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Tumour necrosis factor-beta polymorphism is unlikely to determine
susceptibility to Type 1 (insulin-dependent) diabetes mellitus
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Summary. Tumour necrosis factor gene polymorphism has
been proposed as a determinant of Type 1 (insulin-depen-
dent) diabetes mellitus. Tumour necrosis factor-beta gene
polymorphisms were -analysed in 40 North Indian Asian
Type 1 diabetic patients and 63 control subjects. A 5.5 kilo-
base gene fragment was significantly increased among the pa-
tients (82.5% vs 52%, p. <0.01). A 10.5 kilobase fragment
was significantly reduced among the patients (70% vs 90.5%,
p. <0.02). The 5.5 kilobase fragment was associated with
DR3, and was not significantly increased among DR3-posi-
tive patients compared with DR3-positive control subjects.
The 5.5 kilobase/5.5 kilobase genotype was increased among

the diabetic subjects (30% v89.5%, p. <0.03). The 10.5 kilo-
base/10.5 kilobase genotype was reduced among the diabe-
tic subjects (17.5% vs 47.5%, p.<0.02). The 3.5kilo-
base/10.5 kilobase genotype was not significantly associated
with disease. These findings contrast with those in a white
Caucasian population, suggesting that tumour necrosis fac-
tor-beta polymorphisms do not predispose to Typel
diabetes directly, but are in linkage disequilibrium with dis-
ease susceptibility alleles at other MHC loci.
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Inherited predisposition to Type 1 (insulin-dependent)
diabetes mellitus is partly encoded by genes within the
MHC [1, 2]. Infrequent recombination (linkage disequili-
brium) between MHC genes hinders precise mapping of
disease susceptibility. Although DR3- and DR4-associ-
ated DQ alleles are associated with Type 1 diabetes in
various populations, they occur on both predisposing and
non-predisposing haplotypes [3]. Such alleles may not in-
fluence Type 1 diabetes directly, but may be in linkage
disequilibrium with susceptibility alleles at other MHC
loci. Alternatively, DQ-encoded disease predisposition
may be altered by other susceptibility genes.

Tumour necrosis factors-alpha and -beta (TNF-o and
TNF-B) are MHC-encoded [4] and may determine sus-
ceptibility to Type 1 diabetes [5, 6]. Heterozygosity for a
TNF-B (detected by a TNF-0. cDNA probe, see methods)
restriction fragment length polymorphism (RFLP) was
positively associated with the disease in a white Caucasian
population [5]. The RFLP was caused by non-coding poly-
morphism [7], and its functional significance is unclear.
Type 1 diabetes may be associated with TNF-3 RFLPs be-
cause of linkage disequilibrium between the RFLPs and
disease-predisposing alleles at other loci.

Linkage disequilibrium between MHC alleles varies
between populations [8]. MHC alleles which predispose

to Type 1 diabetes should be associated with the disease in
all populations, in spite of differences in linkage disequili-
brium [3]. In North Indian Asians, Type 1 diabetes is asso-
ciated with DR3, and more weakly associated with DR4
[9]. A DR-typed North Indian population was examined
to determine whether associations between TNF-3
RFLPs and Type 1 diabetes were similar to those ob-
served in white Caucasian subjects.

Subjects and methods

Forty North Indian Asian (Punjabi) subjects with Type 1 diabetes
and 63 healthy, unrelated, racially-matched control subjects were
studied. Diabetic subjects were ketosis-prone, diagnosed at less than
30 years of age and continuously dependent on insulin from diag-
nosis. All subjects were second or third generation residents in the
UK and had been serologically DR-typed previously [9]. DNA
(7 ug) from each subject was digested with 10U Nco I (BRL) for 6h
at 37°C, separated in 0.7% agarose and blotted onto nylon filters
(Hybond-N, Amersham, Amersham, UK). Filters were hybridized
with radiolabelled TNF-o. cDNA under conditions described pre-
viously [9]. An Nco I restriction site occurs within the TNF-o gene,
and a variable Nco Isite occursin the first intron of the closely linked
TNF-B gene [7]. These sites allow the TNF-o. cDNA probe to detect
10.5 kilobase (kb) and 5.5 kb Nco I TNF-3 RFLPs.
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Table 1. TNF-$ RFLP frequencies in North Indian Type 1 (insulin-
dependent) diabetic patients and control subjects

TNF-f  Patients Controlsubjects RR De
RFLP (n=40) (n=63)

55kb  33(82.5) 33(52) 4.1(1.6-10.2)  <0.01
105kb  28(70)  57(90.5) 0.26(0.09-0.72) <0.02

Figures in parenthesis after the restriction fragment length poly-
morphism (RFLP) frequencies are percentages. RR is the relative
risk with the 95% confidence limits shown in parenthesis. p. is the p-
value corrected for the number of tests performed. kb = kilobase

Table 2. TNF-B RFLP frequencies in North Indian DR3-positive
Type 1 (insulin-dependent) diabetic patients and control subjects

TNF-B Patients Control subjects p
RFLP (n=31) (n=17)

55kb 29(93.5) 13 (76.4) NS
10.5 kb 19(61.2) 12 (70.1) NS

Figures in parenthesis are percentages. RFLP =restriction frag-
ment length polymorphism; kb = kilobase

Statistical analysis

Associations between Type 1 diabetes and TNF- RFLPs were anal-
ysed by the X? test. Correlation coefficients (r) for associations be-
tween DR types and TNF-f RFLPs were calculated from:
r=(X¥n)"*, where n =the number of subjects. Associations be-
tween TNF-§ RFLPs and Type 1 diabetes in DR3-positive subjects
were analysed by Fisher’s exact test.

