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3 éUHHARY: [

The work presented here 1s a summary of the study of
anti-pancreatic islet cell surface and oytoplasmic antibodies
in diabetes prone BB rats. About 40-70% rats of this colony
develop insulin dependent diabetes meilitds spontaneouslj?’

This study is the first (to the_ best of our knowledge) to
demonstrate the presence of islet cell cytoplasmic antibodies
(ICA) in the BB rat’'serum. We have demonstrated the presenoce
of ICA by the iﬁdireot immunofluorescence method using
Bouln's fixed rat panoreatic seoéions és substrate.

Binding levels of circulating ICA 1in ‘the BB rat were

| quantified by measuring fhe immunofluorescent intensity of.

the islet cells incubated with rat gera. The
immunofluoré;;ént intensity was measured by a photodetector
attached to the Zeiss mioroscope. The signals from the
photodetectSr were sént to the Zonax computer and were read
using the software ‘BIOSCAN PROGRAM'. This enabled us o
eliminate the subjective gcoring of immunofluyorescent
intensity on the slidés. [ ' o

Islet cell oytoplasmio ‘antibgdies (ICA) were present 1n
fiiabetic animals as well as in potential diabetics who never
developed clinical symptoms. Sera from control rats did not.
show any ilmmunofluorescence specific to the islet ocells.

A two step indirect 12081 labelled protein A binding method
was developed to_measure‘ the levels of islet oell éﬁrfaoe

antibodies (ICSA) in sera from BB rats. In agreement with our

earlier observations (Pollard et al.,1883), this method

¢
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confirmed the presence of ICSA in the circulation well before
the appearance of cliniocal symptoms.

Islet cell surface antibodies could not be removed from
the serum.by absorbing the saﬁple with an equal volume of
paoked rat spleen cellsh.' Antibodles 'resionsible -for
OOmﬁlement dépendent‘oytotoﬁicity td_the islet cells could
not be verified in-vitro, in the serum samples studied. ‘

A prospectlve studyrof ICA and ICSA was carrled out by
measuring the levels of both tyﬁes of antispdies. in weekly
samples drawn f?om twenty BB rats (10 maleslandvlo females),
starting wel} before the earliest onset of the overt symptoms
.r(age 6-7 weeks) and carriéd through for 30 weeks. Nine of the
twenty animals, 7 females amd 2. males,  became ‘overtlf
diabetic during the course of the study.

Both ICA and ICSA were found in 31; the animals, whether
clinically diabetio or healthy. It appears that a syndrome of
abnormal immune state always precedes the disease, but that
this state may not necessarily lead to 611nioa1 ‘diabetes in
alllthe animals. Considerable fluctuations were observed in
the binding 1levels of the two antibodies. Iﬁ a few instances
the antibodies, more often ICA than ICSA, were undeteotable
in one week's specimen but reappeared 1n samples ‘from
subsequent weeks.

No signifioant'oorrelation wvas observed between the time
of onset.of overt olinical symptoms and thy/ pattern of ICA or

ICSA levels.

-
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INTRODUCTION Cf

‘Over many vyears the und;rstanding of diabetes mellitus
gradually evolved from a concept of one disease with many
different manifestations\to a concept of several etlologically
unrelated diseases which share glucose intolerance as a common
.manifestation. The tefm “juvenile onset" diabetes was replaced
by "1néulin dependenf" or "Type I" dibetes mellitus (IDDM) in
recogintion of the accumulated evidence thatfit is not the age
of ﬁnset but the distinct etiology and pathogenesis‘which sets
this 'rare condition apart from the more prevalent but less
é%rious““non—igsulin—depeﬁdent or "Type IL" giabetes mellitus.
" Further studies documented the autoimmune component of the
pathogenes;s of IDDM, +the role of certain genotypes in the
susoeptibiiity to this conditipn and the unique.pathological
onangés in the islets of Langerhans of victims of the disease.
However, to this daée the etiology of IDDM 1is uncertain and
knowledge of the pathogehesis is only superficial. Until
recently one of the reasons of our inability to have a
comprehensive understanding of the disease was the lack of a
sultable animal model which wouldé allow 1n—v1v6 expetiments
closely mimicking human IDDM. The arrival of the diabetes
’préne BB rat proved to be a nature's boon to scientists. In
the recent past, experiments:done on the BB rat have provided

some invaluable information about human IDDM.

The BB rat was disoovered in 1974 1ln a commerclal colony of

: .8
Wistar derived rats at Bilo-Breeding Laboratories, Ottawa

-1-
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Canada. About 40-70% of the BB rats maintained as a random

Pred colony at Health and Welfare Canada develop diabetes
spontaneously withia number of c¢linical, pathological and

immunological analogies to human IDDM.

\
-

In the present worE we have utilized these rats to study
the antibodies to pancreafic islet cells which are important
immunological markers of human IDDM. Two types of islet cell
antibodies are assoclated with +the dlsease; one 1type 1s
directed towards the cell surface antigen (ICSA) and~the other

.towards the cytoplasmic determinants.of islet (ICA) cells. The
significance of -‘islet cell antibodies in the diseaséfprocesé
is not known, the main reason being the lack gi standar-

v

TCSA have been demonstrated in the BB rat also, however the

dization of methods to determine these antibodies.

previous attempts to deﬁonstrate ICA have not been successfu;.
In this work we aimed to establish the presence of ICA in BB
rats. Secondly we have tried to deveiop methods to quantify
ﬁhe levels of Dboth types of antibodies and employ these
methods to study the prevalence of these antibodies 1in
relation to the presence and absence of diabetes, the time of
onset of the disease and 'the age of the animals. As the Bﬁ
rat originally appeared in this city{ we were able to use the
apima s from +the original non-dlabetic Wistar colony as
controls.’
0

The significance of these rTesults 1s discussed and a

-sallent review of the literature is presented.

-



LITERATURE REVIEV
DIABETES . -

Diabetes Mellitus (D) is ‘not a single disease but a
complex group of disorders that share carbohydrate intolerance
in common. Besides carbohydrate metabolism, 1lipid and protein
metabolism 1s also affected by the disorder. DM is
characterized by  hyperglycenia, polyuria, polydipdsia,
polyphagia élycosuria and fatigue. Hyperglycemia 1is the
conécquence of a total lack, defioiency or lmproper
utilization of insulin. It leads to chronic complications of
DM such as neuropathy, retinopafhy, myocardial infarction or
gangerene of the lower extremetles. DM and its cohplications.
are the third 1leading cause of death and the second leading
cause of blindness in Western society (Garber et al., 1983).
The egtimated prevalencé of DM 1ls approximately 2% of the

population in North America.

A. Classification Of Diabetes Mellitus

In 1979 the Natlonal Diébetes Data Group (NDDG) classifiled
the disorder into various groups on the Dbasis of familial,
metabolic and immunological oonsideraﬁions (table 1). Two
groups, olassified as insulin-dependent dlabetes mellltus or
Type I and non-insulin-dependent d{abetes melliﬁus or Type II,
acoount for the great majority (>90%) of patients with
diabetes méilitus. The main charqg:éristics that distinguish

insulin-dependent diabetes (IDDM) from non-insulin-dependent

- diabetes (NIDDM) are summarized in table 1.

IDDM 18 oharacterized by the 'appearanoe of o¢linical

T



TABLE- 1

CLASSIFICATIDN OF DIABETES

s R
g

.l"-- " )
(a) Insulin-Dependent (Type I) .- (b} Non-Insulin-Dependent” (Type II)

L)

C1iniesd Features . ' e .
ﬁsually growth onset . Usually maturity onset
Always ,insulin dependent E ~ Dften controlled by diet
Abrupt onset v Gradual onset
’ ‘Ketosis prone . _ " Usually not Ketotis prone
Islet cell antibodies present Absent . .
v Association with HLA ’ No association with HLA
Pathology 76/) , ' , 5
B cell mass < TU% - Moderate reduction : ) ,
Insulitis at onset present Absent

(c) Gestational Diabetes - Glucose intolerance during pregnancy

(d) -Impaired Glucose Tolerance - VYhen blood glucose is intermediate between
normal and those considered diabetic.

(e) Secondary Diabetes - Hyperglycemia resulting from:

a) ‘Destruction of beta cells - pancreatitis, hemochromatosis
surgical extirpation, streptezotocin
. "(glucosamine antibiotic cytotoxic for g cell)
b} .Excess of "diabetogenic hormones" - acromegaly, Cushing's,
- _ pheechromocytoma, -
' glucagon tumours.
c) CNS disorders - trauma or encephalitis B

d) Defective insulin receptor



symptoms accompanied by severe insulin deficlency. The
';nsulinopenia resulting _from near total disappearance of the
insulin producing B cells renders the affected individuals
dependent on exogenous i1nsulin for their survival. Insulin
therapy prevents death from diabetic ketoacidosis but it does
not prevent late complications of the disease. The apﬁ??rance
of IDDM at onset is highly variable. In the majority of cases,
the onset of the disease i1s abrupt, though, in some patients
polydypsia and polyuria may be present for a month or even,f
longer before the appearance of acute ketosis.

IDDM 1is assocg;ted with certain  histocompatibility
antigens, autoimmune diseases, éirculating anti-pancreatioc
islet cell antibodies and insulitis. Formerly it had been
termed a8 Juvenile-onset, because the majority of the
indviduals affected by the disorder are young persons, but it
can ocour at any age. - ) '

Patients with non-insulin dependent diabetes (NIDDM) may
have normal, depressed, ow even elevéted insulin levels.
Therefore, they are not dependent on exogenous insulin as
their 1life support and are relatively resistant to ketosis.
They may develop ketosis under certain circumstances such as
stress or infeotion\ and may ‘need insulin to correct )
symptomatic or persistant hyperglycemia. Affected individuals
are normally obese, but they can also be lean. In obese NIDDM,
obeslity 1s suspected as one of the-etiological factors and
glucose balance in these ingdviduals ocan be improved simply‘by

diet and welght loss:
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The present study 18 aimed at developing methods to measure
the levels of anti-pancreatic islet cell antibodies prevaient
in insulin dependent diabetes mellitus (IDDM) and utilizing
these methods to study the significance of these antibodies in
the pathogenesis of the disease. Therefore, the forthooming
review will concentrate on IDDM. )

Since insulin deflciency plays a. key role 1n the
developmentpbf IDDM, and ingulin .is produced by the B cells '
fouﬁd in pancreatic islets of Langerhans, a brief desoription
of islets of Langerhans iq}presented before reviewing IDDM.
B. Islets of Langerhans

" Islets of Langerhans represent a complex mixture of
endoorine cells. They are distributed throughout the endocrine
pancreas anq make up an average of 1-2% of to£a1 volume of
pancreatic tissue (Hellerstrom, 19877). The islets are composed
‘of endocrine cells, blood vessels, nerve fibres and connective
tissue. At least:four cell types, A, B, D andspp are present
in the pancreatic islets of all mammalian épeoies.

Two distinct populations of islets have begen observed in
the mammalian panoreas by immuncoytochemical teohﬁiques
(Baetens et al.,1979). The islets from the body and tail of
the pancreas, also known as dorsal aréa, have been
characterized by the presence of glﬁcagon producing A 66113
along the periphery with very few, 4if any, pp ocells. In
contrast, the islets from the lower part of the head of
pancreas (algo called ventral region) contain pp cells in the

periphery but very few glucagon contalning A cells. B and D

-B- . s
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cells are uniformly distributed in the islets from both,
locations in man as well as in rats. Insulin producing B celis
form the central core of the islets.

Endoorine Cell Types

| The insuiin produéing B ceil is the predominant cell type
in the 1slets of Langerhans. In humans these comprise about
_66% {(Hellerstrom, 1977) and in rats about 70 to 80% (Baetens °
et al.,1979) of the total number of islet cells. There are
very few cell types in the human bodycwhich are functionally
begter characterized than the B cell.

The A oells are the gecond best deflined islet cells. These
are the source of pancreatic glucagon and make up to about
26% of the human endoorine panbreas. In the rat, mouse and
hamster, these are typlcally located in the islet periphery;
whereas, in man they occur both on the islet periphery and’
along the islet capillaries (Hellerstrom, 19797).

The D cells are the source of pancreatio somatostaﬁin or a
compound that has a somatostatin-like immunoreactivity (Polak
et al.,1976). While D cells uéually comprise less than 10% of
the islets of laboratory animals, tﬁ%y seem to be relatively
more abundant 4in human islets. They are located immediately
inside the periphery of the islet, making oclose oonﬁaot with
the A and B cells. ‘

The fourth and the most recently discovered islet cell tyfe
is xnown as the pp oell (Larsson et al.,l1976). As the nane

implies, these cells are the source of pancreatic polypeptide.

3



II. INSULIN-DRPENDENT DIABETES MELLITUS

- "IDDM as 1t 1is recognized olinioally, most ' probably
represents several similar conditions having differing ocauses
and pathogenetic mechanisnm” (Craighéad. 1978). The failure of
insulin'producing B cell function seeﬁs to he the single nost
important pathogenic feature. |
A.Epidemiology Of IDDM ‘

”?Insulin dependent dlabetes mellitus accounts for‘IS% of all
human diabetics (Rossini, 1983a). Epidemiolégioal studies show
that the incldence of the disease varies from 7.7 to 30 per
100,000 population per year (Zimﬁet et' al.,1982). The higest
incidence has been rTeported in Finland and relatively low
incidence 1is lreported in the Chinese, Polgnesians. Japenese,
Indianst Americqp Indians, Eskimos and South _Africaﬁ blacks.
Mogt studies indicate equal ocourrence of the diseasé
in both sexes (Cahill et al., 1981), but a few studles
indicate a slight preponderance of males in younger diabetics
(Creutzfelt et al.,1976; Nerup et al.,1980; Laporte et
al.,1081) and about 20% female preponderance in diabetios
above the age of 31 years (Cudworth et al.,1l982).

