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Relationship between B-cell function and HLA antigens
in patients with Type 2 (non-insulin-dependent) diabetes

L.Groop!, P.-H.Groop' and S. Koskimies?

! Fourth Department of Medicine, Helsinki University Hospital and ? Finnish Red Cross Blood Transfusion Service, Helsinki, Finland

Summary. In order to study the heterogeneity of Type 2 (non-
insulin-dependent) diabetes, we determined HLA antigens
and measured B-cell function as C-peptide response to intra-
venous glucagon in 217 patients with onset of non-ketotic dia-
betes after the age of 40 years. Their HLA frequencies were
compared with those of Type 1 (insulin-dependent) diabetic
patients and of healthy blood donors. The Type 1 diabetic pat-
ients showed a typical HLA pattern, with increased frequen-
cies of B15, DR3, DR4, B8/B15 and DR3/DR4 and de-
creased frequencies of B7 and DR2. The Type2 diabetic
patients could be distinguished from blood donors by in-
creased frequencies of Cw4, DR4, DR5 and DR3/DR4, and
from Type 1 diabetic patients by increased frequencies of B7,
DR2, DRS5 and decreased frequency of A9, Bw22 and DR4.
Age at onset and body mass index were unrelated to HLA an-
tigens, but the Type 2 diabetic patients with HLA-Cw4, DR5
and DR6 showed a strong family history for Type 2 diabetes.
Type2 diabetic patients with HLA-BS, DR4, B8/B15 and
DR3/DR4 showed significantly lower C-peptide concentra-
tions (p <0.05) than patients without these HLA antigens. In

contrast, patients with DR5 and DRwS presented with high C-
peptide levels. Twelve patients who were positive for both
DR3 and DR4 and 23 patients who were DR3/DR4 negative
were followed with repeated C-peptide determinations during
a period of three years. The C-peptide concentrations of the
DR3/DR4 positive patients decreased during this period,
whereas there was no change in C-peptide levels in the
DR3/DR4 negative patients. In conclusion, B-cell function
measured as C-peptide response to glucagon correlates with
HLA antigens in patients with onset of diabetes after age 40.
Impaired B-cell function seems to be associated with Type 1
diabetes-related HLA-antigens, whereas the presence of DRS
was associated with preserved B-cell function and a strong he-
redity for Type2 diabetes. The results thus support the con-
cept of heterogeneity in Type2 diabetes. Admixture of pat-
ients with latent Type 1 diabetes can at least partially account
for this heterogeneity.

Key words: Type 1 diabetes, Type 2 diabetes, C-peptide, HLA-
antigens, heredity.

Over the past several years, much information has accu-
mulated which indicates that Type 2 diabetes is a heter-
ogeneous disorder [1-3]. Probably the most critical issue
is distinguishing patients with Type 1 from those with
Type2 diabetes. The definition of Type2 diabetes is
crude and based on clinical findings which are not ex-
clusive, i.e. absence of ketosis and response to treat-
ment with diet and/or oral antidiabetic agents [1]. How-
ever, ketosis can be absent and the patient can respond
to treatment with oral antidiabetic agents in the early
stages of Type1 diabetes. Admixture of patients with
late onset Type1 diabetes within the group of Type2
diabetes could account for part of the heterogeneity.
Therefore, it would be of real clinical value to identify
patients with late onset Type 1 diabetes. Islet cell anti-
bodies are specific but insensitive markers of Type1
diabetes and are less frequent in patients with late onset
of the disease [4]. Genetic susceptibility to Type 1 diabe-

tes is associated with increased frequency of the HLA
antigens DR3, DR4, and the heterozygous form
DR3/DR4 and decreased frequency of HLA-DR2
[5-6]. Until recently [7] Type 2 diabetes was not consid-
ered to be associated with any specific HLA antigen(s).

With this knowledge, we anticipated that it might be
possible to distinguish a subgroup of patients with
Type 2 diabetes who may later develop insulin depen-
dence and thus be considered to have late onset Type 1
diabetes. We also anticipated that these patients would
differ from Type 2 diabetic patients in terms of B-cell
function. To test this hypothesis we determined HLA
antigens and measured B-cell function in 217 patients
with onset of non-ketotic diabetes after the age of
40 years. We also compared their frequencies of HLA
phenotypes with those of Type 1 diabetic patients and
healthy blood donors.
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Subjects and methods

Two hundred seventeen patients (111 females and 106 males) with on-
set of non-ketotic diabetes between the ages of 40 and 70 years were
randomly drawn from the register of the Helsinki Diabetic Associa-
tion and investigated for their B-cell function and HLA antigens. Di-
agnosis of diabetes had been established in all subjects in accordance
with the National Diabetes Data Group criteria [1]. Patients with
secondary diabetes were excluded from the study. All patients were
treated with diet and/or oral antidiabetic agents when investigated.
Eighty-nine patients (41%) were additionally treated with antihyper-
tensive drugs, and sixty patients (28%) used digitalis because of cardio-
vascular disease. None of the subjects showed signs of impaired he-
patic or renal function or used medication known to influence B-cell
function. The patients were informed of the purpose and possible
risks of the study before their voluntary consent to participate was ob-
tained. The protocol was approved by the ethical committee of the
Helsinki University Hospital.

