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Autoimmune responses to the 3 cell autoantigen, insulin, and the INS
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SUMMARY

Type 1 diabetes is associated with autoimmunity to insulin. Genetic susceptibility to type 1 diabetes is
polygenic and includes thieNS VNTR-IDDM2 locus which may regulate the expression of insulin in
pancreas and thymus. In order to determine whether insulin autoimmunity could be attributed to a
genetic susceptibility conferred by tieSVNTR-IDDM2 locus, peripheral blood T cell proliferation to
human insulin and insulin autoantibodies (IAA) was measured in patients with new onset type 1 diabetes
and control subjects. IAA were detected in 21 of 53 patients and in none of 25 control subjects, while
T cell responses were low (stimulation index range 0-4—7-2) and similar in both groups. Both antibody
and T cell responses were higher in younger subjects and IAA were more prevalent in patients with the
HLA-DR4 allele. No relationship was observed between humoral and cellular responses to insulin. No
association was found between ti¢S VNTR-IDDM2-susceptible allele and insulin autoimmunity.
Increased T cell responses and IAA were found in patients with either the diabetes-susceptible or the
diabetes-protectivilNSVNTR-IDDM2 locus genotypes, and increased T cell responses were also found
in control subjects with either susceptible or protectN€ VNTR-IDDM?2 locus genotypes. This study
confirms that primary T cell proliferative responses to insulin are low and detectable also in control
subjects. The detection of T cell proliferation and autoantibodies to insulin in subjects with and without
the protectivdNSVNTR-IDDM2 locus genotypes does not support the hypothesis of an allele-specific
capacity for tolerance induction which could determine a susceptibility to develop autoimmunity
against the insulin protein and subsequently diabetes.
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INTRODUCTION [15-19]. Thus insulin, or its prohormone proinsulin, is considered an

Type 1 diabetes is characterized by humoral [1] and cellular [2]|[mp0rtant early autoimmune target in type 1 diabetes, and has

immune responses to pancreatic islet proteins. These immunge[;e;zrzse?gﬁpgilt;?rﬁ:]:::t:gin;p;cf;ci:}";m;ngahdeﬁ%r[zig]ét
responses are important markers of the immune process precedin P

disease onset [3] and have been used to identify individuals Witﬁ%toantlgens associated with type 1 diabetes occurs very early in

preclinical disease, in whom intervention therapy may prevent or!Ife [21]. These immune responses, and particularly those against

delay progression to disease onset [4] insulin, are influenced by théDDM1 HLA class Il loci [22].
Several islet autoantigen targets have been identified. One Olﬁece.rr:clly ltr]wa?hsugg;e§§?nthnat :meSVnNTRI}lH%DVI\f\IZ_I_ECI%SDT\;Sy
these, insulin, is specifically expressed within pancreatic islets b So Infiuence the autoimmuné response. )

theg cells. A humoral immune response to insulin is detected in the cuS contains a polymorphic regioh t the ms_,ulln gene coding
majority of patients with childhood disease [4,5]. Cell-mediated sequence, and it has been shown that this region has linkage to type
-y 1 diabetes [23,24]. Moreover, it has recently been reported that

responses to insulin in peripheral blood are weak [6--13], but inSUIinénsulin is expressed in fetal thymus, and that the level of expression
ific T cell cl isolated f imal models of diabetes h . . . . ! .
Spectiic 1 cefl clones [soia’ed Trom animal mode's ot diabetes hav s higher in subjects wittNSVNTR-IDDM2 genotypes associated

been shown to transfer disease [14]. Moreover, treatments witf?. . . . 4 .
intravenous, subcutaneous, oral or intranasal insulin have bee\%Ith type 1 diabetes protection than in those with the susceptible

shown to prevent or delay disease onset in animals and in humars‘i’senOtype [25’2.6_;]' These_ studies have prc_)pose(_j a me_chanlsm of
an allele-specific capacity for tolerance induction which could