The onset of IDDM seems to follow a seasonal pattern, with
increagsed incidence of new ‘cases 1 autumnn and late winter
fo;lowed by a lower incidence rate in summer (Craighead et
al., 1978; Gamble, 1976). An inversion of above pattern has
been reported in Southern Hemisphere (Durruty et al.,1977).
Children who develop ;DDM in their preschool years do not show

any seasonal pattern (Gamble et al.,1978; MacMlillan et

~7—



al.,1977). Recent evidence bhas indicated that diabetes
assoolated with the HLA DR3 haplotypes shows significant
variatian with season; whereqs. that assoclated with HLA DR4
haplotypes does not (Welnberg et al.,1984).
B. Islet Cell Horpholoéy In IDDM \

Morphologicdl studies done on the pancreas of-insulin
dependent diabetios soon after thelr death reveal two
distinot pathological oconditions in +the islets: é marked
decrease in the number of the B cells and lymphocytic
infiltration of the islets. “Pancreata of young diabetios, who
died almost 1immediately after the dlagnosis of the disease,
shov a loss of about 90% of insulin-producing B tells, while a '
nearly complete disappearance of B cell mass has been observed
in the pancreas of ,patients who died a few months to Yeafs
after the onset of the disease. (Gepts, 1985). Histological
gtudies indicate that B cells do try to regenerate, but the
attempt'at B cell regeneration 1s-apparently curtailed by an
iﬁflammatory reaotién that destrbyé these cells shortly after
their appearance. A few B cells can still be detected in about
80% of the diabetic subjects who - have h&d the digease for
. léss than 10 years and in 18% of those with longer duration of
the disease. (Gepts et al.,1981). '

After the destruotion of B cells, the pancreata are left
with a large nunber of pseudo-atrophic islets composed of wéll
preserved A and D cells (Orci,et al., 1976 and Gept et 51.,
- 1978). In a few cases, hyperactive iglets ha{é been observed,

although they are much rarer than the pseudo-atrophic islets -

e
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(Gept et al., 1957; Maclean et al.,1958). These afe irregular
in =size ‘and contain normal A -and D .ceils but large and
degranulated B cells. Gepts et al.(18978) also obgerved a
marked proliferation of pp cells. Islets composed of pp cells
only are derived from the epithelium of medium size ducts.

Lymphocytic 1infiltration of ' the 1slets, réferred to as
insulitis, is invariably observed in the pancreas of acute
Type I diabetics dying within two months of diagnosis. ~ This
lesion is specific for insulin-dependent diabetes. Insulitis
15 detected more often 151 hyperactive, B cell-containing
islets, but remnants of lymphocytic infiltrations are still
found in some pseudo-atrophic islets (Gepts, 1985). The cause
of the B cell destruction in IDDX has not been eluoidated. All
morphological ézidence suggest the impIicati¥n of both genetio
ands_ environmental factors in the etiologyuof IDDM.
C. Btlology of IDDM

i. Genetic Factors: Familial Ooccurrence and Association
with HLA Antigens

IDDM tends to be familial though heritable influences ane
not ag'strong in the transmission of IDDM as they are 1in
NIDDM. Studies have shown (Wdlker et al., 1980).that‘1ts
ogccurrence in siblings is 1:20, a 25-fold greater risk than
that for’ the general population. IDDM ﬁay be more common in

offsprings of diabetic fathers than those of diabetic mothers

(Warram et al.,1984)and the youngest child in the family

appears to bé more susoeptihie to the disease (Flood et

]1.,1982). Studies done bn'identioal twing (Barnett et al.,

¥
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1981) deﬁonstrate that 50% of the twins studied are concordant
for IDDM. Individuals barrying certain haplotypes for polymor-
phic HLA antigens appear to have inherited the in;reased
genetic predisposition for the diseqse. suggesting that
"inheritance is linked to one or more genes of chromosome slx,
situated 1n proximity to the HLA loci. HLA -A, -B, -C and ﬁR
antigens belong to the'major-histocompatibility complex (MHC),
located on the short arm of the sixth chromosome in man. MHC
contains genes coding for cell surface proteins involved 1in a
variéty- of immunological phenomena, including allograft
rejection, initiation of antibody formation and cell-cell
interaction. |

Pooled studies (Cahill et al., 1981) done on families with
- more than one person affected indicate that on the average 58%
of the siblings with IDDM share the same HLA haplotype, 37%
sharg at le&sgione paréntal HLA haplotype, and only 5% do not
share any parental haploldentity in contrast to the expected
random distribution of 25:50:25. A significant ;ncrease in the
frequency of ocertaln HLA antigens, B8, B15, %;S, Cw3, Cw7,
. D/DR3 and/or D/DR4, and a reduced frequency of antigens B7 and
D/DR2 has been observed in IDDM individuals (Singhal ét al.,
1973 ;Nerup et al., 1974 and Cudworth et al., 1975). A positive
association of BfF1 with IDDM has also been reported (Kirk et
al., 1979 and Rich et al., 1984). BfF1l 1s a rare allele of
properdin B(Bf), a component of the alternative pathway of
complement, whose genetic locus lies between HLAfB and HLA-DR.

The primary positive assoclation between ochromosome =8ix
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markers and IDDM susceptibility, however, appears to ocour
with HLA antigens D/DR3 and D/DR4; and, the priﬁary negative
assoclation with the antigen D/DR2. About 95% of diabetiq
probands have been found to carry antigen D/DR3, D/DR4 or bo£h A
and DR3/DR4 heterozygotes cérry more risk than either DR3 and
DR4 homozygotes (Nerup-etfal.f'lgaz;.Rich et al., 1984).

There are many Rindividnai,;éntigens that tend to show a ‘
strong positive association with IDDM. Enough data have been
gathé;ed from 1large population studies on ethnichaucasians
to show that individuals carrying haplotypes D/DR3-B8-Cw7,
D/DR3-BfF1-B18-Cw5, D/DR4-Bl6-cwd and D/DR4-B40-Cw3 have a
high relative risk for developing the disease; while the
haplotype D/DR2-B7 seens to offer a strong protection agalinst
development of IDDM (Christy et al.,1879; Cu@worth. 1982; Rich
et al., 1984). It has been suggested that the reduction in DR2
frequency in IDDM could be secondary to the primary inérque ‘
in DRS'and DR4; or, it could be that DR2 4is 1n linkagde
disequilibriuﬁ with & putative immune responée gene near or in
'the HLA-D reglon which prevents the B cell damage.

Most IDDM patients (85-90%) do not have affected first s
deg?ee relatives. A population study done on both familial and
isporadic cases of IﬁDM indicates tlat the familial cases of
IDDM have stronger association with DR3/DR4 antigegg than the
sporadioc cases (Christy et al., 1979). Resultéwff the 8th
International Tissue Typing Workshop indicate that in African
blacks and Japanese the HLA antiéens D/DR8, instead of D/DR3

and/or D/DR4, confer the susceptibility to IDDM. Thus in all
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p0pﬁla£ions two HLA-DR antigéns geen to confer susceptibility
to the disease. 7

HLA assoolation with IDDM brings it in close relation to
some of the endocrine and nonendocrine diseases that have been
reported to have a positive association with HLA DR3 and in
which autoimmune and/or viral mechanisms may be pathogénio
(Schernthaner et al., 1882). The nature of the meéﬁanism by
which these genes in the HLA chromosome region control the
susceptibility to insulin—dependent'diabetes mellitus is not
yet known. The initiation of the disease; in genetically
predisposed 1individuals may be caused by some enviromental
insult suchk as viral infection or chemical lnjury'to the
insulin producing B oellé. It 1s apparent that heritable
factors play a part 1n some cases but it is not certain
whether or not genetic inflﬁenoes are critical in all the
cases. The genetic factors may be determinant of the cell's
susceptibility to injurious agents.

11. Enviromental Agents in the Etiologﬁ of IDDM

The association of IDDM and wviral infections has been
recognized for many years (Maugh et al., 1975). Certain B cell
oytotropic strains are thought to be involved in  the
initiation of the disease in humans as well as in laboratory
animals, but the degree of the causative role-of viral agents
in the pathogenesis of IDDM is highly debatable. At one end of
| the speotrum there are cases 1in which viruses seem to be
directly responsible for the B cell destruotion. At the other

end there 18 a large number of cases, with no direcst evidence
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of viral etiology.
A number of studles indicate a temporﬁl relationship
between IDDM and antecedent viral infection (Craighead, 1978;
. Notkins,1077). The seasonal variation in the incidenoce of
IDDM correlates with the incidence of Coxsackie virus
infection (Gamﬁle. 19680a). Higher titers of antibodies agalnst

%hgalﬂoxsa?kie B-4 virus are observed in newly diagnosed IDDM
pétients than 1in normal subjects or fDDH subjécts of greater
_than three months duration (Gamble,1869b): The presence of
1nf1amﬁatory cells 1in the pancreatic 1islets of some newly
diagnosed IDDM cases has been mentioned above (Gepts. 1957).
All these observations are suggestive gf the Gariabla'degree
of the causative and provocative role played by a virus in the
initiation of the disease. ﬁpidemiologiacal observations
suggest that IDDM folloﬁs Coxsackié virus ihfeotion.by weeks
(Gamble et al., 1969b), mumps infection by noﬁths_to several
vears (Sultz et al., 1975) and intra-uterine exposuré to
rubella virus by a number of Years.(Menser et al., 1978).
There are reported cases where virgseé_seem to be directly
résponslble for the development of IDDM but the number of such
- cases is extremly low. One such case is that of a8 yeaf old
girl who suffered severe myocarditis and  IDDM 19 days after
operative suture of an atrial septum defect (Gladisch et al.,
1976). Three other cases of acute Kketotic diabétes following
'myooarditis of susﬁgcted viral etiology have been reported

(Gibbs, 1974) . In another oase (Yoon et al., 1979) the

Coxsacklie B4 virus was successfully isolated from a culture of

-
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" panoreatic homogenate frém a boy who developed fatal IDDM
after influenza like infection. The genetically susceptible
mice 1nnooulated-with the Coxsgckie B4 virus isolated from the
above case developed IDDM, resulting in hyperglycemia and B
cell damage. Further documentation provided by this particular
cagse 1ncluded a rise 1in +viral antibody titre both in the
patient and the infected mice, and the finding of the viral
antigen 1in the cells of the patient’'s brain. What role
autoimmunity played in this case 41s not known, since islet
cell antibodies were not determined. However, c;ses of severe
viral infection leading directly to ﬁestruction of B cells are
rare 1n the experience of most diabetetologlsts.

Genetio#ily susoeptible mice have also been reported to
develop IDDM after being‘ infected with mumps, Coxsackie B3
and reovirus type 1 and type 3 (Onodera et al., 1981). Mice
infected withlreovirus type 1 presented a complete picture of
classical IDDM including polyendocrinofathies and antibodies
to islet cells. Antiggzies to anterior pituitary hormone,
growth hormone and insulin were also detected in these
infected mice (Onodera et al.,1981, Haspel et al.,1983). it is
suggested that autoantibodies +to various endoorine targe%
tissues ocan be induced by injecting mneonatal animals with
rheoviruses (Haspel_et‘al., 1983). ;

In some patienEs after mumps 1n£eotion, the prescence of
transient 1slét cell Oytbplasmio antibodies have been reported

without any &pparent effeot on glucoregulatory system (Helmke

et al., 1980). In another study, viral cytopathology was
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observed in the panoreata of only 10% of 250 ochildren with

fatal infections caused by various viruses, and, B ocell
destrucﬁion and inflammatory infiltrates -were found in the
iglets of 4 out of 7 ocases with Coxsackie B virus (Jenson et
al., 1980)° Moreover, if the children had survived, the dégreé
of observed’Blcell damage, lnduced by various in{?ctions. vas
not sufficient to cause diabetes. (

Antibodles to Coxsackle virus are found in half of the
population without apparent effect 1n the 1ndiv1duals.'
Similariy there is a high prevalence of ;mumps in the general
_ populaézb%; but not everyone who has had mumps infection
beconel diabetioc. Thq clinical, epidemiological -and‘
fathologibal observations suggest: that external enviromental
'agents;like viruses may play a rolé of variable importance in
the initiation or provocation of the disease in some
genetically susceptible individuals. However, there 18 no
conclusive demonstration that IDDH is always due to a viral
infection. .

The role of certain chemicals has also been implied in the
destruction of B cells. Six cases of acquired IDDM after the
ingestion -of rodentiocide (Veobr) have been reported (Karam et
al., 1980). Immunohistochemical studles dbne on the pancreatioc
tissues obtained fra; the two deceased cases demonstra;ed
extensivé. damage to the B cell, while A, D and pp cells
appeared Jormal. Circulating 1glet cell antibodies " were

deteoted in two out of the four surviving cases. There was no

association with known susceptible HLA haplotypes.
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III. PATﬂOGEHESIS OF IDDM

Autolimmunity appéars to be the most %mportant factor in the
pathogenesis of insulin dependent diabetes mellitus. For the
fast few years implication of immune mechénisms. both cellular
and humoral, has Dbeen hypothesized in _ifs pathogenesis.
Evidence has accumulated in support of <the hypothesis: the
obgervation of insulitis 1in the newly- diagnosed IDDX
individuals (Gepts ‘et al.,1981; Bottazzo,1984); the prevalence
of circulating islet cell oytoplasmic (Lehdrum et al., 1976;
Bottazzo et al., 1974) and/or surface (Lernmark et al.,1978;
Doberson et al., 1880) antibodies in‘+ the sera of 80 to 95%
IDDM subjeots; the prevalence of islet oel;yaﬁtibodies in some
organ specific autoimmune diseases (Irvine et al., 1977a); the
charaoteristic association of IDDM with certain HLA antigens;
the observation of high frequeﬁoy of D/DR3 antigens 1n IﬁDH
and other organ specific autoimmune diseases (Svejgaard et al.
1980); the raised- levels of low affinity E—iosette forming
cells (which are believed to represent most of the killer or K
cell population) in approximately 56% of diabetics (Pozzilli
et al., 1979); tﬁé inorease in numbers of Ia-positive T cells
(Jackson et 'al., 1982); the inoreased oomﬁlement—mpdiafed as
well as antibody dependent ocellular oytqtoxibity in the sera -
of IDDM patients (Charles et al., 1983).
A. Ceil Nediated Immunity In IDDM
o Tﬁg main evidenoce for cell mediated immunity in IDDM 6omés

from histopathologioasl studies done on the- panoreatioc tissue

1
v
-
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from newly diagnosed ~ dlabetics. .When first observed,
(Weichselbaum et al.,1910) insulitis (lymphooytic infiltration
of the pancreatic isiets) was oonsideregueﬁigre condition. In
later studies _1nsulitis was opserved in the pancreas of B0%
(Junker et al., 1977) to 66% (Gepts, 1965) of IDDM patients
dying within a few. months to a 7year of diagnosig. It is
observed ore often in vyoung subjects, but has also been
réported n patients as old as 60-70 ¥T g}eoompte et al.,
1972). In most cases of insulitis only a few islets aTe
affected. It is not found in the individual with a duration of
disease longer than a year, and 1t may consist of only a few
infiltrating cells (Gepts, igal) an%. therefore, can esocape
detection (ﬂ;niach et al., 1973).

