant MHC expression on pancreatic B-cells
and its role in the pathogenesis of Type 1 diabetes are
important but, as yet, unresolved issues.

MHC antigen expression might be affected by
viral, chemical, or immune factors [6]. Exposure of a
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variety of cell types to interferon gamma (IFNvy), a
lymphokine released by activated T-lymphocytes, in-
duces an increase in both Class I and Class II MHC
antigen expression [7].

Using immunoperoxidase techniques, we have in-
vestigated the ability of a rat tumour cell line derived
from B cells (RINmS5SF) to express MHC gene prod-
ucts after incubation with rat IFNy. We have also
studied the chronological development of this ex-
pression, its relation to the concentration of IFN v,
and the effects of withdrawal of INFy on MHC ex-
pression.

Materials and methods

Cell line

The RINmSF cell line used in this study was obtained from a radia-
tion-induced rat islet cell tumour [8]. This cell line was provided by
Dr. H.K.Oie (National Cancer Institute, Bethesda, Md, USA) and
was maintained in RPMI-1640 (Gibco, Burlington, Ont, Canada)
supplemented with 24 mmol/l1 sodium bicarbonate, 5mmol/1
Hepes, 2 mmol/1 glutamine, 50 TU/ml penicillin, 50 mcg/ml strepto-
mycin and 10% fetal calf serum (RIN medium).

Interferon treatment

The purification and characterisation of the rat gamma interferon
employed in this study are described elsewhere [9, 10].

Cells were incubated in 4 chamber Lab-Tek slides (Flow Labs,
Mississauga, Ont, Canada) in the presence of rat IFN v diluted in
RIN medium (0, 1, 10, 100 and 1,000 units per milliliter). Cells were
exposed to IFN y for up to 96 h. Samples were obtained at 1 or 2h
intervals for the early stage (first 24 h) of the experiment and at
10-12 h intervals at the late stage (after 24 h) of the experiment.

To determine whether MHC expression required constant expo-
sure to INF vy, withdrawal studies were performed. After 18 h of in-
cubation the interferon-containing medium was replaced with RIN

Fig. 1. RINmSF cells stained for Class I MHC antigen expression after incubation with 100 units/ml of INF y for 48 h (X400). Arrow points
to cell surface positive staining

Fig.2. RINmSF cells stained for Class II MHC antigen expression after incubation with 1000 units/ml of INFy for 96 h (X400). Arrow
points to cell surface positive staining

Table 1. Number of OX 6 positive RINmSF cells after: A) incuba-
tion with 10, or 100 units/ml of INF y. B)initial 18 h of induction
period, followed by withdrawal of 10 or 100 units/ml of INF y from
the culture medium (withdrawal time is given between brackets)

Duration of INF vy treatment (h)

A) 24 36 48 72 96

Incubation with 0 134 215 273 338

10 units/ml of

INFy

Incubation with 0 189 1012 1540 2300

100 units/ml

of INFy

B) 24 36 48 72 96
Q] (18) (30) (54) (73)

After withdrawal 0 92 506 298 112

of 100 units/ml

of INFy

After withdrawal 0 51 77 28 2

of 10 units/ml of

INFy

medium alone. The withdrawal periods studied were 6, 18, 30, 54,
and 78 h.

After culture, the slides were rinsed with phosphate buffered
saline (PBS) and fixed for 5 min in acetone.

Immunoperoxidase techniques

Mouse monoclonal antibody (MAb) OX18 detects a common deter-
minant of rat MHC Class I (RT1.A) antigens. Mouse MAb OX6 de-
tects a common determinant of rat MHC Class 11 (RTL.B) antigens.
MAb’s used were affinity-purified IgG from ascites (OX18) or
supernatants (OX6). MAb OX18 was diluted 1/200 and was applied
for 90 min. MAb OX6 was diluted 1/10 and was applied for 60 min.

Cellular binding of OX18 was detected by an indirect immu-
noperoxidase method using peroxidase-conjugated F (ab’) 2 frag-
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Fig. 3. Electronmicrograph of RINmSF cells following exposure to 100 units/ml IFN vy for 48 h. (x 14,500). Inset shows typical insulin

granules (% 24,000)

ment goat anti-mouse IgG (F(ab’)2 fragment specific) (Cappell Sci.
Div., Cooper Biochemical, Malvern, Penn, USA) diluted 1/160 and
applied for 90 min.

Cellular binding of OX6 was detected by the Avidin-Biotin three
layer method (ABC) using affinity-purified biotinylated horse anti-
mouse IgG (heavy and light chains) diluted 1/200 and applied for
1 h. A third layer consisting of peroxidase conjugated Avidin-Biotin
complex was applied for an additional hour (standard kit). MAb’s
and Avidin-Biotin reagents were obtained from Dimension Labs,
Mississauga, Ont, Canada.

To prevent non-specific binding, antibodies and conjugates were
diluted in PBS containing 0.1% bovine serum albumin and 10% nor-
mal rat serum.

