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ABSTRACT

Aim Human leucocyte antigen-G (HLA-G) and tumour
necrosis factor-alpha (TNF-cx) are potent immune
mediators implicated in the pathogenesis of breast
cancer. The polymorphisms in the 3" untranslated region
(3'UTR) of HLA-G and promoter region of TNF-a are
well known to influence their expression levels and may
consequently contribute to varied disease predisposition.
Therefore, in the present study, we explored the effect of
HLA-G 3'UTR (14-bp Ins/Del and +3142 C/G) and TNF-a
promoter (—238 G/A and —308 G/A) polymorphisms on
breast cancer risk among South Indian women.
Methods A total of 342 women (100 patients

with breast cancer, 142 patients with benign breast
disorder and 100 healthy women volunteers) were
enrolled for this study. Genotyping of HLA-G and TNF-a
polymorphisms were performed by direct PCR DNA
amplification and amplification refractory mutation
system PCR methods, respectively.

Results Significantly higher frequencies of HLA-G
14-bp Ins allele and Ins/+3142G haplotype were
observed in patients with breast cancer than healthy
controls (OR=1.56, P =0.036) and patients with

benign breast disorder (OR=1.47, P =0.046). Similarly,
subgroup analysis based on age at diagnosis (age<50
years and >50 years) of breast cancer revealed higher
frequencies of 14-bp Ins allele and Ins/+3142G
haplotype in the patients of age >50 years than

healthy controls (OR=1.77, P =0.03). Additionally, the
extended haplotypes and multifactor dimensionality
reduction analysis of the studied polymorphisms
revealed significant contribution of HLA-G 14-bp Ins/Del
polymorphism towards breast cancer risk.

Conclusion The findings of the present study suggest
that the HLA-G 14-bp Ins/Del polymorphism could
influence breast cancer pathogenesis among South
Indian women.

INTRODUCTION

Breast cancer is the most commonly diagnosed
cancer among women across the globe with an
alarmingly high mortality rate. Approximately,
1.67 million new cases of breast cancer were diag-
nosed in the year 2012, accounting for 25% of all
cancers.! The aetiology of breast cancer is highly
complex where multiple factors such as age,
heredity, hormones and environment modulate the
risk.> Although benign breast disorders commonly
include all non-malignant breast tumours, some
might possess significant premalignant potential.’

Accumulating evidence indicates that the immune
system displays both host-protective and tumour-
promoting roles in cancer.* Evidently, immuno-
suppressive’ and inflammatory® mediators have
shown significant contribution towards breast
cancer pathogenesis and progression.

Human leucocyte antigen-G (HLA-G) is a potent
immunosuppressive and immunomodulatory non-
classical HLA-class Ib protein encoded by the
HLA-G located at chromosome 6p21 within the
Class I MHC gene cluster.” ® Under normal phys-
iological conditions, HLA-G is expressed only in
certain fetal cells, adult immune privileged sites and
precursor cells of erythroid and endothelial lineages,
whereas induced expression has been reported in
cancers, viral infections, transplantation, autoim-
munity and inflammatory diseases.” Earlier studies
have also documented high levels of HLA-G expres-
sion in breast cancer.'’ "' HLA-G is characterised
by limited polymorphism and the magnitude of its
expression depends on functional polymorphisms in
the 3' untranslated region (3'UTR) and 5' upstream
regulatory region.'* Previous studies have reported
that Ins allele of 14-bp Ins/Del polymorphism
(rs66554220) and G allele of +3142C/G poly-
morphism (rs1063320) in the 3'UTR of HLA-G are
associated with low levels of HLA-G expression.™ *
Mounting evidence suggests the role of these poly-
morphisms in predisposition to various cancers."
However, the reports on breast cancer are limited.

Tumour necrosis factor-alpha (TNF-a), a vital
proinflammatory cytokine, has been implicated in
inflammatory pathways that promote tumorogen-
esis.'® The gene encoding TNF-o is located within
the MHC locus at chromosome 6p21 and contains
several single nucleotide polymorphisms (SNPs). In
the promoter region of TNF-a, the polymorphisms
with G to A transition at —238 (7s361525) and -308
(rs1800629) positions are well known to influ-
ence its expression.'” '® Consequently, studies have
reported the role of these TNF-o polymorphisms in
various diseases, including breast cancer.”