Infiltrating cells surrounding individual islet 0;\\gfoups
of pancreatic isleté have rTecently been identified on frozen
pangieatio sections as mononuclear oells. (Bottazzo, 1984).
Cytotoxic/suppressor T pells seem 1o constitute the bulk of
the o©ellular iﬁfiltrate; but some T helper 'gnd. to a lesser
extenﬁ, natural killer cells have Dbeen deteocted. Most
interesfin%ly. plasma cells h&ve been observed emanating from
pancreatic vessels. IgG molecules have also been observed,
both . within +the islet cells and coating  their " surface
(Bottazzo, 1984). ’

Lymphocytes from diabetics have been found to be " toxio to
cultured human insulinoma cells éHuang et al., 1978; Maclaren
et al., 1075) and also have been shown to inhibit dinsulin

release by rat pancreatic islets in-vitro (Boitard et al.,
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1980). In-vitro inhibition of insulin seéretion ¥.on cultured
mouse pancreatlc 1slet.‘cells is observed in the presence of
lymphooytes from 92.5% of the diabetics studied (Boitard et
al., 1984), suggesting the involvement of lymphocytes in the
destructive process of B cells. A decrease in concanavalln
A-induocible suppressor cell actlvity has ﬁeen detected ogly in
the early s8tate of the disease (Buschard et al., 1980), but
according to another report (ﬁederman et . al., 1981) the

Ty

decrease in suppressor ce{i*ggtivitj persists eveﬁ late in the
oourse of the disease. Fairchlld et al, (1882) have reported
antigen-specific (islet cell antigen) hypofunction of T cell’
aoctivity in the majority of IDDM ﬁatients. However, abnormal
suppressor T cell function has also been reported ;ﬁf/
non-diabetics who are DRS and DR4 positive, suggesting that
the abnormali?y in the immupe men&igism,may be related to
genetiocally linked factors (Ambinder ef‘al.. 1981; Jaworskl et
al., 1983).
The number of B lymphocytes in IDDM 1s usually normal but
‘increased levels have been observed when isle? cell
of%oplasmio aﬁtibodies are present (Bersani et al., 1981).
Furthermore, the proportion ,of IgG producing B cells is
reported to be higher than normal in the .individuals who are
positive for islet' cell oytoplasmlc antibodies.
Studies done on peripheral. T lymphocytes give equivooal
results. According to one report utilizing monoclonal Qkt3

antibodies, in the majority of dlabetic cases the number of T

oells is lower than that observed in normal oontrols (Galluzzo
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et al., 1084). However, others (Pozzilli et al., ;}933;
Buschard et al., 1983) report that <the total nugier of
peripheral T lymphoocytes remains unchanged in the disorder.
Deorease& levels of .gigh affinity E rosette forming cells
(Cattaneo et al., 1975) and increased levels of low affinity E
rosette forming cells haﬁe been reported in the early course’
of the disease (Pozzilli et al..1079). The low affinity
rosette forﬁing cells -are belleved to contain most of the
killer (K) cells (West et al., 1978). Iﬁ most of the cases,
the levels of K-cells -have been reported to come down to
nor;al levels duri%g the course of the disease, except in
cases with persiBtent ICA (Pozzilli et al., 1979).
In ooﬁtrast to the above report, when the -proporﬁion of
natural killer cells was measured using monoclonﬁl antibodiles
Leu-7 and Leu-1la, most of the IDDM subjects had slightly
-lower levels -of these cells than the controls; but in NIDDH
subjeots ‘the levels of natural killer cells were found to be
significantly elevated,(Hg;ald et al., i9843. Furthermore, in
séme of the newlyl diagnosed IDDM subjects the.ratios of
helper/inducer and suppressor/cytotoxic T cells were found to
Ko elevated (Horita et al., 1982; Galluzzo et al., 1984). On
the other hand 80% (17/21) long standing diabetios and 83%
‘EIBIZS) newly dlagnosed diabetics had a normal ratio for these
cell types (Galluzzo et al., 1984). .

The observed discrepancies in the results of'lymphooyte
subset population studies could be due to the pathogenetioc
heterogenelt iof th; disease - (Craighead et al.,1978) or it

3

€
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could also be due either to the use of different methods or to
different monoclonal antibodies. The observed wide variety of

abnormalities in the‘broportion of peripheral blood lymphocyte

subsets polnts towards the involvment of the cellular immune -
méohanism in the pathogenesis of IDDM.
' B. Humoral Tmpunity in IDDM

Over the.‘past ten vyears a number of investigators have

reporte@ th@g.sera from patients with IDDM contain anpibodies
that react yith pancreatlic 1slet cells. An in;;ease in the
levels of cf&culating immune complexes have also been reported
(Irvine et al.,1978; Di Mario et al.,1980) in newly diagnosed
IBDM individuals. At least two types of circulating antibodies
to pancreatic 1slet cells have been demonstrated in the sera
of many individuals .&ffeoted with. IDDM. One of thesge types
reacts with the determinants fresent in the coytoplasm of islgt
cells (Lendrum et al., 1975; Bottazzo et al.,1974; Delérete et
al., 1977; 'Dobg!sen et al.,1979) and the other  type is,
speocific to the islet ocell surface (Maclaren et al.,1975;
Lernﬁ;rk et al.,h1978; Dobersen et al.}lQéO; Pujol-borrel et
al..1982). Islet cell antibodies, both oytgﬁi&smio and cell
surface, have been' found to be organ specific for the
éndoorine pancreas, but do not appear to be species éﬁécifio,
a8 these have been shown to react wlth islet cells from the
normal panoreas of manfr(Lendrum et al.,1975), rat, mouse
(Lernmatk et al., 1981) and monkey (Krell et al.,1984). Islet

oell antibodies have been shown to belong to the IgG class

(LendTum et al.,1978). - o
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i. Islet Cell Cytoplasmic Antibodies
Historically islet cell oytoplasmio antibogies (ICA) were
first demonstrated by Bottazzo et al (1874) in some of the
patients showing evidence of organ specific autoimmunity, both
diabetics and - non-diabetics. Sera from these patients
contained multiple antibodies to endocrine glands (Bottazzo et
al.,1874; HaéCuish et al., 1974) inciuding antibodies to
pituitary (Bottazzo et al.,1975), indicating the possibility
of an‘autdimﬁune process underlying the lesion. Subsequently
ICA were.demonstrated 1in the sera of newly diagnoged youné
IDDM patients (18 géars or less at the time of diagnosis). -
The follow up studies on these patients revealed that ICA
gorevalence is maximum at the time of diagnosis. The prevalence
rate appears to decrease with time, it drops to 45% aftef one
vear and to 256% after two vyears of the diagnosis (Lendrum et
al.,1le78). Iﬁ sone of the older patients  ICA seém to persist
for a long‘time. sometimes for a life time. Most of the ocases
with persistent antibodies - are assoclated with some other
polyendocrine diseases. |
Crossectional studies done on the diabetic subjects show
that ICA are present in 60 - 85% of newly dlagnosed IDDM ocases
(Lendrum et al.,1976; Irvine et all al.,1977a; Mustonen et
al.,1984). ICA are also found in 4.7 - 6% of nonm diabetics
with organ specific autoimmune diseases, .1n 3 - 3.8% of ?1rst
degree relatives of IDbH patients and in 0.5% of the normal
PoulationL(Lendrum et al;1975;:Irvine et al.,1977a; Bottazzo et
al.,1978).
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)/ Cytoplasmic , ICA are reported to react with ‘all the
endocrine islet cell types (Bottazzo‘ et al.,1878). These
authors have suggested that either there is a common antigen
present in all the cell types ors there are multiple antibodiés
reaotiﬁg with different anfigens present 1n the varlous cell
types. It is of interest that ICA did not show any Teaction
with the gastric glucagon and somatostatin‘preégfgpg celis,
indicating that +the human antibodies are able to identify
subtle differences in the structure of cells in different
organs (Bottazzo et al.,1978).

The disappedrance .and reappeaf&nce of ICA istpbservéd in
the sera of some unaffected first degree atives and about.
27% 6f affected IDDM subjects. (Spencer et al.,1984). In some
oaseB_ICA'havé reappeared after 5 years of negative Tresults.
The intermittént appearance of ICA has led to the suggesfion
thg} fludtuat{ggs in ICA méy reflect silent intermittent
infeotion by insulotropio viruses (Bottazzo, 1984).
Disappearan@é of ICA in some unaffected firét degree relatives
is " explained .by ’suggesting that some indivduals who are
genetically susceptible to the disease de possess a natural
protebtive mechanism agalnst ongoing autoimmune damage. The
digappearance of antibodieéliﬁ these oaseé may be - related to
remission of islet ceil destruction. |

Some 'reports-;ndioate that ICA may appear in circulation
1oné ﬁefore the disgase becomes manifest (Irvine ét al.,197%7a;

* Gorush et al.,1981; Srikanta et al.,1984). A number of studies

have indicated that many ICA positive cases have proceeded to

»,
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develop insulin-dependent diabetes. In one study, (Gleishman
et al.; 1984) 18 out of 67 patients, all susceptible to IDDM
development, treated with oral hypoglycaemic agent (OHA) were
found to be positive for islet cell antibodles and 71% (14/18)
of.thése required insulin within 3.7 syears-of OHA treatment.
In another study of OHA treated cases 23 out of 180 were ICA
positive and 81% (14/23) of these required inswiin within
three years (Irvine et al.,1980a). '

The presence of ICA has also been reported in 10% (5/50) of
pregnant women with impaired glucose tolerance, and 3 out of
these 5 ICA positive women later developed IDDM (Steel et
al.,1980)

In an ongoing prospective study of subjects at high risgk

for IDDM, 75% (24/32) have been found t0 be positive for ICA

and 10 out of the 24 have so far become diabetic (Srikanta et

al.,1984). This study includes first degree relatives of
diabetic probands (including monozygotic twins) and subjeots
with transient.glycosurié. In two of the monozygotic twins the
chemical symptoms of fhe disease appeared more than 7 years
after the detection of ICA. These same authors (Srikanta et
al., 1985) have recently reporfed obgerving a low insulin
response to intravenous glucose ohallaﬁgé in slx out of 12 ICA
positive first degree relatives of IDDM probands, indicating
that a decrease in B cell functional reserve 1s oorrelang to
the presence df ICA.

Iﬁ.aeems that aﬁ early appearance of ICA, as desoriped in

above oases, may be “an indicator of ongoing Beta ocell
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destruction.
1i. Islet Cell Surface Antibodies
The second type 'of antibodies found in the sera of a large
™ number of diabetic patients is directed towards the membrane

~

"of pdnoreat;o islet cells (Lernmark et al.,1978). Studies done
on newly diagnosed diabetics demonstrated the presence of ICSA
in the sera of 30 to 87% of IDDM cases using insulin producing
cell 11ne§'or pancreatic islet cells from various sources as
‘‘substrate (Maclaren et al.,1975; Lernmark et al., 1978; Van de
Winkle et al.,1982; Pujol~Bor:é; et al.1982). ICSA have also
béén reported in 4 out of 9 non-diabetics with élucose
intolerance (Lernmark et al, 19v8), in 5 out of 11 NIDDM
sﬁbjeots (Van de Winkle et al.,1982), in two out of 10 long
_standing diabetics ) with ocoexistent autoimmune diseases
(Pujol-Borrel et al.,1982), and. in 5.5% normal ‘healthy
ohlildren (Lernmﬁrk et al.,1978; Van de Winkle et al.,1982).
ICSA, 1like ICA, are evanescent (Freedman et al.,1878). In
one study, ICSA were found in 41% of patients with ihe disease -
of less than one month duration, decreasing to 15%&'&:8;1—12
months and to 12% after 1-5 vyears (Freedman et al., 19799).
However the prevalence of ICSA 1ncreased %o 29%-‘in the
patients qith a dufation pf the d}?ease over S5 vears, and most
of . these patients were found to be negative for ICA. One
possible explanation for the lncreased prevalence rate of ICSA
oould be the higher .mean age (45 yr) of the subjects with
longer duration of the disease as compared to the mean age (21

yr) of those with the disease duration of less than one year
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(Freedman et al.,1978). Islet oell surface antibodies and
cytoplasmic antibodles do not always correlate with each Ather
and they may ocour independently of each other (Freedman et
al,1979; Pujol-Borrel et al.,1882), suggesting that two
"* different antigen-antibody systems may be involved.