Correspondence: Ezio Bonifacio PhD, Department of Internal Medicine détermine a susceptibility to develop autoimmunity against the
Istituto Scientifico San Raffaele, Via Olgettina 60, 20132 Milan, Italy.  insulin protein and subsequently type 1 diabetes. If this hypothesis
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is correct, then it would be expected that autoimmune responses twas modified by precipitating immune complexes withub@f
insulin would be associated with the type 1 diabetes-susceptibl&0 mv Tris—HCI pH 8 with 1% v/v Tween 20, 10% v/v pre-swollen
INSVNTR-IDDM2 locus genotype. The aim of this study was to protein A-Sepharose (Pharmacia Biotech AB, Uppsala, Sweden)
determine whether we could provide evidence for this hypothesigand 5% v/v pre-swollen protein G-Sepharose (Pharmacia Biotech
through the measurement of humoral and cellular responses tAB). |IAA results were converted into arbitrary units by use of a
insulin in the peripheral circulation of new onset diabetic patientsstandard curve. The threshold and98entile of local control
and control subjects. subjects was calculated at4-4 1AA units [28]. ICA in control
subjects were measured in undiluted sera by indirect immuno-
fluorescence on cryostat sections of blood group O human pancreas
PATIENTS AND METHODS as previously described [29].

Patients and control subjects

The study was carried out on 54 newly diagnosed diabetic patientsILA typing

(median age 12 years, range 1-32 years; 36 males) and 27 healtfiyping for the HLA DRB1*03 and DRB1*04 alleles was carried
control subjects (median age 27 years, range 12—46 years; ldut on DNA extracted from peripheral blood mononuclear cells
males). Thirty-nine patients and nine control subjects were age@BMC) and stored at- 20°C using polymerase chain reaction
= 15 years. Thirty-five patients and 27 control subjects were testedith sequence-specific primers (PCR-SSP) based on the method of
for T cell proliferation, 53 patients and 25 control subjects wereOlerup et al. [30] with primer sets E (DR3) and G (DR4) as
tested for insulin autoantibodies (IAA), 50 patients and 26 controldescribed by Beiret al. [31]. Subjects were typed as DR3/X,
subjects were tested foNS VNTR-IDDM?2 alleles. Patients were DR4/Y, DR3/4 or DRX/Y, where X is an allele other than
tested for T cell proliferation within 10 days from the beginning of DRB1*04 and Y is an allele other than DRB1*03.

insulin therapy. All control subjects were negative for islet cell

antibodies (ICA) and IAA and had no family history of type 1 INS VNTRIDDM?2 alleles

diabetes. Experimental protocols were approved by the locaBubjects were typed as havilgSVNTR class | alleles and/dNS

Ethical Committee. VNTR class lll alleles using Hphl digestion of PCR amplification
products of the region of interest, as previously described [24].
Antigens Subjects were divided into two groups: those with the type 1