Resulis

A 5.5kb RFLP and a 10.5 kb RFLP were detected. Their
frequencies are shown in Table 1. The 5.5 kb RFLP was
significantly increased among the diabetic subjects,
RR=4.1 (95% confidence limits =1.62-10.2), p. < 0.01.
The 10.5 kb RFLP was significantly reduced among the
diabetic subjects, RR = 0.26 (0.09-0.72), p. < 0.02.

The 5.5kb RFLP was significantly associated with
DR3 in both the control group, r = 0.3, p <0.025, and in
the diabetic group, r = 0.4, p <0.025. The 10.5 kb RFLP
was significantly associated with DR4 in the diabetic
group, ¥ = 0.4, p <0.025, but was not significantly associ-
ated with any DR type in the control group.

There was no significant difference in frequency of
cither the 5.5 kb RFLP or the 10.5 kb RFLP among DR3-
positive diabetic subjects compared with DR3-positive
contro] subjects (Table2). TNF-B genotypes were
grouped into one of the 5.5/5.5, 5.5/10.5 or 10.5/10.5
classes, according to the RFLPs. The genotypes are shown
in Table 3. The 5.5/5.5 class was significantly increased
among the diabetic subjects, p. <0.03. The 10.5/10.5 class
was significantly reduced among the diabetic subjects,
Dc <0.02. The 5.5/10.5 class did not occur significantly dif-
ferently in the diabetic and control subjects.

For comparison, DR genotype frequencies are shown
in Table 4. DR3/3 homozygotes were significantly in-
creased in the diabetic group, p. <1077, as were DR3/4
heterozygotes, p. <0.05. DRX/X subjects (where “X* is
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any non-DR3, non-DR4 haplotype) were significantly re-
duced in the diabetic group, p. < 10°.

Discussion

TNF-0. and TNF-f are cytokines which are implicated in
inflammatory responses [10]. In vitro studies have shown
that TNF-o increases pancreatic Beta-cell damage [11],
and TNF-« gene polymorphisms have been suggested as
determinants of predisposition to Type 1 diabetes [53, 6,
12].

This study demonstrated TNF-B RFLPs in North In-
dian subjects identical to those observed in white Cauca-
sian subjects [5,7]. The 5.5 kb RFLP was positively associ-
ated with Type 1 diabetes, and the 10.5 kb RFLP was
negatively associated. Although the 5.5 kb RFLP was also
increased in white Caucasian Type 1 diabetic subjects, the
10.5 kb RFLP was not reduced among the diabetic sub-
jects in that population [5].

In white Caucasians, the 5.5 kb TNF-8 RFLP occurs on
most B8-DR3 haplotypes, the 10.5 kb RFLP on most
Bwo62-DR4 haplotypes (5, 7]. This suggests that the 5.5 kb
RFLP is associated with Type 1 diabetes because of link-
age disequilibrium with DR3. Although neither serologi-
cal B-typing, nor typing of family members were per-
formed in this North Indian study, DR3 was associated
with the 5.5kb RFLP in both the diabetic and control
groups, indicating that the 5.5 kb RFLP occurs on most
North Indian DR3 haplotypes. The 5.5 kb RFLP did not
confer additional disease susceptibility to that conferred
by DR3.

Heterozygosity for the TNF-B RFLP was not signifi-
cantly associated with Type 1 diabetes, in contrast with the

Table 3. TNF-B genotype frequencies in North Indian Type 1 (in-
sulin-dependent) diabetic patients and control subjects

TNF-B Patients Control subjects De
genotype (n =40) (n =63)
55/ 55 12(30) 6(9.5) <0.03
5.5/10.5 21(52.5) 27 (43) NS
10.5/10.5 7(17.5) 30 (47.5) <0.02

Figures in parenthesis following genotype frequencies are percent-
ages. p. is the p value corrected for the number of TNF- genotypes
considered

Table 4. DR genotype frequencies in North Indian Type 1 (insulin-
dependent) diabetic patients and control subjects

DR Patients Control subjects De
genotype (n =40) (n=063)

33 15(37.5) 1(1.5) <10
3/4 8(20) 2(3) <0.05
X 9(22.5) 14 (22) NS
4/4 0(0) 0(0) NS
4x 3(7.5) 4(6.5) NS
X/X 5(12.5) 42.(66.5) <1073

“X” refers to any non-DR3, non-DR4 haplotype.

Figures in parenthesis following genotype frequencies are percent-
ages. p. is the p-value corrected for the number of DR genotypes
considered
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findings in white Caucasians [5]. It was suggested that
TNF-B RFLP heterozygosity might explain the high risk
of Type 1 diabetes associated with DR3/4 heterozygosity
[5]: The North Indian data suggest otherwise. TNF-§
RFLP heterozygosity was not significantly associated with
Type 1 diabetes in this race, in contrast with DR3/4 het-
erozygosity. In addition, the positive association between
5.5 kb homozygosity and Type 1 diabetes in North Indians
did not occur in white Caucasians. These differences sug-
gest that TNF-B genotypes are associated with Type 1
diabetes because of linkage disequilibrium between TNF-
B RFLPs and susceptibility alleles at other loci on DR3
and DR4 haplotypes.

These data do not support the TNF-3 gene as a deter-
minant of Type 1 diabetes. This is consistent with data
from Japanese subjects [13] and is not surprising since the
TNF-B RFLPs are determined by non-coding polymor-
phism of doubtful functional significance. Although other
variations within TNF-( (or the closely associated TNF-cr)
coding and/or regulatory sequences may be in linkage
disequilibrium with the RFLPs, they have not been de-
tected by several restriction enzymes (5, 7]. Unless either
the coding or regulatory regions of the TNF-o and TNF-f3
genes contain functionally important polymorphism,
these loci are unlikely to contribute to inherited suscepti-
bility to Type 1 diabetes.
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