"ICSA are.specific to thé islet cells as these antibodies
cannot bé absorbed oBt of +the sera with spleen or bloecd cells
nor with +the acetone powder of liver (Van de Winkle et al.,
1082). The observation. that ICSA are speoifioall¥ directed
towards the B cells (ﬁan de Winkle et al., 1982) suggests
thelr involvement 1n ﬁn autoimmune destruction of pancreatio
iélets leading to phe preferential_lysis of the B cells. |

Sera from a large number of diabetic patlents are oapab;e
of medlating a complement-dependent cytotoxic reaction
1n—viﬁio against pancreatic islets cells ‘from hamster
(Rittenhouse et al.,1980), rat (Dobérseg et al., 1980) and man
" (as Qoufed in Kanatsuna et al.,1982). However, the presenoce of
cytotoxid antibodies in the sera does not necessarily imply
that these are diabetogenic since thelr presence hamwbeen
reported in 25% of first degree relatives- of diabetic
probands. TheSe may not have any oytotoxlo activity in-vivo.
Diabetlic serum 00nta1ni;g ICSA has been shown to inhibit’

glucose-induced insulin release from the perifused islet cells

sngpe of complement (Kanatsuna et al,1982). It has

in the pre
 been suggested that the increased levels of Natural Killer

(NK) cells in IDDM patients (see above) may attack islet cells

S
PR

aftef interacting with the antibodies bound to pell surface.
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Further evidence for adtoimmunity comes from the ability af
diabetic sera, ocontaininig ICA and/or ICSA, to immuno-
preoipita.te an antigen of 84k m:‘ﬁla.r weight -from the islets
of non diabetic cadaver donors (Baekkeskov’et'31;,1982). In
addition "¥o- the 64K antigen, diabetic sera were able to
immunoprecipitate another antigen having a molecular weight of
ssﬁ'frém the 1siets obtained frgm an HLA DR3 positive donor.
The unique antigen expressed in the islets of HLA DR3 positive
individuals may be one of the factors leading +to the
precipitation of the disease under spébial circumstances, such
as viral infection, in these individuals.

“An 1nqrease in c¢irculating immune complexgs has been
reported in a large number of IDDM cases, however, the
antigens involved in these complexes and their role in . IDDM
are still unknown (Irvine et al.,1978; Di Mario et al., 1980).
In most. cases AgAB complexes tend to disappeyr within a few
months after diaghosis. with a decline that parallels the ICA
deoline (Pozziili et al.,1982), but stay high in individuals
wi?h persistent ICA. Ag-Ab complexes consisting of islet cell
antigen and 1slet ocell antibodies may be the consequence of
islet cell damage caused by external agents.‘These complexes
may play a pathogeﬁio role in the‘&evelopment of the disease
by aotivating the natural killer cells and rendering themn
speclifiocally cytotoxic to islet cells (Irvine et al.,1980b).

. 111. Methods used for Detecting Islet Cell Antibodies -
ICA and ICSA have been detected by a number of methods using

panoreatic iglets in different forms and from .various gources.
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ICA are generally determined by ‘the standard indirect
immunofluq?escende method, using fresh- frozen sections of
human pancreas from blood group ‘0O’ cadavaric donors. The
pancreata from blood group ‘'O’donors are required to éliminate
the non specific exocrine reaction from :donors of other
groups. ‘Recently ICA in human serum have been demonstrated
using pancreata obtained from monieys (Krell et al.,1884).
Besides fresh frozen pancreas, Bouin's fixed -pancreatic
sections have also been used to demoﬁstrate ICA (Dobersen et

,1979; Kolb et al., 1983). ‘The rellability of the method
has ~ been challanged (Rosenblo;m; 1983) on grounds of
non-specific binding of the serum to exocrine cells. However,
when a set of sanples was tested on unfixed seotions and
Bouin's fixed sections f{rom ﬁhe same pancreas, the results
were not significantly different than those obtained on two
different O group pancréata {Kolb ét al.1883). Bound ICA can
also be detected by “immunohistochemical procedure using

1

glucose oxidase (Krell et al., 1984). _

Recently a method hﬁs been develéped in our laboratory
(?ollard, D.R. and Mancino, L. unpublished resuits) t0
partially quantify .ICA by measuring the immunofluorescent
intenslity Pf islets. This methed has beeﬁ'used for the results
presented here. ‘

The presence of ICA in IDDM patients has -hlso been
demonstrated by using the ablilities of the antibodies to fix
complement . The oomplement fixing ICA (CF-ICA) were found in

!
the sera of 7O0% of newly diagnosed diabetiocs (Bottazzo et

» ¥
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"al.,1980). CF-ICA appear in the circulation later than the
ooﬁventional ICA and are the first to disappeaf'after onset of
the disease. It has been suggested that CF-ICA belong to a
separate sub—sPeéies of islet:cell antibodies. and, maylbe a
more selective marker of ongoing B' cell destruction (Bottazzo
et ai.,lQBO)._However the complement fixing abiliﬁg of the
antibodies in the course of the disease appears to'&epend on-
‘the titre of conventional ICA (Bruining et al.,1984;
Gleichmann et al.,1884). All the sera, positive for
oonventionayliCA with a titre Zf at least eight, were found to
be positive for CF-ICA also. ‘
.ICSA can be detected by an indirect immunofluorescence
method using insulin producing .cells or pancreatic islet cells
from vaﬁi?us sources as substrate. ICSA were demonstrated in
87% of sera using insulinoma cells (Maclaren et al,1975), ia
30-80% of patients using—rat or ob/0b mouse pancreatic islet
cells (Lernmark_eﬁ al.,1978; Van de Winkle et al.,1982) and in
Bi& of cases uéing cultured célls from human fetal pancreas
(Pujo-Borrel et al.1982). Islet cell syffaoe antibodies raised
in rabbits againét rat and ob/ob mouse pancraetlc islets have
been partially ~quantified using a radio-ligand assay method
(Lernmark et al.,1980). A large variatian'iﬁ the prevalence of
. ICSA, 1n newly diagnosed patients, reported by different
gtudies is probdbly due to the use of a varlety of substrates
and a lack of stanéardization of the tests. Even two pancreata
{;om human:blood group'O’ did not gife exéotly Bame Tresults

(Kolb et al.,19083).

r
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IV. ANIMAL MODEL OF IDDM: THE *BB® RAT -

Though %here are numerous animal models lof diabetes,
espeéially mice models, the majority 1s oharacterized by
hyperglycegia séoondarf to hyperphagia and insulin resistance:
These models serve as examples of NIDDM and not IDDM. The
Chinese hamster can acquire an insulinopenic ketosls type of
diaﬁftes (Gerristen et al.l967) bﬁt not cellular or humoral

autoimmunity. However the BB rat provides a good animal model

in which pathogenesis similar to human IDDM can be mimicked.

F 4
A. The B2 Rat

The diabetes prone BB rat was first discovered in an
outbred- Wist;r colony at Bio-Breeding Laboratorles, . Ottava,
Onta;io. Canada, (Nakhooda et al.., 1977). The BB rat develops
IDDM spontaneously with clinical, ' pathologlcal and
immunological features anlaogéus to those of human IDDM.
(Nakhooda et al., 1978; Seemayor et al., 1983}Marliss et al.,
1982). The acﬁte onset of the disease ls characterized by
severe hyperglycaemia, glycosuria, hyperglucagonemia, ketbacdi-
dosis, weight loss aﬁd reduced concen£ration of circulating
and pancreatic insulin. Without insulin treatment most of the
ketotic animals will die within 1-2 veeks oflthe overt onset
of diabetes (Nakhooda et al., 1978). iﬁhéifferent colonies of
BB rats malntained at various _places, the prevalence of

‘dlabetes varies from 40-70%. It can vary from 10-80% by
further selective breeding of the animals (fale et al..lgef).

The peak "incidence of the disease occurs between the age of
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'80-40 days and both .sexes are equally affected (Nakhooda et
el., 1978). .

The ~histopathological ‘findings in the pancreas of these
rats are simil&r to those described in the early stages of .
human IDDM: decreased 1insulin content._ degranulation and
necrosis of the B cells 1in the islets (Seemayor et al.,3198§)
and 1insulitis of varying intensity in .the early phase of the
disease. A mild form of insulitis has Dbeen observed in some
young normoglycemic aniﬁals; presumably prediabetics
(Tannenbaum et al., 1981), and in all lymphocytopenic rats
with or ‘yithout ‘glucoregulatory abnormalities (Poussier et
al., 1982). Amn intense insuiitis is accompanied by the
selective destruction of the B cells. The B cells are
completely destroyed and disappear within 7-21 days after
glycosuria (Nakhoda et al., 1978). This is accompanied bé a
decrease” in the number of A, B and pp cells (Marliss et;
al.,1982). Electron microscofid. and  immuno-histochemical
studies have revealed that 4infiltrating cells dinclude
macrophages, T and B 1ymphocytes.' | &

A number of studies have repdrted pro}oﬁnd T cell
lymphopenia in both peripheral ﬁlood ahd lymphiocd tissues of
the BB 'rat (Jackson et al.,1883; Elder et al.j 1983). The

most affected lymphocytes appeared to be the T helper cells

%
which are reduced to one third of the mnormal value. Diab:tes
is always acconmpanied by lymphocytopenla, though
lymphooytopenia has been observed without the disease (Marliss
et al., 1882). Other characteristics of the syndrome reported

\L
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'%jo this date are; lymphocytic thyroiditis but not abnormal
thyrold function (Sternthal et al., 1981), iglet cell surface
an?ibodies (Pollard et al,. 1983; Dyrberg et al.,1984) and
antibodies to gastric parietal cells, smooth muscles and
thyroid colloid (Like et al., 1982a; Maclaren et al., 1983;
Elder ‘et al., 1882). 'The BB rat may, threfore, have an
abnSrmal immune response, which predisposes 1t to the
development of IDDM. A

The presence of circulating K ICSA have been reported in most
of the animals " from BB rat colonies with high prevalence of
IDDM, and in a proportionately smaller.number of animals from
the colony with Ilow prevaleﬁee of the: disease (Dyrperg et
al.,1083). The antibodies are present long befprE'?hé/;iset of
the disease (Pollard et al.,1983; Dyrberg et al., 1984).

Genetic studies done by crossing BB rats with‘other strains
(Colle et al..1983; Jackson et al.,1983b) indicate that at
least a u haplotype of RT1 region derived é}om the RB fat is
essential for development of the disease (RT1 1s the majdr
histocompatibility complex of rat). ‘ |

Two theories are being postulated ‘for the development of
dlabetes 1n' the BB rat: a two genes. theory and & one gene
theory. According to the former (Colle et al.,1983; Jackson et
al.,1884) two geneslare requiréd for the developmeﬁt of the
disease in the rat: (1) a gene responsible for the expression
of u haplotype or in close 1ipkaée with it, and (ii) another
gene which 1s regponsible for Tloell iymphopenia. and is8 not

linked to RT1 locus. The second, A single gene.or a gene

~31-



clusfer theory with incompléte penetrance 1is advocated by
Butler et al., (1983). The gene or the gene cluster required
for the de#elopment of the disease appearé to be linked to the
gene responsible for u haplotype at RT1 locus.’ )

B. Theraputlc Trials

The strong evidence pointing‘towards autoimmunity as one of
the contributory factors in the development of IDDM in man and
i the BB rat led to trials of Iimmunosupressive therapies in an
aptempt to reverse or prevent the acute syﬁdrome of IDDM. In
thé BB rat the administration of anti-rat lymphocyte serum
normqlizeﬂ the plasma giucose levels 1in 30% of acutely
;diabetic rats and prevented - overt hyperglycemla in mnon .
diabetic litter mates (Like et al 1979). The prevalence of the
diseaBe in susceptible rats was reduced from 27 to 3 percent
after complete thymectomy and from 59 to 7 percent after total
1yﬁph61d 1fradiation (Like at al., 1982b; Rossini et al.,
1984). Administration of Cyclosporin A, immunosuppressive
drug, to weanling animals pfeventéd the disease 1in all the
treated animals. Within forty nine days after the termination
of the therapy 25% of the animals bec&me diabetic (Laupcis et
al.. 1953)ﬁ Trangfusion of blood from & non diabetic subline
of the raté pre;ented fhe develdpment of the disease in all

the susceptible BB rats, however, insulitis was obse}ved_in

s one of the eighteen transfused animals (Rossini et al.1983b).
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C. Simila&ities and Différences_ of IDDN in Nan and The BB
2ot -

In addition to' a similar olinjoal symptomatology the
features of the disease common to both man and the BB':at are
insulitis, circulating 1slét . cell surface antibodies and a
tendency to show other organ specific autolmmunity. However
lymphocytopenia is not observed ' in man and the attempis made
.to demonétrate islet cell cytoplasmic antibodies in the rat
ﬁave been 'unsuccessful. to this date (Like et al., 1982b;
Maclaren et al., 1983; Elder ef al.,1982). The presence of
circulating anti-lymphocyte antibodies has alsd been reported
in BB .rats and these héve been shown to have a close
cérqflation with the ICSA (Dyrberg et al.,1983, 1984). |

The most striking difference is observed in the etiology of
the disease in the two species. ﬁﬁile human IDDM is a sporadic
condition, rarely affecting first degree relatives of
diabeticé, and is probably caused by the combination of genetic
and environmental factors, the disease 1in the Bﬁ rat is
familial with very high prevalence and without any evidence of
the role of environmental factors in the etiology. Despite the
differences between human IDDM and the disease in BB rats the

numbgf(of gimilarities between the two makes the BB rat a

valuable model for further exploring.
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STATEMENT OF THE PROBLEM

Althbugh human IDDM and the diabetes in the ﬁB rat may be
two- etlologically different diseases, = the <c¢linical and
piochemical m&nifestatiqns are’ almost identical and immune
'abhormalitieé appear to be similér. Therefore the BB rat
provides an exedelient ~opportunity to explore the sequence of
pathologicai changes anq bilochemical abnormalities preceding
the omnset of olinicqlf symptoms of dlabetes, which may
contribute tawards our understanding of pathogeggsis of human
IDDM. It is not possible to do a similar systpmatié study in
human; prior to' the on set of IDDM. However an observed
-pattern of abnormalities in the BB rat ‘can be compared with
gome random observat;ons in humans to postulate a possible
analogy. _

The preﬁeﬁce of antisodies to pancreatid islet cell surface
(ICS4) and cytoplasmic determinan%s (ICA) 1s an immunological
abnormality associated with human IDDM. There are a few
reports of finding islet cell antibodies in first degree
relatives of diabetics and subsequent development of the .
disease 1in some of these previously healthy individuals.In our
earlier study we have shown that in the BB rat ICSA precede
the onset of the disease. The presence of ICAIhave not been
demonstrated 1n the rat so far. The significance of either
.type of antibodies is not known. A systematlic study of these.
'“anﬁiyodies in the BB rat, starting from well before the onset

. of the disease, ocan help in understanding the disease process.
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Qur hypothesis is . that an autoimmune condition is
inherited', which may not always result in the clinical
manifestation. The clinical symptoms might be expressed only
if,pore than 90% of the beta cells in +the pancreatlc islets
are destroyed. "However all the affected animals iﬁoluding
those’ clinically asymptomatic, may possess B8Ome detectable

- marker such és circulating islet cell antibodles. The
hypothesis is based on:. the observation that."inher tance of
diabetes .1ln tﬁe BB rat does not show any mendelian pattern
eveﬁ in the colonies with high prevalence of the disease,
suggesting the occurrence of a single gene nmutation. 7

The present work was undertaken with  the fqilowing

"« objectives in mind: |

(1) to see if antibodies to cytoplasmic ' determinants of

pancreatic islets (ICA) are present in the BB rat.