For T cell proliferation studies, human semi-synthetic crystallizeddiabetes-susceptible Hpi/+ class | homozygous genotype and
Zn-insulin (Novo-Nordisk, Baegsverd, Denmark) was used at fourthose with the protective Hphi/— class Ill homozygous or
concentrations (0-04, 0-4, 4 andi @ corresponding to 0-23, 2:3, Hphl+/— class l/class Ill heterozygous genotypes, according to
23 and 23Qug/ml, respectively) which lie in the middle of the dose the previously reported association of the Hptt- class | homo-
ranges used in previous studies (0-05—&@nl). Tetanus toxoid zygous genotype with type 1 diabetes [24].
without thiomersal (Connaught, Ontario, Canada) was used as a
control antigen at a final concentration of Ad@ml. For autoanti-  Statistical analysis
body measurements, human recombinant-?dotyrosyf'¥)  For T cell responses, all comparisons of distribution between
insulin (2000 Ci/mmol, Amersham, Aylesbury, UK) was used.  groups were made using the Mann—Whitngytest. Antibody
prevalences were compared using Fisher’s test, and the distribution
T cell proliferation assay of INSVNTR-IDDM2 locus alleles in patients and control subjects
Mononuclear cells were isolated from heparinized peripheral bloodising x? test for trend.
by Ficoll gradient centrifugation and depleted of CD&lIs using
Dynabeads M450CD8 magnetic beads (Dynal, Oslo, Norway)
according to the manufacturer’s instructions. Cells were resus-
pended at a concentration of *%0%ml in RPMI 1640+ 25 mv Cell-mediated responses
HEPES (Biowhittaker, Walkersville, MD) supplemented with 10% Responses to Zn-insulin were low and no significant differences
pooled human serum (PAA Labor- und Forschungsgesellschafhetween patients with type 1 diabetes (S| range 0-4-7-2) and
Linz, Austria), 2m glutamine, 100 U/ml penicillin, 100g/ml control subjects (Sl range 0-5-4-7) were observed for all concen-
streptomycin (Biowhittaker) and 210 °m 28-mercaptoethanol trations (Fig. 1). Patients aged 15 years showed higher prolif-
(Sigma, St Louis, MO). A proliferation assay was carried out usingerative responses to 4& Zn-insulin (median Sl 2-2) than those
150000 cells (10@l) in triplicate wells incubated for 6 days in the aged> 15 years (median Sl 1-B,=0-05). An age-related response
presence or absence of increasing concentrations of Zn-humao the highest insulin dose was also seen in control subjects
insulin (0-04, 0-4, 4, 4fm) or tetanus toxoid (1@g/ml) in a final (median Sl 2-4 in subjects 15 yearsversusl1:-3 in those>15
volume of 15Qul. *H-thymidine (1 xCi/well; Amersham) incor-  years,P=0-03), and no differences were observed in the prolif-
poration in the last 18 h was measured by liquid scintillation aftererative response to 4 Zn-insulin between patients agegl15
automatic cell harvesting. Results were expressed as a stimulatigrears and age-matched control subjects. All patients and all but one
index (Sl=median ct/min of triplicate wells containing cells  control subject responded to tetanus toxoid, with no differences
antigen/median ct/min of 24 wells containing cefisnedium alone).  between groups (median Sl 8-7 in patieméssus8-7 in control
subjectsP =NS), and no relationship with age (Table 1).

RESULTS

Autoantibody measurements

All autoantibody determinations were performed on serum aliquotsHumoral responses

drawn on the same day of the proliferation test and stored aElevated levels of IAA were detected in 21 (40%) of 53 patients
— 20°C. IAA were determined using a method based on the microand no control subject$(= 0-0001). All patients with IAA were
radio binding assay (RBA) of Williamst al. [27]. This method aged= 20 years and 18 were age#15 years.
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Fig. 1. CD8" depleted T cell responses to Zn-insul, Patients with new onset type 1 diabetes; 35; O, control subjectsp = 27.

Relationship between humoral and cell-mediated responses Relationship between humoral and cell-mediated responses to

No relationship was observed between humoral and cellulainsulin and HLA-DR oiNS VNTRIDDM2 locus alleles

responses against insulin. Patients with elevated IAA leveldHLA typing was obtained in 49 patients. Of the 19 patients with
showed T cell responses to 4@ Zn-insulin (median SI 1-9) IAA in whom HLA-DR typing was available, 17 (89%) had the
similar to patients without IAA (median SI 1-2=NS) and HLA-DR4 allele, compared with 13 (45%) of 29 without I1AA
control subjects (median SI 1= NS). Moreover, no differences (P=0-002). No differences in cellular responses were observed
between patients with and without IAA were observed whenbetween HLA-DR4 or non-DR4 patients or control subjects, and
patients were subdivided by age. No differences in T cell reactivityelevated responses were observed in patients with each of these
against tetanus toxoid were observed between patients withlleles (Table 2). A decreased response to tetanus toxoid was
and without increased IAA (median Sl 6versus10-4,P=NS) observed in patients with the HLA-DR3 allel® £ 0-006). No
(Table 1). other differences with respect to HLA-DR were observed.