One hundred fifteen patients (53%) reported a first degree family
history of Type 2 diabetes and 23 patients (10%) a first degree family
history of Type1 diabetes. The patients had a mean (+SD) age of
56 + 8 years, duration of diabetes 7 %6 years and body mass index
(BMI) 26.6%6.9. Their mean fasting blood glucose was 9.2+
2.5 mmol/] and their glycosylated haemoglobin concentration (HbA,)
was 11.8£2.8% (normal range of the assay 5.5-8.0%). All studies
were carried out in the morning after an overnight fast. Treatment
with oral antidiabetic agents was stopped 48 h before the test. B-cell
function was measured as C-peptide response to 1 mg of glucagon in-
travenously [8]. Plasma C-peptide was analyzed by a modification of
the radioimmunoassay described by Heding [9]. The inter-assay and
intra-assay variation coefficients were 7 and 5% respectively. All pat-
ients were typed for HLA-A, B- and Cw antigens; additionally
121 patients were typed for DR antigens. Ninety C-peptide negative
patients with long-standing Type 1 diabetes (mean age 35+ 6 years)
and blood donors from the same geographical area served as controls
for the HLA determinations. HLA typing was performed by a stan-
dard two stage microcytotoxicity method using a total of 120 antisera
defining 11 Alocus, 20 B locus and 7 Cw locus specifities. Eight DR
specificities were defined using a minimum of 60 antisera [10].

Twelve consecutive patients with both DR3 and DR4 (5 females
and 7 males) with a mean duration of diabetes of 8 X6 years and a
mean age of 58 £ 6 years, and 23 consecutive DR3/DR4 negative pat-
ients (i.e. without the heterozygous form DR3/DR4; 11 females and
12 males) with a mean duration of 7+ 5 years and a mean age of 55+
6 years, were followed with repeated C-peptide determinations during
a period of 3 years (Fig.2).

Statistical analysis

Values are expressed as means+ SD or as means £ SEM. Statistical
analysis was performed by analysis of variance, chi-square test or
Fisher’s exact probability test by the use of a BMDP computer pro-
gram [11]. When comparing differences in HLA phenotype frequen-
cies, the obtained p values were corrected for the number of antigens
defined in the sample at the locus in question. A pvalue of <0.05 was
considered statistically significant.

Results

The frequencies of HLA-A and -B antigens in blood
donors, Type 1 and Type 2 diabetic subjects are shown
in Table 1, and those of Cw and DR antigens in Tables 2
and 3 respectively. The Type 1 diabetic patients pre-
sented with higher frequencies of A9 (X?=10.77;
p=0.013), B15 (X*=18.91; p=0.000), B8/B15 (X*=
23.05; p=0.000), Cw3 (X* =9.19; p=0.018), DR3
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Table 1. Frequencies of HLA-A and -B antigens in blood donors,
Type 1 and Type 2 diabetic patients

HLA Blood donors Type 1 Type 2
antigen  (n=900) diabetic patients  diabetic patients
(n=90) (n=217)
n % n % n %

Al 181 201 19 211 41 18.9
A2 486 54.0 58 64.4 126 58.1
A3 400 44.4 36 40.0 86 39.6
A9 146 16.2 272 30.0 33 152
A10 70 7.8 0 0 15 7.0
A1l 79 8.8 4 44 10 4.6
Aw19 176 19.6 9 10.0 43 221
A28 102 11.3 12 133 27 12.4
B5 107 119 8 8.9 21 9.7
B7 219 243 6° 6.7 46¢ 212
B8 180 20.0 27 30.0 48 221
B12 139 154 12 13.3 33 152
B13 54 6.0 4 44 17 79
B14 3 0.3 0 0 2 0.9
B15 181 211 36° 40.0 65 30.0
B16 129 14.3 12 13.3 22 10.2
B17 39 4.6 1 11 9 41
B18 90 10.0 8 8.9 19 8.8
B21 4 0.4 0 0 2 0.9
Bw22 45 5.0 10 111 44 1.8
B27 126 14.0 3 33 28 129
B35 245 272 27 30.0 73 336
B40 161 179 21 233 35 16.1
B8/B15 23 2.6 11° 122 10 4.6

ap<0.01; ®p<0.001 vs blood donors; °p<0.01; ¢p<0.001 vs
Type 1 diabetic patients

Table 2. Frequencies of HLA-Cw antigens in blood donors, Type 1
and Type 2 diabetic patients