(11) to develop methods for the quantification of ICA and ICSA

levels.

(1ii) to follow the appearance of ICA/ICSA in the individual

animals by drawing samples of blood weekly, starting well
before the onset of the disease and following through the

\
life time of these animals.

o (iv) To | investigate 1if there is any. gorrelation between the

levels of ICA/ICSA and *the time of onset of the disease.
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MATERTALS AND METHODS
I. MATERTALS '
A. ANIMALS ,
. Test sera ocame from the spontaneously diabetic BB Wistar
rat which is maintained by the Health Protection Branch as a -
random bred closéd colony.

Control sera came from the rats derived from the original
'non diabetic parent Wistar colony.

‘The animals are kept in air conditioned‘room (2000,50%_
relative humidity) with twelve hours of light and twelve hours
of darkness. THey are fed Purina Lab Chow 5001 and water ad

1ibitun. _ 4
In BB rats urilnary gluooée levels are determined twice a
'week and an animal_is-oldséified ‘diabetic’ on the basié of
glycosuria. The diabetic animals are kept on P2I 1nsﬁ11n'
administered daily. The prevalence of diabetes in the 6oloﬁy
is approximqfely 40—70% and the average age of onset 1s about
a8 dayé. " _
'E.'Anti—Sera .
Rabbit anti-rat. IgG, guinea-pig anti-bovine .1nsulin'

antibodiés. Fluoresoein 1isothiocyanate (FITC) conjugated
I<ant}-guinea—p1g IgG, * and rabbit antli-rat IgG Rhodamine
icothiooyanate (RITC) and goat anti-rabbit RITC conjugates

were all bought from Miles Laboratories Inc., Elkhart, USA.
FITC labelled rabbit anti-rat IgG was purchased from Genepyhl

'Didgnostios. Canada. Goat ~anti-guinea-pig gamma globulin and
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rabbit anti-glucagon antibodies came .from Calbiochem Behring
Corp. Lajolla, ‘USA. Affinity  purified goat anti-rat IgG
F(ab')s fragment was boughu from Bio/Can - Scientific Inc.
Mississauga, Canada. |

C. Radiolabelled Chemicals ‘

Insulin RIA kit and 125Iodine labelled Protein A were

bought from Amersham, Mississauga, Canada. Slcr  (Sodium

Chromate) was purchased from New England Nuclear, USA, and
12810dine (Sodium Iodide) from Atomic Energy,. Canada.
D. Tissue Cultﬁre Products | -

Tissue cﬁlture ‘Media 199, Hankg” balance salt solution
(EBSS) powder, Swim's medium 77, fetal calf serum (FCS),
penicillin and streptomycin were all were purchased from GIBCO
iaboratories; Grand Island U.S.A. Falcon léxBO mm tissue
culture dishes and Dynatech 96 wells ‘removawell’ microtitre
plates were bought from Fisher Scientific Limited.

E. Chemicals and Other Products ’ ‘

Rat insulin standard vas a gift from Dr. 'N. Begin-Heick,
Department of Blochemistry, University of Ottawa, Ottava,
Canada.

Complement- Rabblit complement, Low-Tox-H and Low-Tox-M,
were bought from Cederlane Laboratories, Hornby, Canada.

Ficoll-400, Protein A and éephadex G-50 medium were
purohdsed from Pharmacia Fine Chemicals, Uppsala, Sweden.
' Bovine serum albumin (BSA) fraotion IV RIA grade, HEPES and
'EGTA [Ethyleneglycol-bis-(B-amino-ethyl-ether)N,N’'-Tetracetic

¢ B

acid] were bought from Sigma Chemicals. Trypan Blue came {rom
, . j
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NCS &iagnostibs, Mississauga, Canada, and Hypaque sodium was
bought'from ¥inthrope, Aurora, Cana&a.

All the chemicals used vere of reagent grade.

F. Preparation of Media and reagents.

Standard Medium- Medium M199 supplemented with penicillin
20 units/L, Streptomycin 200 mg/L, 10% FCS and 5.5 mM éluqose
vas used as standard culturé medium. ' i

Swim’'sM-Swim’'sM was prepared with Swim’'s medium 77
contalning 1% BSA, 20 mM HEPES, .02% sodium bicarbonate, and
1 mM EGTA, and, the final pH was adjusted to 7.3.

Hanks Buffer-Hanks balanced salt solution was supplemented
vith 2% fetal calf serum and 20 mM HEPES. |

Phosphate Buffer S&line (PBS)- It consisted of 8.5 ¢ sodium
chloride, 1.07 g disodium phosphate (anhydrous) and 0.39 g
monosodium phosphate (éHéQ) to 1 litre with distilled water
and pH 7.1. 7 ~

Dulbecco’s BSA-I- Dulbecco's BSA-I contained 0.5% BSA in
standard Dulbecco’s buffer. )

Dulbecco’'s BSA-II Dulbecco’s Dbuffer was supplemenfed with-
0.9% BSA and 0.09% sodium azide after adjusting the pH to 7.2

Fiooll solution- Ficoll solution contained 11.6% Ficoll
400, 19.0% Hypaque sodium. and 0.7% HBSS in doubie aistilled.

L

water. ' -
Trypsin golution- SQim'sM contalning 0.2% Trypsin and
\
0.015 M DNase was used for cell suspension.

Trypan blue- Four parts.of 0.5% of Trypany blue was mnixed

with one part of five times normal saline just before using
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for cell viability test.

Glassware— All the tubes and pqgteur pipettes used for
isolation of islets and making cell suspension were
siliconized with 1% prosil solution.

II. METHODS - |
A. Collection and Storage of Sef&

A1l test ana control ani@als were bled from jugular vein
and the whcle bl&%d was léfthto c13t overnight at godl Next
day the sera were recovered by centrifugation of the clotted
blood in a clinical centrifuge and stored at . -40°C ip 200ul
aliquots until used for determination of islet oell
antibpdies. Approximately 1.5 ml of blood . .was ﬁrawh each timg
from the animals used for Se?uential bleedings .and 5-7 ml was
drawn from the control animals ﬁsed for one time bleeding.

B. Immunofluorescence on pancreatic sections

Freshly removed pancreata from a 3-5 days old control rats
were fixed 1in Bouin'S‘solufion and embgdded in - paraffin wax.
using the standard method. Pancreatic sgctibns, 7 microns in-
thickness, wefe mduﬁted on pre-cleaned microscope - slides
coated with albumin fixafive. and were heat dried overnight..
After :deparaffiniziﬁg the sections, approximately 55 ul of

test sera (diluted 1:4) were applied to the sections and the

section were incubated for 3 hr in a moist chamber at 37°

] ) ) :
The slides were washed three tlmes, 10 min each, in 0.01 M
PBS. After alr drying, approximately 100ul of fluorochrome

labelled anti-rat IgG (dilution 1:100) was applied: to the

'sectiOns. The slides were incubated for 1.5 hr anq'washed
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again three times in 0.01 M buffer. In.ovder to stain A or B
cells, ¢the sectlons were 1nqpbated - withe anti-glucagon or
anti-insulln antibodies followed by incubatlon with rhodamiﬁe
labelled anti-rabblt IgG for A cells and fluorescein labellé&
anti-guinea-pig IgG for B cells. Ailr dried sections were
perman;ntly mounted = with EBukit and scored under Zeiss

photomicroscope equlpped with  two different epifluorescence

Zeiss filtér combinations: the filter combination =no. 10

COnsistiﬁg of exciter ' BP 450-480, and barrier BP 520-561 for
FITC and the comblnation no. 14 consiéting of exciter BP
§10-560 and barrier LP 580 for RITC.
C. HeaSurement-of Immunofluorescent Intensity

All the slides incubated with test sera were read
objectively with a photodetector (a photomultiplier tube
Hamamatsu RO29) mounted on photometer head of the Zeiss
miordsoofe and interfaced with the Zonax computer. The values

of immunofluorescent intensities weré neasured agalnst a geiés

fluorescent standard (4%-27-56) using a software package

. ‘Bioscan Program’.

Befdre scoring a set of slides the instrumeht wvas alwvays
calibrated with the fluorescent standard (henqefofth referred
to as reference standard). The intensity' of the standard vas
set as 100% and‘the intensity with window closed was set at
0%. In thils arrangemeﬁt the photomultiplier’'s response is
lingap up to 140% intenslity of ghe standard. All the readings

on the slides were measured as percentages of the standard’s

- intensity.
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D.Isolation and Culturing of Islets

.
Yy

Pancreata were aseptically removéd from: 5 to 7 days old
neonatal rats from our control colony The islets of
- Langerhans were isolated « from pancreata under sterile
conditions by the method of Pollard, et al., (1983) using
collegenasek digestion and Ficoll-Hypaque gradient. The
isolated islets were maintained in 60x15 mm culture dishes
under stgndard culture conditions until‘they‘were used for any
test. In order to maintain the islets in long term’ cultures.
old medium was carefully aspirated from the culture. dishes’ and
was replaced with fresh medium every'third or fourth day.
Fibroblast growth in the long term cultures was prevented by
feeding the cultures with the medium supplemented with
0.28 mg% - Thimersol ﬁEtyluercurithibsalicylic aclid sodium
salt). ' _
E.Insulin RIA

Tn order to determine the viability of islets the levels of
insulin released by the islets maintained in the cultures was
measured. The media asplirated fror the culture plates uere
centrifuged in a clinical centrifuge and the supernatants were '
stored 1in. 200 ul aliquots until che day of insulin
deterﬁinatienl The insulin 1euels were determined using
Amersham Insulin radioimmunoassay (RIA) kit. - ' .
P. Radio Labelling of Protein A and IgG

Protein A and anti-rat IgG were labelled with 12810dine by
the method of Greenwood and Hunter (1982). Twentf five ug of

the each protein vas labelled with 500 uoi of 28I (Sodium

-
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Iod;de)l Reaction was carried out for 2:% nin in the presence'
Af 12 ug  chloramine-T anﬁ -termingted with 25 ug of sodium—
heta-bisulfatei The labelled -proteins were separated from free
iodide b§ passing through a 9x150 mm Sephadex G-50 columh:
" G. Islet-cell Suspension
Medium was aspirated from B8-10 plates containing well
adhered 1sletsland fﬁe islets in the plates were rinsed with 5
ml of Swim'sM. The islets were then dislodged by incubating
each plate for 2-4 min with 1 ml of 0.02% trypsin solution at‘l
379C, transferred to 16x125 mm tubes and dispersed by shaking
“Ine tubes for 2 min at 37°C on a wrist action ’Burrel shaker
‘ The suspension was imme&;ately washed twice with cold Sw%m‘sM
for 5 min at 800 rpm and tﬁe pellet was resﬁspended in 1 ml of
standard medium containing 15% FCS. The cell';count'and the
viabiiity vas checked by haemocytometer using'th;rTrypan blue
excluglion test. After -diluting the suspension to 15 ml with
the medium.the cells were allowed to recover under standard
oculture condltions for at 1least 90 min before being uséd for
‘any test. In order fo culture the cellg 1n microplates the
pellet was suspended in the st&ndafd medium supplemented with
0.01 mM 3-igobutyl-l-methylXanthine, cell density was adjusted
'-to approximate%y 2.5x108/m1 éné 200 ul af the suspension was
dispénsed in each well.of migcrotitre plates.
H. Testing of islet cell suspension for the Presencekof A and
B cells ' .
Islet ‘cells ocultured in microtitre plates for at least 48

hr were washed with PBS buffer at room temprature, uéing
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200 ul of the buffer for each well. The cells were fixed in
Bouin's solution for 30 min, and washed twice with 70% alcohol
for 30 min, and finally rTinsed with PBS. The cells were then
incubated in duplicate for éo. nmin with 60 wul of each;:
anti-insulin antibodies (dil. 1:20), anti-glucagon antibodiles
and PBS. The anti-sera and PBS were removed from plates by
inverting the .plate on -a Kimwipe and the cells were washed
three times with PBS (leaying the buffer in the wells for five
nin each time). After removing the buffer, 60 ul of Iodinated
prote}n A (aﬁproximatelm 50,000 cpm) was added to e&ch well
and incubated for 45 min at 37°C. The wells were washed three
timeg with the buffer,’ separated, and each well was
transferfed to 12x75 mm tubes to be counted in LKB Ultrogamma
counter. | . (//