Table 1. Relationship between T cell proliferation against insulin or tetanus toxoid, insulin autoantibodies (IAA), and age in patients with new onset type 1
diabetes and healthy control subjects

T cell response to insulin 404 T cell response to tetanus toxoid
Patients Control subjects Patients Control subjects
n Median SI n Median Sl n Median Sl n Median Sl
Total 34% 1.9 27 1.9 318 8-7 27 87
Age =< years 19 2.2% 9 2-4t 19 9-0 9 9-4
Age >15 years 15 14 18 13 12 6-0 18 7-9
IAA >4.4U 12 1.9 11 6-5
IAA =4-4U 2% 16 27 19 19 10-4 27 8-7
=15years IAA>4-4U 9 2:2 9 6-8
=15 years IAA=4-4U 9 25 9 11-8
>15 years IAA>4-4U 3 14 2 3-8
>15 years IAA=4:4U 12 1.5 10 8:4

* Patients= yearsversuspatients> 15 yearsP = 0-05.

T Control subjectss 15 yearsversuscontrol subjects- 15 yearsP =0-03.
1 One patient was not tested for T cell response to insulim40

§ Four patients were not tested for T cell response to tetanus toxoid.
€ One patient was not tested for I1AA.
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Table 2. Cell-mediated and humoral responses to insulin NSIVNTR- INS VNTR-IDDM2 genotype did not have IAA, and no sig-
IDDM2 locus alleles in patients with new onset type 1 diabetes nificant differences in IAA prevalences or levels were observed
between those with and without the susceptitiéS VNTR-
IDDM2 genotype.

Age INS I1AA* Sl to
Patient (years) HLA-DR  VNTRs units 41 Zn-insulin
DISCUSSION
1 9 DRA4/Y +1+ 49.0 2:2
2 9 DR4/Y +— 4-8 2.2 Insulin is an early target of humoral and cell-mediated autoimmunity
3 9 DR4/Y ++ 2:4 1.3 in type 1 diabetes. Previous studies have shown that the antibody
4 10 DR3/4 +i+ 85 1-4 response is most pronounced in young patients, and occurs several
5 10 DR3/X ++ 36 0-4 years prior to diabetes onset [3,5]. Cell-mediated responses have
6 11 DR3/X ++ 2-8 2:5 also been detected in peripheral blood from patients at and prior to
7 11 DR4/Y + 58 3.0 onset of disease [6—13], but appear less specific than antibody
g ﬂ gigg ﬂi 1;'(7) 5N$ responses, as they were also found in control ;ubjepts in most of
10 12 DR3/X i 0-0 1.4 these studies. In our study we observed that proliferative T lympho-
11 12 DRX/Y e 0.0 7.2 cyte responses to insulin are low, and are similar in both diabetic
12 12 NT NT 2.2 06 patients and control subjects, in accordance with some [9,11,13]
13 12 DR4/Y +/— 2.0 2.9 but not all previous studies [6—8,10,12].
14 13 DR4/Y —I— 34 2-7 The detection of proliferation to autoantigens in control sub-
15 13 DRX/Y +/+ NT 35 jects is not unique to insulin or type 1 diabetes [32]. This suggests
16 14 DR4/Y ++ 220 28 that the presence of circulating T cells autoreactive to insulin and
17 14 DR3/4  +/+ 230 2:2 other autoantigens is not specific to disease but is a common
18 14 DR3/4 ++ 79 17 occurrence. The detection of T cell responses to insulin in both
19 14 DR3/X +/— 1.5 31 . . . .
20 15 NT NT 81 1.4 young new o_nset t_ype 1 diabetic patients and control subjects, and
21 16 DR3/X it 2.4 2.3 of IAA _only in patients suggests th_at the mea_su_rement of auto-
29 17 DR4/Y v 3.4 1.0 antibodies will be more useful for disease prediction.
23 18 DR3/4 it 5.6 1.6 We found that cell-mediated responses are more pronounced in
24 19 DR3/X +i+ 1.5 2.2 young subjects, confirming also for cellular responses to insulin the
25 19 NT NT 8.7 1-4 age relationship previously reported for autoantibodies against the
26 20 DR4/Y +1+ 5.0 1.3 hormone [4,5]. This age relationship was not found for the recall
27 21 DR3/X +/+ 15 14 antigen tetanus toxoid, and suggests that sensitization to insulin is
28 22 DR3/X  +/+ 0-0 1.2 limited to childhood. Such sensitization is intriguing since expo-
29 25 DR3/X  +/+ 3-8 11 sure to insulin in breast milk [33] or in the peripheral circulation is
30 26 DR3/X +I+ 2:4 25 . s : S
31 P DRAN i 00 2.4 ongoing from very early in Ilfe_._ Pu_glleset_ al. [25] and Vafiadis '
32 27 DR3/4 v 0-8 1.6 e_:t al. [26] _speculz_ited that senS|.t|zat|o_n toinsulin may result early in
33 27 DR3/4 - 1.3 1.0 life from ineffective tolerance induction by the decreased expres-
34 30 NT NT 1.8 2.2 sion of insulin in the thymic epithelium of individuals with the type
35 32 DRX/Y S+t 1.5 1.2 1 diabetes-susceptibl®DM2 class | alleles. Thus, autoimmune