Thus far, there are no studies reporting the asso-
ciation of HLA-G 14-bp Ins/Del and +3142C/G
polymorphisms with breast cancer risk among
Indian populations while the reports on TNF-a
-238 G/A and —-308 G/A polymorphisms are scarce
and inconsistent. Hence the present study focused
to unveil the influence of these HLA-G and TNF-a
polymorphisms on breast cancer risk among South
Indian women.
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METHODOLOGY

Study subjects

The present case-control study is comprised of 100 patients
with breast cancer and 142 patients with benign breast disorder,
recruited from the Government Theni Medical College &
Hospital (GTMCH). Further, 100 unrelated healthy women
volunteers with no individual or familial history of breast
malignancies were included in the control group. The work
was approved by the ethics committees of Madurai Kamaraj
University (MKU) and GTMCH. Blood samples (~3.5mL)
were collected from all the individuals after obtaining written
informed consent.

DNA extraction and genotyping

DNA was extracted from the blood by salting out method,*’
which involves the dehydration and precipitation of the cellular
proteins by using a saturated salt solution. Genotyping of HLA-G
14-bp Ins/Del and +3142C/G polymorphisms was performed
by direct PCR DNA amplification method, using specific primers
and cycling conditions as described previously.?! TNF-a —238
G/A and -308 G/A polymorphisms were genotyped by amplifica-
tion refractory mutation system PCR method.** In this method,
four different primers binding to the gene of interest were used
to detect the presence or absence of normal and polymorphic
alleles simultaneously in the same reaction.

Statistical analyses

Genotype data were analysed by Pearsons ° test with Yates
correction using Epi Info V.7 software (Centers for Disease
control and prevention—http://www.cdc.gov/epiinfo). ORs at
95% CI were computed to assess the effect of each genotype,
allele and haplotype of HLA-G and TNF-o polymorphisms on
breast cancer risk. Hardy-Weinberg equilibrium (HWE), haplo-
type distribution and linkage disequilibrium (LD) between the
SNPs were determined using Haploview V.4 software.”? P<0.05
after correction was considered statistically significant. Further,
the SNP-SNP interaction between HLA-G and TNF-a polymor-
phisms was predicted using multifactor dimensionality reduction
(MDR) V.3 software.**

RESULTS

Genotype and allele frequencies of #.A4-G and 7NVF-a
polymorphisms

The genotype and allele frequencies of HLA-G 14-bp Ins/Del
and +3142C/G; TNF-a -238 G/A and -308 G/A polymor-
phisms were consistent with HWE in healthy controls, patients
with benign breast disorder and patients with breast cancer
(p>0.05) except for HLA-G +3142C/G polymorphism in
patients with benign breast disorder (p=0.04). The frequency of
HLA-G 14-bp Ins allele was significantly higher among patients
with breast cancer than healthy controls (OR (95%CIl)=1.56
(1.05 to 2.31), P.=0.036) and patients with benign breast
disorder (OR (95%CI)=1.47 (1.02 to 2.12), P =0.046), while
the Del allele frequency was significantly higher among healthy
controls (OR (95%CI)=0.64 (0.43 to 0.95), P.=0.036) and
patients with benign breast disorder (OR (95% CI)=0.68 (0.47
t0 0.98), P_=0.046) than patients with breast cancer. There were
no significant differences in the frequencies of genotypes and
alleles of HLA-G +3142 C/G, TNF-a -238 G/A and -308 G/A
polymorphisms between the study groups. Nevertheless, the
frequency of TNF-a —308A allele was found to be higher among
patients with benign breast disorder (p<0.05, P =0.06) than
healthy controls (table 1).

HLA-G haplotypes and their LD

Pairwise nucleotide analysis of HLA-G polymorphisms gener-
ated three 14-bp/+3142 haplotypes namely Ins/+3142G,
Del/4+3142C, Del/4+3142G. Frequency distribution of HLA-G
haplotypes revealed significantly high frequency of Ins/+3142G
haplotype among patients with breast cancer when compared with
healthy controls (OR (95% CI)=1.56 (1.05 to 2.31), P.=0.036)
and patients with benign breast disorder (OR (95% CI)=1.47
(1.02 to 2.12), P =0.046) (table 2). The haplotype block analysis
revealed a strong LD between the two HLA-G polymorphisms
among patients with breast cancer (D'=1.0, logarithm of the
odds (LOD)=14.87, r*=0.423), patients with benign breast
disorder (D'=1.0, LOD=19.15, r*=0.352) and healthy controls
(D'=1.0, LOD=11.28, r*=0.323).

TWF-a haplotypes and their LD

Pairwise nucleotide analysis of TNF-a polymorphisms
generated three TNF-o -238/-308 haplotypes namely
-238 G/-308G, —-238A/-308G and -238 G/-308A. Signifi-
cant differences were not observed in the frequency distri-
bution of TNF-a haplotypes between patients with breast
cancer, patients with benign breast disorder and healthy
controls (table 2). Haplotype block analysis of the TNF-a
polymorphisms suggested a weak LD in patients with
breast cancer (D'=1.0, LOD=0.22, r*=0.006) and healthy
controls (D'=1.0, LOD=0.18, r*=0.002) and lack of LD in
patients with benign breast disorder (D'=0.56, LOD=0.07,
r*=0.003).