I. Absorption of sera with spleen ;ella

Cell suspenéions were. prepared from spleeps as described by
Ford (19879). Donor animals came from the control colony. Equal
volumes of the test sera and packed spleen célls were
incubated for 45 min at‘25°c,'_éhakiné gently. Phe absorbed
gera were centrifuged at SOOOg'for 4 ﬁin aﬁd pérnatants vere
stored at -40°C until tested. :

J. One step radio-ligand assay in tubes({ ‘

The density‘of the dispersed islet ‘kells vas Adjuéted to
1x106/m1 and aliquots of 80 ul each wéf' dispepsed into 12x7
-mm.culture tubes. An equal volume of tegt sera diluted (1:2)
with Hank's buffer were added to the tubes containing ocells,

. P . )
and the tubes were incubated for 35 min at 37°9C shaking ‘gently
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1n  shaking bath. After washing twice with Hank's buffer at
1000 rpm for érmin, the peilet was resusPQnded in 50 ul of
iddinated‘protein A or anti-rat IgG and incubated for another
40 min. The cells were washed twice again with Hank's buffer
and the pellets were counted in LKB Ultr@éamma for 2 min each.
K. Two step radio-ligand assay in microtitre plateé

The islet cells cultured in microtitre plates for at least
48 hr were washed with Dulbecco’'s BSA-I. Test sera, 60 ul each
(diluted 1:4 in Dulbecco's BSA-I), were addéd to the wells in
duplicate and incubated for 96 min at 37°C. The sera were
removed by inverting the plate on a Kimwipe and the cells were
washed three times with Dulbecco’s' BSA-I léaving,the buffer in-
wells ﬁor 5 min each time. The cells in each well were then
incubated for 45 min with 60 ul- of anti-rat IgG diluted 1:50,
followed by three washes.in buffer. Finally, the cells were
incubated with 60 ul of 128I-protein A (approximately 50,000
opm) for further 45 min, washed three times and each well
was counted for two minutes in the gamma counter.
L. Two step radio-ligand agsay in tubes

Media was removed from the cell suspension (made by method
II) by centrifugation At 1100 rpm for 3 min and the pellet was
resuspended in 1 ml of cold Dulbecco’'s BSA-II. After ad justing
the cell density. fo lxloe/mi. aliquots of %5 -ul - cell
suspengion and 25 ul test sera in duplicate were incubated  at
8°C for ©0 min in g, shaking bath. After wvashing the cells
twice with S'mi of cold Dulbecoco’'s BSA-II, (1000 rpm, 5 miﬁ)

the pellets wefé resuspended in 60 ul anti-rat IgG (d11.1:50),
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and, incubated for 50 min. The cells were washed three .times.
Approximately 60,000 cpm of 128 labelled protein A in a
volume of 50 ul were added to each 'pellet and incubated for 40
min. &he cells were washed three times and the pellets were
counted for two minutes each in the LEKB gamma counter.
M. Cytotoxicity Assay using Chromium-51 release method
Approximately 80,000 cpm of sodium Slchromate were added to
islet cell cultures in microtitre plates and incubated for
three hours at 37°C under standard culture conditions. After
removing the free radioisotope by gentle aspiration the wells
were washed twice with Dulbecco’s BSA-I (200 ul per wel}).
50 ﬁl of the buffer wﬁs added to four wells ﬁnd 50 ul of heat
inactivated test sera were added in triplicate to  the
remaining w;lls and the platg” was incubated for 35 min at
379c. After washing the wells once with Dulbecco’s BSA—I.
200.ul pf the Dbuffer was added *to two;of the four wells
- incubated with +the Dbuffer and .tb_ one of the three wells
» previously incubated with the  different test sera, 200 ul of
rabbit compleﬁent ‘diluted 1:16 was added to the rquining
wells and the plate was incubated further for 3§:min. An
aliquot-of 100 ul was transferred from each well to 10x75 mm
culture tubes and counted in LKE q1trogamma counter..One
hundred percent chromium release vas deéermined by lysing the
cells;lin two wells (incubated with Dulbecc’'s BSA-I) with
200 ul of 0.05% Triton X—}OO.
N. Statistical Analysis and Nomenclature

' In all the tables presenting the results, BB denotes the -
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spontaneously‘diabetic'BB Wistar rat and numbers on the left
. ) .
are gerial numbers assigned to the animals. .

P values have been calculated using ‘Wilcoxen rank sum’ test
' § g :
also known as 'Mann-Whitney U’ test.

The graphs have been plotted with sharp plotter -using

software package ‘'Micro-EKey'.
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RESULTS AND DISCUSSION
I. ISLET CELL CYTOPLASNIC ANTIBODIES
A. Delineatioﬁ of Topography of Islets
Topography of islets in Bouin’'s fixed pancreatlc sectlions
was delineated by staining glucagon producing A cells with

anti-glucgon antibodies and insulin producing B cells with

anti-insulin antibodies using the indirect immunofluorescence

1 F )
method. Pancreatic sections incubated with rabblit
anti-glucagon antibodies were stained with anti-rabbit IgG

thodamine 1sothiocyanate (RITC) conjugate and the sections

‘incubated with gulnea-pig antli-insnlin antibodies were stalned

with anti-guinea-plg IgG fluorescein isothiocyanate-oonjugate.

Anti-glucagon antibodies produced diffused dimmunofluorescence

in A cells‘ located dlong the periphery of the islets and
anti-insulin  antibodies  showed’ e  diffused oytoplasmic
fluorescence in the large central portion of the islets,
corresponding to the B cells. Photographé of stained islets
are shown in fig.la and 1b. These observations helped to

identify the islets 4in pancreatic sections under phasé

contrast mieroscopy and presented a topographical picture of

-Trat islets.

B. Demonstration of Islet Cell Cytoplasmic Antibodies (ICA)
- : .
Islet céll cytoplasmic antibodies (ICA) were demonstrated

in BB rat sera by the indirect immmunofluoresence method using

.Bouin‘s fixed pancreatic sections as substrate. The sections

i 1
were lncubated with BB '‘Tat sera or control rat sera, followed

by incubation with FITC anti—rat‘IgG conjugate. BB rat sera
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FIGURE 1

TOPOGRAPHY OF RAT PANCREATIC ISLET

(a)

(b)

Rat pancreatic sections were'sequentially incubated wi

(a) rabbit anti-glucagon antibodies and goat anti-rabbit IS:hRITC
conjﬁaate; (b) guinea-pig anti-insulin antibodies and rabbié anti-
guinea-pig g6 FITC conjugate; (a) fluorescine glucagon producing
A cells along the periphery of the islet; (b)-fludre;cing insu{in

producing B cells forming the centre core of the islet.

o~
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showed a brighE‘immunofluorescence'specific to the- cytoplasma
of fhe islet cells, whilg the exocrine cells-on the'seétion
were found to be much dafker than the islets (fig. Ra.). No
such immunofluorescence was observed in the sections incubated

with control serum (fig 20) Phasge contrast. photomicrographs

of the sections incubated with BB rat serum and contrel serum

+ are shown in fig. 2b and 2d respectively.
C. Specifieity of the Reaction

Islet cell specific immunofluoresoent staining obtained

with BB rat sera could be blocked by incubating the sections

with an excess of unlabelled anti-rat IgG prior to incubatlon

with FITC anti-rat IgG.

After 'incubating the sections' with K serum samples (1:4

~dilution in Dbuffer), they. were dincubated with various '
concentrations of uﬁconjugated anti-rat IgG and fipally with

FITC rabbit anti-rat IgG. A strong positive 1mmupofludresoenoe'

specific to .the islet cells was, observed with diabetic BB rat

sera but not with control sera in the absence of unconjugated

antli-rat IgG. The immunofluorescence was pértially blocked on
the sections incubated with 25-50 ug/ml éf unlabelled anti-rat
Igé' and was completely blocked when anti-rat IgG coden-
trations exceeded ‘%O ug/ml (Table 2). These obgervations
Jindioate. that' (i) binding of rat sera to islet cell

oytoplasmic ‘determinants has the character of antibody-antigen

;eaotion. (ii) .rat ICA are probably immunoglobulln G. Ny
‘Subsequently' the sections were incubatéd simultaneously

with a dilabetic f?at gerum and guinéa—pig anti-insulin

-49- ’
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FIGURE 2 :

DEMONSTRATION OF ICA

, - ' - ' ' e
Pancreati;gggctions were incubated. (a) wjfh diabetic rat serum
and (b) with control rat serum, followed by the incubation ﬁ}th
rabbit 3pti-rat Igé. FITC conjugate.

{(a} shows immunofiuorescent specific to the islet cells

obtained with BB rat serum (c) such immunofluorescence was not

~ observed in the islet incubated with control serum'(i§1éts are -

shown by arrows). . ' .
(b} and (d) are the phase contrast photographs of the ié]et‘-.

shown in {a) and (c) respectively.
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TABLE ? - . P
» Es
BLOCKING OF CYTOPLASMIC IMMUNOFLUORESCENCE STAINING

QF ISLETS WITH UNLABELLED ANTI RAT 196

— PR —————— PR

SERUM . CONCENTRATIONS OF UNLABELLED ANTI RAT IgG
SOURCE IR :

0 ug/ml 25 ug/ml 50 ug/ml °  1Q0 pg/ml 200 wg/ml
4183+ T+ - -
45 BB L+ + ’ + - e
CONTROL .

RAT - - - 3 (:~\i' -
BUFFER - - , I G

«41 BB was non-diabetic rat; 45 BB was diabetic rat

After incubating the pancregatic sections with the diabetic orlcontrol
rat serum they were incubated with different concentrations of.unlabelled

anti-rat IgG prior to incubating with FITC labelled anti-rat IgG.
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antibodies followed by incubation with anti-rat IgG FITC
conjﬁgate and aﬁ%i—guinealpig IgG RITC conjugate. The slid#¥s
were . scored uhder both fluorescein filter for insulln
antibodies and rhodamine filter for ICA. The Iimmunof-
iuoreécenoe pattern of islets showed that the BB rat serum was
bigding to an identical qyfat least similar area of the islet
as that ‘stained by anti-insulin antibodies (figs. 3a and 3b.).

When the rat serum was applied to the sections presaturated
with anti-insulin antibodies or when anti-insulin antibodles
were applied to the sections preincubated with the diabetic
rat serum,, a subsequent -simultaneous incubation with RITC
labelled ‘ anti-rat IgG and FITC labelled anti-insulin
antibédies,yielded an immuﬁofiuoresoence pattern similar to
that shown in fig.3. These observations suggest that BB rat
1mmunog16bulins or ICA that Dbound spécifically to B-cell
cytoplasmic antigen were not anti-insulin antibodiéé.

The BB rgt "sera were titrated at higher dilutions.. Since
both 1:2 and 1:4 WEBEQ? dilutions shoﬁed strong ppsitiye
reactions with éections,,all the subsequent tests were done
using 1:4 serum dilutions. Two control slides were included 1in
each set of tests, one was incubated.with negati&e gerum from
confrol rat and the other with PBS buffer.

D. Measurment of ICA Levels using Bquin's‘fixed pancreatioc
sect;onsil‘ _ | ‘ _

Islet 'cell oytoplasmic antibodies were studiéd in three
groups of rats; newly ‘diagnosed diabetic rats, pofentially

diabetic young BB rats-(both from the high prevalence BB rat
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FIGURE 3 ‘ e

IMMUNOFLUQRESCENCE OF ISLET WITH
ICA AND INSULIN ANTIBODIEé

A'pﬁhcreatic‘section was incubated with an excess-of guinea-
.Apig antiﬁinSGTin antibodjes and BB rat serum {1:4 dil.) subsequently
" incubated-with rabbit anti-rat -IgG RITC and rabbit'anfi-guinea-pig
FfTC conjugates simultaneously. . . - -
a) Cytoplasmic immunofluorescence specific for islet cells
obtained with-the BB rat serum (photograph taken under
RITCIfi1ter)
b) ~Immunofluorescence specific for isiet cells obtained with
anti-insulin antibodies {photographed under FITC filter).
| Immunofluorescent patternﬁ obtained with ICA and anti-insulin

antibodies are similar.



FIGURE 3

IMMUNOFLUORESCENCE OF ISLET WITH

ICA AND INSULIN ANTIBODIES
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colony), and morimal healthy rats ffom_the control colony. The
group of 22 newly diagnosed diabetics consisted of 5 males and
17 females, twenty one of these developed the ‘overt symptoms

between the age of 87-104 days and one female rat developed

the symptoms at the age of 137 -days. Blood specimen from these.

animals were obtained between 24 and 72 hr after the detection
of glucosuria. The group of éo potential diabet;cs‘ consisted
_of 10 male and 10 female BE rats ranging in age from 44-54
days. The ages of 13 control rats ranged from 85-100 days.

All thé slides were scored with & photodetéctor using the
Bioscan software  package. The' instrument. was calibrated
againgt the referéncg standard as 100% intensity. The
intensities of islets and that of exocrine cells (henceforth
referred to as background) were read by the photodetector as
E?rcentages of the reference standard’'s intenéity. The
measurements were averaged over ten observations for every

slide. Islet cell fluorescemt intensity was calculated as a

difference between the total intensity of the islet cells and

that of the background. The results are summarized in fig.<4.
BB rat sera ylelded 1slets of varying Immuncflurescent
intensity. ghe values of 1mmun§f1urescent intensities of
islet cells obtained with diabetlc rat sera and_potentiéi
diabetic rat sera were significantly higher than those for
oontrol sera, porabability of error £éing .at 0.1% level
(P<0.001) for = diabetics” and -at 0.2% (P<.002) 1level for
Potential diabetio young rats.  Since the values of

immunofluorescent 1ntensities'are skewed to the~lef%, a non

-B6-
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*FIGURE &4 |

LEVELS OF ICA IN BB RATS

Fluorescent intensity of the islets represents the level of ICA
in a serum sample. Fluorescent intensity of the islets is the
difference between. the total immunofluorescent intensity of the
jslet and that of the exocrine background, both measured as
percentage of the reference standard. '

P, and P, are the respective probabilities that ICA levels in the
diabetic and potential diabetic BB rats are not higher than those
in control Wistar rats. P values have been calculated using

- "Wijcoxon rank sum test". ' . . '

- B6a - .