HLA Blood donors Type 1 Type2
antigen  (n=2480,°330)  diabetic patients  diabetic patients
(n=90) (n=217)
n % n % n %

Cwi 69 14.4 9 10.8 28 15.0
Cw2 32 6.7 10 12.0 20 10.7
Cw3 155 321 44! 53.0 79 423
Cw4 65 19.7 29 322 721 33.2
Cw5 35 10.6 9 10.8 10 5.5
Cwb 35 10.6 5 6.0 25 134
Cw7 - - 15 18.1 23 10.5

a® The number of tested blood donors for Cw1-Cw3 and Cw4-Cw6
respectively.
1 p<0.01 vs blood donors

(X*=1425; p=0.002), DR4 (X?=36.88; p=
0.000), DR3/DR4 (X?=27.63; p=0.000) and lower fre-
quencies of B7 (X?=14.54; p=0.004) and DR2 (X*=
22.77; p=0.000) than blood donors. The Type 2 diabet-
ic patients showed higher frequencies of HLA-Cw4
(X?=12.68; p=0.004), DR4 (X*=9.17; p=0.020),
DR5 (X?=18.25; p=0.000) and DR3/DR4 (X?=7.99;
p=0.038) than the blood donors. They differed from
Type 1 diabetic patients with respect to lower frequency
of HLA-A9 (X?=9.55; p=0.044), DR2 (X?>=10.33;
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Table 3. Frequencies of HLA-DR antigens in blood donors, Type 1
and Type 2 diabetic patients

HLA Blood donors Type1 Type2
antigens (n=322) diabetic patients  diabetic patients
(n=90) (n=121)
n % n % n %

DR1 120 373 23 253 40 331
DR2 107 332 7° 8.1 30° 24.8
DR3 102 316 48° 55.2 48 39.7
DR4 89 27.6 56° 64.4 514 4241
DRS5 20 6.2 6 6.9 2454 19.8
DRw6 17 52 5 5.5 5 41
DR7 57 17.7 9 10.3 22 18.2
DRw8 4 127 7 8.1 5 53
DR3/DR4 26 8.0 26° 299 212 174

ap< 0.05; "p<0.01; °p<0.001 vs blood donors;
¢ p<0.01 vs Type 1 diabetic patients

dp<0.05;

Table4. Age at onset of diabetes, body mass index (BMI), first degree
family history of Type 1 and Type2 diabetes and post-glucagon C-
peptide concentrations in Type 2 diabetic patients with and without a
certain HLA antigen

HILA Ageat BMI Family history of  C-peptide
antigen onset o (nmol/L
g (vears) Type2 Type 1 @ )

diabetes diabetes

W %)
B7 48+2 283+0.8 458 14.6 1.21+0.09*
B8 501 278+£07 571 29 1.14£0.08
B15 5141 27105 508 12.7 1.15+0.09
B8/B15 52+3  247x13 556 111 0.65+0.14°
Cw4 501  264+05 74.1° 244 1.14£0.07
DR1 49+2 272407 632 10.5 0.99+0.06
DR2 48+1 26410 3500 4.2 1.04£0.10
DR3 501  263+06 500 9.4 0.89+0.07
DR4 49+1 269+06 479 104 0.83+0.07%
DR3 48+1 279+0.8 7507 12.5 1.19+0.14*
DRw6 51+3  264+18 80.0° 0 0.78+£0.14
D17 50£2  269%09 455 227 0.95£0.08
DRw8 56+3 272+13 714 143 1.39+0.272
DR3/DR4 51+2 263+0.8 458 14.6 0.74+0.09*
All 49+1 26.6x05 531 104 1.0 £0.04
patients

2p<0.05; ®p<0.01; °p<0.001 vs patients without the particular
HLA antigen

p=0.012), DR4 (X?=8.32; p=0.031) and a tendency to
higher frequency of DR5 (X?=7.18; p=0.056). Age at
onset and body mass index were not related to HLA an-
tigens (Table 4). However, a first degree family history
of Type2 diabetes was more common among patients
with the HLA antigens Cw4, DR5 and DRw6 than
among patients without these HLA antigens (p <0.05,
p <0.01 and p <0.001 respectively). The mean post-glu-
cagon C-peptide concentration of all patients was
1.0£0.04 nmol/], and that of age- and weight-matched
healthy subjects was 1.30+0.08 nmol/1 (n=34). Pat-
ients who were positive for HLA-B8, DR4, DR3/DR4
and B8/B15 showed significantly lower glucagon stim-
ulated C-peptide concentrations than patients without
these HLA antigens (p <0.05) (Table 4, Fig.1). In con-
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B7 Cw4 DR5 B8 DR4