After washing, the reaction product was revealed by exposure to
3.3’ diaminobenzidine tetrahydrochloride (Sigma Chemicals, St.
Louis, Mo, USA) for 4-10 min.

Staining to detect Class I and Class IT molecules was performed
at each time point and IFN y concentration. Two negative controls
were used: (1) cells treated with RIN medium alone and (2) slides in
which the primary antibody was omitted. Positive controls were rep-
resented by normal rat spleen sections.

The OX6 stained chamber-slides were screened systematically to
determine the number of Class I positive RIN cells. Each slide is
composed of 4identical (2x0.89 cm) culture chambers. Counting
was performed using a graticule 19 mm diameter (Wild Leitz Cana-
da, Montréal, Québec, Canada) inserted into the ocular of the micro-
scope to avoid overlap of fields. Screening was carried out under the
x 40 objective. At this power each field covered by the grid repre-
sents 4 mm? of slide surface. Counts were given as the number of
positive cells per unit surface area, considered in this experiment to
be the standard (2 x 0.89 cm) bottom surface area of the culture
chamber (44.5 grids or fields at x 40).
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Electron microscopy

Two samples consisting of RINmS3F cells with RIN medium alone
and RINmSF cells incubated with 100 units/ml of IFN vy for 48 h
were processed as usual for routine electron microscopic study [11].
Ultra-thin sections were doubly-stained with uranyl acetate and lead
citrate, mounted on grids, and examined in a Philips EM201 electron
microscope (Philips Electronic Instruments, Mount Vernon, NY,
USA).

Statistical analysis

The time course study was repeated four times in order to evaluate
reproducibility. The data obtained at the various time points and
IFN v concentrations were comparable. A representative set of data,
that in which the greatest number of time points was studied, is
presented.

Results
Immunohistochemistry

RINmSF cells cultured in RIN medium alone showed
very low levels of Class T MHC antigen expression.
No definite cell surface staining was observed. Fur-
thermore, staining to detect Class II MHC molecules
revealed totally negative cells.

Enhancement of Class I expression started at 8 h
of incubation with 10 units/ml of IFN y. Ten to 20%
of the cells exhibited sharply-outlined cell surface
ClassT expression at 8h of incubation with
10 units/ml of IFN y. The percentage of cells express-
ing Class I MHC molecules on their surface increased
in proportion to the dose and duration of IFN v treat-
ment. Expression of Class I molecules on all RINmS5F
cells was attained at 18 h of incubation with as little as
1 unit/ml of IFN vy. Following this period the intensity
of the reaction product remained stable (Fig.1) and
was not reduced after withdrawal of IFN vy from the
culture medium for as long as 78 h.

Staining to detect Class II MHC molecules re-
vealed very few positive cells at 36 h of incubation
with IFN y. The reaction product was present at the
cell surface (Table 1). Ten units/ml of IFN y was the
lowest dose of IFN vy capable of inducing Class II
MHC expression. The percentage of positively-stained
cells increased in proportion to the dose and duration
of TFN v incubation, however only focal expression of
Class 1T MHC antigens was observed at 96 h incuba-
tion using 1000 units/ml of 1FN vy (Fig.2). Withdrawal
of IFN v from the culture medium for up to 78 h did
not abolish the Class II expression already induced.

Electron microscopy

At the ultrastructural level, the RINmSF cells were
variable in size, with a large nucleus and sometimes

prominent nucleolus. Rough endoplasmic reticulum
was abundant. The mitochondria were large, rounded
and numerous. Secretory granules were less numerous
than in normal B cells, although typical insulin gran-
ules were seen. Also, occasional delta (somatostatin)
granules could be identified.

Treatment with IFN v had no recognisable adverse
effect on the ultrastructural features of the RINmSF
cells (Fig.3).

Discussion

Major histocompatibility antigens have been induced
by others on pancreatic endocrine cells using interfe-
ron gamma. Campbell et al. reported enhanced Class 1
MHC expression on human and mouse pancreatic B
cells [12, 13] as well as on RINmSF cells following
IFN v treatment [14]. Class I MHC antigens have
been induced on cultured murine islets [15, 16], B cells
isolated from BB/E rats [17], and RIN cells [18, 19];
IFN v, as well as lymphokine supernatants, were used
in these experiments. Finally, a recent report describes
the induction of Class I MHC molecules on cultured
human islets exposed to IFN y and tumour necrosis
factor or lymphotoxin [20].

In vivo studies in our laboratory with the sponta-
neously diabetic BB rat demonstrated marked expres-
sion of Class I MHC molecules on B cells in islets in-
filtrated by mononuclear cells. This increased Class I
expression was detected even at a prediabetic stage.
Pancreata free of an infiltrate were devoid of insular
staining or expressed Class I molecules only weakly
on B cells. However, we have been consistently unable
to demonstrate Class [I MHC antigens on pancreatic
endocrine cells.