FLUORESCENT INTENSITY OF ISLETS (% STANDARD INTENSITY)

_Figure & _

LEVELS OF ICA IN BB RATS
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parﬁmetric tes£ ‘Wilcoxon rank sum test’ has Dbeen used to
calculate the probability of error for this data. The results
indicate that ICA are present in both diabetic and potential
diabetic BB rats. Sera from control rats were negative.
Determination of ICA on Ethanol Pixed Pancreatic Sections

In order to determine if ethanol fixed pancreas can be used
to demonstrate ICA in BB rat sera, 12 BB rat serum samples,

which were found to be posltive on Bouin’'s fixed pancreatlc

~ sections, were tested on ethanol fixed pancreas. Three of the

12 sera were from diabetic rats and the remalnig 9 were from
potential diabetics. Eight control sera were also included in
the experiment. All slides were scored as above. Only two out

of the +twelve sera showed positlive 1mmunofluorescence oOn

L

. ¥

ethanol fixed pancreatic sections (fig. 5).

Discussion

Circulating antibodies to gastrlic parietal cells, smooth

muscles and thyroid colloidal antigens have been demonstrated

in the BB rat by two other groups (Elder et al.,1982; Like et

al.,lapz). However these . authors reported that they were

“unable to demonstrate the presence of ICA in BB rat sera. They

were using fresh £rozen pancreatic sections aS'substiate,
which were either air dried or fixed in acetone at at -20°C.

The present study indicates that ICA are indeed present in

‘the BB rat, though, in order to demonstrate the presence of

-

these antibodies Bouin's fixed pancreas had to be used as
substrate.In this respect also dlabetes in the BB rat resembles

the human IDDM. Probablﬁ when frozen pancreatio sectione were
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used the cytoplasmic antigen was washed out of the islet ocells
during sequential incubations and washings The unsatisfaotory
results obtaihed by us with alcohol fixation are well in line
with the negatlve results observed on acetone fixed sections
by the above authors: \

The BB rat ICA seem to be speoific for .B célls as the
distribution of islet cell .immunofluorescence obtalned with
the rat serum closely fesembled .that observed for intracel-
lular insulin when incubated with anti-insulin antibodies. The
histological pattern also showed that these antibodies, unlike
ICSA, react with some cytoplasmic detefmihants of }slet cells.
The nature of the antigen is not known but it is not imsulin
because the positive reaction could not be 'bloched by
presaturation with anti-insulin antibodies.- Howevef, the
reaction was blocked by presaturation with anti—rat‘IgG: the
latter effect was concentration dependent, indicating that rat
ICA belong to class G immunoglobulin.

Because ICA could not be detected in the sera from control
Wistar rats, ve suggest that these are abnormal immunog-
lobulines. ICA were demonsthated not only 1in diabetic rats,
but also in very Young potential diabetic rats (44-54 days
0ld) from the same oolony. About 50% of the potential
diahetics are expected to develop the disease eventually, but
at the time of specimen colleotion.inone of them had olinicai
symptoms. These experiments suggest that; (1) the presence. of
ciroulating ICA is a characteristic featufe of all the rats of

the BB rat ocolony studied here whethér they develop giabetes
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or not and (1i) in all these rats ICA appear at a young age,
well before the onset of the clinical symptoms of the diseasé.f
II ISLET CELL SURFACE ANTIBODIES . :

A. Islet Cell Suspensions - .
— Islef cell suspensions were prepared from isleté mainfained
in cultures for 4-8 days. Integrity of the cultured islets was
verified by monitoring the insulin released 1n the wedia.

Three different cultures of .islets were monltored for two

weeks and were judged healthy and functional by measuring the

insulin release during this period' in responsé to_glucdse

" load.

Islets were dispersed using Swim'sM supplemented;-with 0.2%

trypsin. The vigbility, the total yield of the dispersed cells

and the percentage of the single cells present in the

suspension were checked routinely. Table 3 shows the sample
data from eightl cell suépensions chosen randomly. Each

suspension yielded 3-4 million cells depending on the number

of culture plates used. Viabllity of the dispersed cells, as

determined by Trypan blue excluslon test, was alwayéf above
95%. The single cells obtained in most of the suspensions weré
above 70% of the total cells recovered with some instances of
ag8 low as 60-70% of the total vyleld. Most of the time the
olumﬁs obgerved oonsisted of two or three cells. -
B. Testing Of Islet-oell Suspension for A and B Cells

Islet oell suspensions were tested twlce for the presence

of insgulin producing B oells.and glucagon producing A cells by

the 128I_protein A binding method. Bouln’'s fixed cells in

-81-
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TABLE 3

REPRODUCIBILITY OF ISLET CELL .SUSPENSIONS

»

TEST NO. OF -CULTURE fOTAL CELL_ PERCENT PERCENT -

No.  PLATES USED o YIELD SINGLE CELLS  VIABILATY
(x 10 ) '
| 7 2.9 71,47 T
. 2 9 3.6 - 86.6 9%
B g - 2.9 63.0 96.5
4 10 3.4 67.7 97
5 10 2.6 2.9 . 9.5
6 10, ' 3.7 a46 97
7 2/ - w2 98
.8 3 4.0 79.4 . 96

Each cultqﬁé plate contained islets isolated from the_péncreéta of 10-13"
L. rats. Total cell yie]d is the total number of ce1lsﬂrécovergd ina

suspension.
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' miprotitrq plates were incubated wiph‘rabbit—qnti glucagon or
gulnea pig anti-insulin antibodies followed by the incubation
with -IasI—protein A. The binding of the radio—ligand.to the
cells incubated with.anfi—glucagon antibodies and'anti—insulin

" antibodles indicated the presence of both A and B cells in fhe

suspensions (table 4). | .

a! Comparison of Pive Radio-Ligand Methods to Measure Ic';SA
Levels | |
Five variations of a radio-ligdnd assay were édmpared for

measuring the 1évels of ICSA in rat sera: 'In all five methods
either anti-rat IgG or protein A, each labelled with 1251, vas
used as a radio-ligand. Two samples from diabetic rats aﬁd two
from control rats at final dilutions of 1:4 were tested by
each method. A sumﬁary of results is presented in table §&.

In methods I and II sera were tested by measuring the
qupeotivel percentages of the .total 1281 _anti-rat IgG and
128y protein A bound to the islet cells preiﬁcubated with sera
using one step radio—ligand assay in tubes.

In ;ethod III affinity purified 1281 jabelled anti rat IgG
F(ab')p fraction was: used ‘a5 the radio—ligand. Also, Hanks
buffer was replaced by Dulbecco's BSA II (supplemented with
0.09% éodium azide) and all the incubations were done at-BOC.

In methodAIV the samples were teste& in microtitre plates
at 37°C, using two step‘radio—iigand agsay. Since profein A
has & low binding affinity for rat IgG but a high binding
affinity for rabbit IgG (Langone 1978), an additional 'step was

" introduced. - After _incubating with sera the cells were'
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TABLE 4

TESTING OF ISLET CELL SUSPENSIONS FOR THE
PRESENCE OF A AND B CELLS

. i -125 .-
PERCENTAGE OF I-PROTEIN A BOUND TO THE CELLS
INCUBATED WITH ANTI-GLUCAGON OR ANTI-INSULIN ANTIBODIES

"RABBIT "GUINEA-PIG

TEST _ ANTI-GLUCAGON ANTI-INSULIN .  CONTROL
NO. ANTIBODIES ANTIBODIES . (BUFFER)
(196) ‘
1 4.5 | . 30:4 0.55
2 5.2+ - 30.6 0.60
"\_... -
-.’ *
/’
I
[
TN
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TABLE 5 " \

"COMPARISON OF FIVE METHGE% FOR ICSA OETERMINATION

a

. e METHODS OF ICSA DETERMINATION
o I m- 1w v
SERUM
* . SOURCE PERCENTAG£ OF RADIO-LIGAND BOUND TO CELLS
"250 BB, 0.57 1.4 1.7 47 345
25188 °  0.63 1.2 1.9 7.0 355
~
CONT.1. 0.3 . 0.6 0.8 2.9 131
CONT.2 | 0.40° « 0.8  NA* 1.9 8.5
'BUFFER  0.17 0.5 ¥ 0.9 1.1 5.5 .
* Not Oone . :

1

. In all methods, dispetsed. islet cells were used as 3ugitra€és. Sera

from two diabetic rats ard two control rats were compa ed with buffer

‘alone.

125 » ‘ 3
The rud.o T1gand was . l-rabbit-anti-rat IgG in method I, affinity

0

K 125 .
purified F(ab' hfraé£1on of the same in method III, and I-Protein A

in methods II"IV, and V

>

“Methods I, Il. and . '1I were oné step #4dio- 11gand assays in cu]ture

1

tubes. Method IV is a two -step assay on m1crot1tre p]ates and method

Visa two-step agsay in culture pubes. The second i&\jbody in.method

IV and V was rabbit anti-rat IgG. s .} . .
Incubating temperature was 37% for'methqu I, 11, and lgj’and 8°c for.
' mcthod 111 and.V: ‘,)’, ’ . . - -
. ) . ' ..“ ’ \ ' \ .
| 6;?. .



1ﬁcubated with rabblt anti-rat IgG followed Dby the
incubation with 125I—protein A.

Method V was the two step radio-ligand assay as above Dbut
the test was carried out in tubes: All the incubations and
washings were done at 8°C using Dulbecco‘s BSA-II
(supplemented with 0.09% sodium azide) ‘and tcells were
incubated with rabbit anti-rat IgG before the final iﬁcubatiOn
with 125I—pr0£ein A.

Each of the five methods showed that the peroeﬁt bihding of
the respectivé radio-ligand was higher for BB rat sera than
that for ocontrol sera or the buffer, indicating that the
presence of ICSA could be demonstratéd by all five methods.
However, method V was found to be the most sensitive for two

" reasons (i)’ the percent binding of the radlo-ligand obtained
for_ the BB rat sera was much higher than with other
methods,and- (11) the difference was largest between the radio-
1igand binding for test sera and that for buffer (tabie 5).

All- subseouent determinations of 1CSA were' dohe using
method (V) and all sera were tested at a final dilution of
1:4. The dllutions were done in Dulbepco‘s BSA II. Aliquots of
sera pocled from two control rats were used as hqgative
control and the aliquots from 3 diabetidﬁﬂat serum showing'
high oinding to th? cells were used as a positive cohtrol in
each set of tests. The same controls were used throughout the’
study. _ | | -

i ® | .

"'Since no .significant différence was observed hetween the

% ;binding of commercially labelled protein A and the protein A
Y .

-
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labelled 1in  this . labofatory, commercially  iodinated
125prrotein A was used for all subsequent tests.
D. Heésurment of Levels of ICSA Binding ' e

' Igief cell surface antibodies, 1lke ICA, were studied in

three groups of rats; (1) newly diagnosed diabetic BB rats,
(11) non <diabetic young BB rats referred to as potential
diabetics and (iiiﬁ normal healthy rats from our control
colony. The group of 26 newly diagnosed diabetlc rats
consisted of 13 females and 13 males with ages ranging from 87
to 137 days. Blood from these was sampled between 24 and 72
hours after the detection of giycosuria. The group of 26
potential dlabetic ‘rats also consisted of’ equal number frqm
both sexes with ages ranging from 44-80 days. The ages of 16
 control animals ranged from 85-100 days. - | |
ICSA levels in sera vere Wetermined lby method V. The

percentage of. the total radioligand bound for the sample

_(after subtracting the non specific binding for buffer

control) was the measure of ICSA_. levels. The results

~summarized in fig.é are the mean of duplicate determinationé.
The observation . indicate that ICSA, like ICA, are present in
- both diabetic and potential diabetic BB rat sera. «

- 1281_protein -2 binding levels for sera from diabetic as
wgll'aé pﬁten%ial diabetic BB rats were significantly higher
than those obtained for control sera. The probability that
ICSA levels 1§.the BB rdts (each group diabetic and potential
diabtic) are not higher than those in the coﬁfrol is at 0.1%

level (P«0.001, as oalculated by ‘Wilcoxon rank sum test’).
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FIGURE 6 -

-

b |

LEVELS OF ICSA IN BB RATS

Percentage of the total r’adiol& bound to the islet cells
for a serum represents the ICSA levels in the serum. Radigijgand
binding for serum has been calculated after subtracting thedi
nonspecific binding for the buffer. .-

¥ >

P, and P, are the respective probabilities that ICSA levels in

the diabetic and potential.diabetic BB rats are not higher than

these in control Wistar rats. ‘P values have been calculated using
- "Wilcoxon rank sum test". :

s . . N
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LEVELS OF ICSA IN BB RATS
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E. Affinity of ICSA for Spleen Cells

Since Dyrberg et al (1984) reported that BB r t,iCSA can be

.absorbed with spleen cells, we studied the affinity of ICSA

for spleen cells by comparing 1251-profein binding for the
samples absorbed with’spleen cells versus unabsorbed samples.
Both the BB rat sera and control sera were tested; The results
are summarized. in table 6, No signfficant difference was
observed between the ICSA levels for.ungbsorbed sera and the

b
sera absorbed with an equal volume of packed spleen cells

.Contrary t0 ‘Dyrberg_s + findings, 1in these experiments ICSA

could not be absorbed out of sera with spleen cells.
F. Complement; Dependent Cytotoxicity Of Antibodies
Cytotoxicity %f antibodies to islet cells in-vitro was

studied by measuring the amount of Blonromium rebeased from

‘tbe-oells by the serum in the presence of complement. Sera

-

from five diabetic BB rats aged 102 days and from five control

rats. aged 85 days 7ere used for the experiment. The sera from

diabetio rate were sampled 24, hours after the onset of overt
' %

symptoms. As - shown in table 7, conslderable release of B‘1Cr

was observed in both. groups and no significant difference wae

@

k:::iound between the releage of 8lchromium by diabetio gera ?'