responses to insulin would probably be found in both diabetic
NT, Not tested. patients and control subjects having the Hpit- class | homo.-
*Insulin autoantibody (IAA) levels above the threshold for positivity Zy_QOUSINS VNTR ge“f“Ype- We could nqt, hoyvever, provide
are shown in bold. evidence for an association of PBMC proliferative responses to
insulin with theINSVNTR-IDDM2 locus alleles. Proliferation was
seen in patients and control subjects with either susceptible or
The type 1 diabetes-susceptible Hghih- homozygousINS protective genotypes. Furthermore, although in patients autoanti-
VNTR-IDDM2 genotype was found in 39 (78%) of 50 patients and bodies to insulin were mostly found in those with the susceptible
in 15 (58%) of 26 control subjects. Ten patients and nine controklass | homozygoubNSVNTR-IDDM2 genotype, such a genotype
subjects had the Hpht/— heterozygous genotype, and one patientwas also present in a large number of patients without detectable
and two control subjects had the Hphl— homozygous genotype |AA, and there were no significant differences in IAA prevalences
(P=0-05). No relationship between T cell proliferation againstor levels between patients with and without the susceptible geno-
insulin and INS VNTR-IDDM2 alleles was observed. Elevated type. Based upon the numbers analysed and genotype frequencies
T cell proliferative responses to insulin were found in patientsobserved, this study has 50% power, witk: 0-05, to detect a 33%
and control subjects who had either the diabetes-susceptible dlifference in IAA prevalence between patients with different
diabetes-protectivédNS VNTR-IDDM2 genotypes. In particular, genotypes. It should be considered therefore that weaker relation-
the highest proliferative response was seen in a patient with thehips between IAA and the susceptible class | homozydN$s
protective HphH-/— genotype (Table 2), and similarly, the highest VNTR-IDDM2 genotype may be missed.
response found in control subjects was in an individual with the  Another aspect of this study is the relationship between cell-
protective Hphk-/— genotype (data not shown). Of the 21 patients mediated and humoral autoimmunity to insulin. Previous studies of
with 1AA, 16 had the susceptibleNS VNTR-IDDM2 genotype, responses to the islet autoantigen glutamic acid decarboxylase
three a protectiviNSVNTR-IDDM2 genotype and in twéDDM2 (GAD) and the putative antigen ICA69 have shown inverse
typing was unavailable. Several patients with the susceptiblgelationships between peripheral blood T cell stimulation indices

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14:370—-376
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to antigen and autoantibody levels and have proposed that this may Keller RJ. Cellular immunity to human insulin in individuals at high

reflect a balance in TH1 and TH2 immunity to individual auto- risk for the development of type 1 diabetes mellitus. J Autoimmun
antigens [34,35]. Moreover, for GAD it was proposed that detec- 1990;3:321-7.

tion of T cell reactivity may be a stronger predictor of progression 8 Harrison LC, DeAizpurua H, Loudovaris T, Campbell IL, Cebon JS,
to disease than detection of autoantibodies [34]. This is surprising Tait BD, COIm"’.m PG. Reactivity to human islets and fetal Pig
in view of the detection of GAD autoantibodies in most patients at proislets by peripheral blood mononuclear cells from subjects with

. . . . preclinical and clinical insulin-dependent diabetes. Diabetes 1991;
and prior to disease onset. Also in the case of T cell reactivity to  447108_33.