Using lymphokine supernatants we were pre-
viously unable to induce Class II MHC molecules on
RINmSF cells. This failure could be due in part to the
low sensitivity of the indirect immunoperoxidase tech-
nique employed and/or the limited time of incubation.
Nevertheless, we have been able to induce an increase
in ClassT MHC molecules on RINmSF cells using
supernatants of Concanavalin A-activated spleen cells.

In this study we determined the time course of ex-
pression of both classes of MHC antigens on a line of
RINmSF cells after treatment with recombinant rat
IFN y. Light microscopic immunocytochemistry was
utilised to determine this expression as opposed to
flow cytometry, since the former can detect small num-
bers of immunoreactive cells, whereas the latter re-
quires a greater number of positive cells in order to be
detected above background levels. Indeed, small num-
bers of positive cells were noted by light microscopy at
36 h in our study, whereas positive cells were not de-
tectable until 72 h with flow cytometric techniques [19].
Enhancement of Class I MHC antigen expression did
not require large amounts of IFN vy, occurred early,
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and was intense and homogeneously distributed. In
contrast, de novo Class I MHC antigen expression re-
quired a relatively high dose of INF vy, occurred late,
and was focal and less intense than Class I expression.
Induction of Class II MHC molecules was dependent
on both incubation time and the concentration of
IFN vy. Time effect was prominent using high concen-
trations of INFy. The number of OX6 positive
RINmSF cells increased 1.5 fold between 48 and 96 h
using 10 units/ml of IFN v, while it increased 2.2 fold
between the same time points using 100 units/ml of
INF v, probably indicating an additive effect of time
and INF y concentration on induction.

The finding of MHC Class II positive RINmSF
cells in the 30 h withdrawal period might be explained
by the fact that INF y was diluted by the replacement
RIN medium but not totally withdrawn. The remain-
ing IFN v in the medium (not evaluated) may have
contributed to Class II expression and, hence, a num-
ber of positive RINmS5F cells, albeit less than the num-
bers obtained using the induction experimental condi-
tions.

Inappropriate expression of insular MHC antigens
has been implicated as an important factor in the
pathogenesis of the selective immune attack on B cells
in Type 1 diabetes. The role of such expression re-
mains very controversial. Some regard this phenome-
non as causative to B-cell injury [21], whereas others
view it as secondary to the insular ingress of cells of
the immune system and subsequent release of various
lymphokines [22]. This controversy might stem from
the fact that animal models could be different from the
human disease. Another source of confusion might be
the difference between events which are taking place
in vivo and the in vitro conditions employed. While
RINmSF cells are tumour-derived and, as such, might
exhibit biological properties different from normal B
cells, this study suggests that both classes of MHC
antigens might be pivotal in the sequence of events
leading to loss of insulin-secreting cells. Thus, Class I
MHC expression might provide an early signal to the
immune system, while Class [I MHC molecules could
offer a later stimulus. Support for this hypothesis
stems not only from this in vitro study but our in vivo
finding of enhanced Class I expression in islets from
BB rats prior to disease onset [23].

The failure to detect Class I gene expression in
vivo might be due to the focal nature of this expression
and/or the limited amount of pancreatic tissue avail-
able for study. Alternatively, it is possible that such ex-
pression, although lasting for at least 24 h in this study,
may represent a transient event, a fact supported by
the findings of Scheymius etal. on rat keratinocytes
[24]. Indeed, the role of Class IT MHC molecules in the
pathogenesis of Type 1 diabetes has been emphasized
by several investigators [25, 26). In the latter report,
Prud’homme et al. were able to inhibit islet cell antigen
recognition by T-cells in the BB rat by a monoclonal

antibody directed against the Class IT D region of the
rat MHC (analogous to human DR). Furthermore, in-
terleukin 2, which is produced upon activation of
Class I MHC-restricted T-helper lymphocytes, is re-
ported to increase the incidence of Type 1 diabetes in
BB rats [27].

The impact of various cytokines on pancreatic is-
lets is an issue of importance, not only in relation to
MHC gene product induction, but also because such
cytokines may have direct cytotoxic properties on islet
cells. In our study, no features of cell injury were de-
tected ultrastructurally in our culture system. Pukel
et al. report that 100 units/ml of murine IFN y have a
small dose-dependent lytic effect on cultured rat islets
[28]. However, cytotoxic effects, which they deter-
mined by cell lysis and phase contrast microscopy,
were markedly increased following exposure to combi-
nations of cytokines such as tumour necrosis factor (or
lymphotoxin) and interleukin-1, tumour necrosis fac-
tor (or lymphatoxin) and IFN v, or interleukin-1 and
INFy. Thus, a pronounced synergism exists amongst
cytokines in relation to insular cytotoxicity.

Further experiments to establish the time course of
MHC gene expression (at the transcriptional and
translational level) on islet cells in young BB rats are in
progress to elucidate the role of MHC genes in the se-
quence of events that leads to Type 1 diabetes.
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