$
¢ontrol sera in ‘the samples studled.

: Dieoueeion ' .

The presence of ICSA has been demonstrated earlier in this

~ laboratory (Pollard et . al.qgeas) by an indirect immunof-

luorescence method and by Dyrberg et al.(1984) using a
ks >
semi-quantitative technique baged on 128I-protein A binding.

s
+ L4
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TABLE 6
. COMPARISON OF [SLET CELL SURFACE ANTIBODIES IN , -
UNABSORBED SERA AND SERA ABSORBED WITH RAT SPLEEM CELLS:
o S | | | .
C;ﬁk;\ﬁ' | ] ‘
TEST  SQURCE OF  PERCENT RADIOLIGAND BOUND TO THE CELLS -
NO. - SERUM - | o
: - ~ INCUBATED WITH INCUBATED WITH
UNABSORBED SERUM ABSORBED SERUM
1 179 8B | 10.4_ 2.8
. ._1 _ 2 ~ 180 BB .,\' ’ 17.7 | ég,;;.a
-3 18188 0.7 - - .S
43 4 eem . 9.6 : (\_»__‘ 9.4
5 - 3388 159  25.0 ° ,
6 B - . 2.2 S 249
7.7 211 88 ) s S - R
, 8 m2m 013D B ¥ S
9 s o8 . " 2.3 |
107 228 88 ne 10.3
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Absorbed sera were prepared by'incub%tion'withnequallvbiumeg of rat -

. d . . . . - 3
. spleen cells for 45 min. atf37°%.(;~f’
- at- s
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fﬂj TABLE 7

COMPLEMENT DEPENDENT CYTOTOXIC ANTIBODIES MEASURED
| BY THE CHROMIUM RELEASE METHOD *

\\‘“-\\\5§--‘ T, | ' AVERAGE

PERCENT S1CHRONIUM RELEASED . CHRoIu
SERUM RELEASED
. SOURCE SERJ(\CONTROL ~ SERUM + COMPLEMENT . X¢5.D.
. Lo _." | )
179 B8, 7.8 : 38.0
180 BB 10.1 \\ : 80.5 -
181 8B 8.8 8.1 41.0 : 5.5
182 BB 9.9 o a4.0
183 BB 6.2 ' 34.0
184 CONT . 9.2 40.9 . |
185 CONT 8.7 50.6 o
42.8 1+ 4.4
186 ‘CONT 7 © 39.8
g7 CONT . 7 40T
188 CONT . ;10.9 CL a2
EOMPLEMENT CONTROL Co
Buffer + complement ' : N 15.2
= . .’ '. - ,____.....,._..__.._..._._.......__.'__‘,-.__. ———

A1l the BB rats were newly di?gnosed diabetics. Each individual -

result in the Table represents an average of 3 4ublicat¢gassays.
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Dyrberg et al used extfﬁs}yahigh quantitieé of radioact.vity
(Approx. 1x108 cpm per tube.) because only a minute fraction
of the total ligand added (less thgn 1%) was-bound to the
cells. Most.likely, the lov binding of the ligand in their
"experiment was due to the low binding affinity of prétein A
for\rat IgG (Langone, 1978). We tried to circumvent the
prpblem in twd different Qays: by'using I?BI labelled anti-rat
IgG instead of protein A, and by developing a two step
radioligand assay, i.e., method V. In this method, after rat

IgG was bound to the islet cell surface (after incubating fhe

cells with rat sera), the cells were first incubated with -

_unlabelled rabbit anti-rat IgG and then with, 1257 Protein A.
-The two step method carried out at 8°C proved to be a better
. method as the binding of the radio 1igand for diabetio rat

sera was increased from 1.2% a 1.4% obtained-by.method IT %o

34.5% and 35.5% (method V). The attempt: to adapt this method‘

for milcrotitre plate was not very successful. Radio- ligand
binding in miorotitre platél was pﬁ@bably Low because
-dispersed islet cells maintained 1n microtitre plates tend to

-¢lump together forming' pseudo-islets, thus reducing the celi

surface area avilable for reaction Withiizi:Z;d S
" In method III we tried an affinit prepatation of v

- rabbit anti—zgt . IgG, believing that the unpufified anti-rat

IgG used i method I most 1likely oontained antibodies to

various other antigens wvhich would result in low binding of

the tracer. Although ‘the use of /nffinity purified IgG
b

inoreased the peroentage of the ligand

—42— J
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sensitivity of this method was still much lower than that of

method V. Therefore method V was chosen for subsequent tests.

The results of this study have confirmed our éarlie¥
observations obtained by immunofluorescence method (Pollard et
al.1983) that ICSA could be detected in the sera of ‘all the
animals from the BB rat colony whether they develop diabetes
or not. Furthermore these antibodiés could be detected in
circulation long before thé onset of the disease.\ |

Our fallure to show the binding affinity of ICSA to spleen
cells can not be explaiﬁéd._.fae discrepancy Dbetween the
results of this study and _that reported by Dyrberg (1984)
coﬁld be due to +the different methods uséd for preparing
spleen cells. Also, the fact that the.original BB rat colony
was Tnot inbred and allowed for considerable genetic
heterogeneity should be considered. vVarious BB rat subcolohies
néw mainfained at. different locatians, inbred or partially

outbred, have been derived from  only a few animals from the

opiginal colony. This could introduce gome genetic difference

among these subcolonies.
The experiments with complemeﬁf dépe t thotoxicity_were
rather frﬁstr&tingi ‘ The résuits‘ for the same ' set of ser
obtained ;;th different batches of -cqmbiﬁent vere noéi\
réproducible. Thq :ésuifs sﬁown in_t@b}q_?‘are only an example
from one set of experiments. No réliahie oonc;uéion could be

Fformulated.
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III. Longitudinal Study of ICA and ICSA

The levels of ICA and ICSA were followed in weekly samples

-drawn from 20 BB rats (an equal number from both sexes),

starting at the age 6-7 weeks, i.e. well before the earliest

onsét of the overt symptoms. In sixteen of these animals islet

cell antibodies were followed until their death and in the '

remaining four ‘the longitudinal study was terminated after 30

weeks. Nine of the twenty animals, 7 females and 2 males,
became overtly diabetic during the study. Six of »the sevén
diabetic females came from the same l;tter.

- ICA levels in the samples drawn on the same day from all
the animais were_tested'in one assay. As far as possible ICSA

determinations 1n all the serial sqmples' from one rat were

done 1ln one assay to'eliminate-inter—assay variatlion. However, .

in case of three aﬁimals the number of samples was +too large

. to be analysed in one assay. Therefore, the samples from each

NEE

.0f these three animals were analysed on two different days,

repeating -some of the samples from previous day. All

¢ determinations were done in duplicate. Twenty one samples and

Ir . -

. for one sample. The mean

three ocontrols could be easily handled in one assay.

Reproducibility of ICSA assay was checked by the ratio of

positive and negative control. The mean and standard deviation

for 28 tests was 3.4+ 0.4 with a coeffiolent of variation 11%.

~ -

. Intra-asgay variation .was checked by taking eight measureiient

and standard deviation was 54.2+2.5.

. . - b
Both ICA and ICSA wvere found in all the animals vhether ¥

_ they .developed oclinicalr symptoms or npt (fig. 7 & 8).

— . . ' A
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Considerable fluctuations were observed in the binding levels
of both ICA and ICSA during the course of ‘the study. The
changes in the levels of the two antibodies were mostly in the
same direction, however, in some instanges it was observed
-tﬁat the level of one type of an;ibodies_was increasing, while
that of the other type wag decreasing. |

Fig.7 and Fig.8 show ﬁepresentative éxamples frqm four
.animals . that Dbecame diabetio and four that did. not become
diabetic during the ‘study, The observations suggest that
neither the time of onset no% the clinical symptoms of diabetes
‘influence the levels of elther type of antibodies However,
it appears that the mean level of ICSA gradually 1n0reasss
with age in the BB ras studied hefe (fig.g)f'

In a few instances - the antibodies, more often ICA than
ICSA, were undetectable 'in one specimen buﬁ'reapﬁharéd in

samples from subsequent weeks.
DISCUSSiOH

The longitudinal study-confifhed. as weil ss' complemshted.
the results reported in the first two parts of this study. All
the animals from the diabetes prone BB rat colonY‘Were found
to develop both ICA and ICSA early in life. About one half of
these animals became diabetic, but neither the sudden drop of
ingulin 1levels nor the profound metabolic changes accom-
panying. ipe acute ketoacidosis have a majof\<é£fect on the
levels of ciroulating antibodies. Yet neither. ICA nor .ICSA
could bel detected in sera from. control. Wistar rat oo;ony

H

derived from.the same original Wistar colony at BioBreefing -

. | /f_,//q | f;'
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. FIGURE 7 and FIGURE 8 '
. . .
v . ICA AND ICSA LEVELS IN DIABETIC

AND NON-DIABETIC BB RATS

- .
Fluorescent intensity of the islet represents the .
' difference between the total intensity of the iglet and
S e ) .. : T
- that of the exocrine cells, both read as % of reference
; ~ standard.. R . a i
. ' h 125 . .
% binding of radio-ligand represents the [-Protein . - .
: A binding for sera after subtracting the non-specific
\ . . . .‘ . . h . . . .
\//;'- . binding. - ,
hl - : q . ’:
f - 5 .
. ’ ’> v
" . . :
: . :
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FIGURE 7
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FIGURE 8
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FIGURE 9

-

MEAN BINDING RATIO OF RADIO-LIGAND

 "TIME COURSE OF ICSA LEVELS IN BB RATS
(MEAN, HE.AN*'STD.DEV., MEAN-STD. DEV)

LEGEND

MEAN+SD
MEAN
MEAN-SD

8 1@ 12 14 16 18 28 - 22 .24 26
AGE IN WEEKS

an levels of ICSA in B8 [5}5 are represented by the mean binding
tio of the radio-lagand, HEEFOtEi" A. The binding ratio of the
io-1igand is the ratio of I-Protein A bound to the cells for

test~serum and that for the negative control. From weeks 6-10 the

specimens are from 16 BB rates (N = 16), but the number of specimens
gradually decreases to 10 by week 26, as some of the animals dicd

during the period of study.
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Laboratory. Whether these antibodi¥s play any pathogenic role
in the )development of the diseaé s not defermined. The
antibodies may be simply a byproduct of an .underlying génetic
disorder. . |

' The potential. 1mpor£ance of these .observations in my'

A I .
opinion 1s two-fold: (i) Islet cell antibodies are the true

' geﬁetic-marker of the diabetes prone condition in the BB rat.

'7 Inheritance of diabetes 1n the BB rat qﬁfs not show a clear

' mendelian pattern. A two gene theory has been purposed to

lexplain the observed pattern of the disease (Colle et

1
'al.,1983). On the otherhand there is a strong indication that

/the susceﬁtibility to the disease in the BB rat is.a result of

- the single dene mutation in a Wistar rat colony, because:(a)

the disease appeared suddeﬁly in only one Wistar cclony,(b) it
steadly feappeared in the offsprings, (c) and there is a'high'
prevalence 5f the disease. However, £hese observations do not
rule out the possibility of the requirement of phe second
gene, presﬁmably quite prevalent 1n VWistar rat, for the
expression of the disease. In either case the lmmune sysﬁem of
the BB rat seems to be affected by the ‘primary hereditory

cohdition, as ICA and ICSA are present 1in all the animals of

~the BB rat colony. In that case detection of islet cell

antibodies, instead of clinical symptoﬁs of dia.betelgé can be
used to study the genetics of the BB rat. ‘

(11) There are reports of higher prevalence of circulating
islet ocell antibodies 1n the first degree relatives of

diabetic  probands than 1in general population. These

~-80-



observation rgﬁggest that even fin man, IDDM may be an

expression of a severe autoimmune condition. Whereas, the

clinicad symptoms of dliabetes may remaln unexpressed in milder

cases of the autolmmune condition.

-81-



CORCLUSION
Tt is shown that not only the antibodies to  pancreatic
islet cell surface (ICSA) but also the antibodies to islet

celll cytoplasmic antigens (ICA) are present in the dlabetes

prone BB rat. Both ICA and ICSA are present in all the animals

of the BB rat colony studied, whether they develop diabetes or
not, and the antibodies are detectable in fairly young animals
(7 weeks old)._However neither of the two antibodies could be
detected in any of the control Wistar rats.

There is no correlation between the 1evels‘of either of the
antibodies and the time of onset of the disease. In fact the
levels of both ICA‘and ICSA .fluctuate considerably in an-
unpredictable manner during the life time of an individual
animal whether the animal became diabetic or not.

It was observed that some times one type of antibodies may.
even disappear from circulation temporarily, while the other
was still present at Iigh level, indicating that two different
antigens are involved in this autolmmune condltion.

It appears that the presence of these antibodies 18 ue
immunological marker of the genetic abmormality in the QZ/:jL
DeveloPmenf of dlabetes in only 40-70% of the animals of this
colony suggests that overt symptoms of diabetes are expressed
only in the severe condition of an undérlying. autolmmune
disorder.

Tt will be interesting to investigate 4if the antigens in
question can be defeoted in circulation as the free entities.
or complexed with the respective ﬁntibodies.

~-82—
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