insulin, an inverse relationship with autoantibodies has beeng pHarrison Lc, chu SX, DeAizpurua HJ, Graham M, Honeyman MC,
described [13,36], although others showed either no relation [7] Colman PG. Islet-reactive T cells are a marker of preclinical insulin-
or indeed higher T cell stimulation indices to insulin in patients  dependent diabetes. J Clin Invest 1982:1161-5.

with 1AA [12,37]. In the current study we found no relationship 10 Atkinson MA, Bowman MA, Kao KJ, Campbell L, Dush PJ, Shah SC,
between cellular and humoral responses against insulin, in that no Simell O, Maclaren NK. Lack of immune responsiveness to bovine
differences in cellular responses to the hormone were observed Serum albumin in insulin-dependent diabetes. N Engl J Med 1993;
between patients with or without increased levels of IAA. The 329_1853‘8'

contrasting relationships between T cell responses and IAAL Qg‘é?;r‘;?] '\,fl'f‘( BCZ"I‘I'lT:rnimg‘u Si?rt%bgn d'é}iﬁqﬁfﬁﬂi‘éﬂfﬁf?&”g?&é
observed in these studies sugge_st m{:\rked differences in Fhe a_b'“ty mate decarboxylase and coxsackie virus in insulin-dependent diabetes.
of the assays to measure antl_gen-ln_duced T cell proliferation. 5 xjin nvest 199494:2125-9.

There are several methodological differences between assay$; purinovic-Bello I, Hummel M, Ziegler AG. Cellular immune
and the general heterogeneity of results for T cell proliferation  response to diverse islet cell antigens in IDDM. Diabetes 1996;
against islet autoantigens probably reflects the lack of standardiza- 45.795-800.

tion and difficulty of interpretation of assays measuring T cell 13 Schloot NC, Roep BO, Wegmann D, Yu L, Chase HP, Wang T,
proliferation against autoantigens (Table 3). A potentially impor- Eisenbarth GS. Altered immune response to insulin in newly diagnosed
tant difference between the methods in these studies is the use of compared to insulin-treated diabetic patients and healthy control
autologous serum in the study by Schl@btal. [13] versuslAA- subjects. Diabetologia 19940:564-72. _ o
negative pooled human serum in our study and those by Durinovict* Dam?l D, Gill RG’ SC.hIOOt N’. Weg"‘a’?” D'. Ep'tope Spec'f'c't.y.'
Bello et al. [12] and by Hummeletal. [37]. The effect of the cytokine production profile and diabetogenic activity of insulin-specific

. . . . . . T cell clones isolated from NOD mice. Eur J Immunol 1995:1056—
presence of antibodies reactive with test antigen in the T cell ¢,

culture is variable [38—40], but may alter proliferation in younger 15 atkinson MA, Maclaren NK, Luchetta R. Insulitis and diabetes in
patients, in whom IAA are more prevalent. Other factors, such as  NOD mice reduced by prophylactic insulin therapy. Diabetes 1990;
metabolic control, may also affect proliferative responses in  39:933-7.
patients. 16 Thivolet CH, Goillot E, Bedossa P, Durand A, Bonnard M, Orgiazzi J.

In conclusion, our study confirms the ability to detect a cell- Insulin prevents adoptive cell transfer of diabetes in the autoimmune
mediated response to insulin in the peripheral blood of both non-obese diabetic mouse. Diabetologia 19813149 _
patients with type 1 diabetes and control subjects. We show that’ Zhang ZJ, Davidson L, Eisenbarth G, Weiner HL. Suppression of
this response is more prevalent in young subjects but is not related Q'ab?tes in nonobese d|at_)et|c mice by. oral administration of porcine
to IAA, and can be found in patients and control subjects regardles insulin. Proc Natl Acad Sci USA 19988.10252-6.

! §8 Harrison LC, Dempsey-Collier M, Kramer DR, Takahashi K. Aerosol

of their INSVNTR-IDDMZ locus alleles. insulin induces regulatory CD® T cells that prevent murine insulin-

dependent diabetes. J Exp Med 199842167-74.
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