DR3/DR4 B8/BIS
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Fig.1. C-peptide response to glucagon in relation to HLA antigens in
patients with onset of non-ketotic diabetes after age 40. The bars rep-
resent the difference from the mean of all patients. The number of
studied patients with a given HLA antigen is given within brackets.
Patients with B8/B15 and DR3/DR4 were heterozygous for these
phenotypes. *p <0.05; **p <0.02 vs patients without the HLA-anti-
gen(s)
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Fig.2. C-peptide response to glucagon decreased significantly in
12 patients with both DR3 and DR4 during a follow-up period of
three years (p <0.01). In contrast, there was no change in post-gluca-
gon C-peptide concentrations of 23 patients who were negative for
both DR3 and DR4 during the same period. *p < 0.01; significance of
difference from the beginning of the follow-up period. DR3/DR4~
(@-—@); DR3/DR4™ (+—2)

trast, the HLA antigens DR5 and DRw8 were associat-
ed with increased C-peptide response to glucagon (p <
0.05). The C-peptide concentrations of the DR3/DR4
positive patients decreased significantly during the fol-
fow-up period (p <0.01), whereas there was no change
of C-peptide concentrations with time in the DR3/DR4
negative patients (Fig. 2).

Discussion

The Type 1 diabetic patients in this study showed a typi-
cal HLA pattern, with the known increase in HLA-
DR3, DR4, DR3/DR4 and decrease in DR2. Indeed,
90% of them had either DR3 or DR4, which is similar to
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those reported in Danish [12] and British [6] studies. The
DR frequencies in the blood donors were similar to
those reported in other Caucasian populations [6, 13];
suggesting that the deviation in HLA antigens seen in
the diabetic patients were related to the disease itself.
The patients with Type2 diabetes showed a HLA pat-
tern which partially resembled that of Type1 diabetes
(increased frequencies of DR4 and DR3/DR4), partial-
ly that of the background population (no decrease in
the frequency of B7 and DR2). This intermediate posi-
tion of Type 2 diabetes in terms of HLA antigens can be
interpreted in two ways. Firstly, Type2 diabetes does
not differ from the background population with respect
to HLA antigens, and the increase in DR4 and
DR3/DR4 refiects admixture of patients with late onset
of Type 1 diabetes within the spectrum of Type 2 diabe-
tes. This is supported by the findings of similar frequen-
cies of B7 and DR2 in Type2 diabetic patients as in
blood donors, and the increase in the Type 1-related
HLA antigens thus reflects admixture. Secondly, Type 2
diabetes is a heterogeneous disease including several
subsets, one of them showing a HLA pattern similar to
that seen in Type 1 diabetes. The concept of heteroge-
neity is supported by the increased frequency of Cw4
and DRS in the Type 2 diabetic patients, the frequency
of DRS5 also being higher than in Type 1 diabetes. Inter-
estingly, patients with Cw4 and DR5 showed an in-
creased frequency of a first degree family history of
Type 2 diabetes, suggesting a strong genetic background
in Type 2 diabetic patients with these HLA antigens. To
further address the question of admixture or heteroge-
neity, we analysed B-cell function in the Type 2 diabetic
patients in relation to HLA antigens. In the case of ad-
mixture, we assumed that patients with Type 1-related
HLA antigens would show some degree of impaired B-
cell function. This was, in fact, what we observed; pat-
ients with B8, DR4 and especially B8/B15 and
DR3/DR4 showed decreased C-peptide response to
glucagon. Furthermore, the presence of DR3/DR4 pre-
dicted a progressive decrease in B-cell function over
time. On the other hand, patients with the “Type 2-relat-
ed” HLA antigen DRS5 presented with increased C-pep-
tide response to glucagon. Factors other than impaired
B-cell function must be involved in the pathogenesis of
diabetes in these patients.

In conclusion, our results indicate a relationship be-
tween B-cell function and HLA antigens in patients
with onset of non-ketotic diabetes after the age of
40 years. They also support the view that Type 2 diabe-
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tes is a heterogeneous disease. Admixture of patients
with latent Type 1 diabetes within the group of Type 2
diabetes could partially contribute to this heterogeneity.
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