Extended haplotypes of #LA-G & TNF-a

The haplotype analysis of HLA-G and TNF-a polymorphisms
revealed the frequencies of various extended haplotypes.
The extended haplotypes with considerable differences in
their frequencies between the study groups are presented in
table 2. The frequencies of Del/~308G (OR (95% CI)=0.59
(0.39 to 0.88), P.=0.012), Del/-238G (OR (95% CI)=0.63
(0.42 to 0.93), P_=0.028), Del/-238G/-308G (OR
(95% CI)=0.58 (0.39 to 0.86), P =0.0093) extended haplo-
types were significantly higher among healthy controls when
compared with patients with breast cancer, whereas the
frequency of Ins/+3142G/-308G (OR (95% CI)=1.48 (1.03
to 2.13), P.=0.043) extended haplotype was significantly
higher among patients with breast cancer than patients with
benign breast disorder. Additionally, the frequencies of Ins/—
308G and Ins/+3142G/-238G extended haplotypes were
higher among patients with breast cancer when compared
with healthy controls (p<0.05). However, the haplotype
block analysis did not show the presence of LD between
HLA-G and TNF-a polymorphisms in the study population
(figure 1).

Subgroup analysis

The average (mean=SD) age at diagnosis of breast cancer in
the study cohort was found to be 50.5+10.9 years. Subgroup
analysis based on the age at diagnosis (age <50 years and
>50 years) of breast cancer revealed significantly higher
frequencies of HLA-G 14-bp Ins allele (OR (95% CI)=1.56
(1.05 to 2.31), P_=0.036) and Ins/+3142G haplotype (OR
(95% CI)=1.77 (1.08 to 2.88), P_.=0.03) among the patients
with age >50 years when compared with healthy controls,
whereas the prevalence of Del allele (OR (95% CI)=0.57
(0.35 to 0.92), P =0.03) was significantly higher among
healthy controls. Additionally, the frequencies of Del/-238G

Kadiam S, et al. J Clin Pathol 2020;73:456-462. doi:10.1136/jclinpath-2019-205772

457

1ybuAdoo Aq paraalold "Arelqi] saaualds yiesH
(ETTYOrEZT 1S9O) Ausianiun JaiseN oA ¥e 020z ‘0z 1snbny uo /wod fwq-dal/:dny wouy papeojumoq "6T0Z 412quwiddad € Uo 2//502Z-6T0z-yredul|dl/9eTT 0T Se paysiignd 1s1y :joyred uljd ¢


http://www.cdc.gov/epiinfo
http://jcp.bmj.com/

Original research

Table 1 Frequency distribution of HLA-G and TNF-a genotypes and alleles in healthy controls, patients with breast cancer and patients with benign
breast disorder
HC (n=100) BC (n=100) BBD (n=142) HC versus BC HC versus BBD BBD versus BC
n (%) n (%) n (%) OR (95%Cl) P OR (95%CI) P OR (95%Cl) P
HLA-G 14-bp
Ins/Ins 19(19) 31(31) 29 (20) 1.92(0.99t03.68)  0.072 1.09(0.57 t0 2.08)  0.913 1.75(0.97 t0 3.15)  0.085
Ins/Del 48 (48) 46 (46) 68 (48) 0.92 (0.53to 1.61)  0.887 1.0 (0.59 to 1.66) 0.910 0.92 (0.55t0 1.54)  0.874
Del/Del 33(33) 23(23) 45 (32) 0.61(0.32t01.13)  0.156 0.94(0.54t0 1.63)  0.940 0.64 (0.36t0 1.15) ~ 0.182
Ins 86 (43) 108 (54) 126 (44) 1.56 (1.05t02.31)  0.036 1.06 (0.73t0 1.52)  0.837 1.47(1.02t02.12)  0.046
Del 114 (57) 92 (46) 158 (56) 0.64 (0.43t00.95)  0.036 0.95(0.66 to 1.36)  0.837 0.68 (0.47t00.98)  0.046
HLA-G +3142
CC 10 (10) 7(7) 19 (13) 0.68(0.25t01.86)  0.612 1.39(0.62t03.13)  0.551 0.49(0.19t0 1.21)  0.171
GC 40 (40) 39 (39) 49 (35) 0.96 (0.54t0 1.69)  1.000 0.79 (0.46 to 1.34)  0.461 1.21(0.71 t0 2.06)  0.562
GG 50 (50) 54 (54) 74 (52) 1.17(0.67 t0 2.05)  0.671 1.09 (0.65t0 1.82)  0.847 1.08 (0.65t0 1.80)  0.874
C 60 (30) 53 (27) 87 (31) 0.84(0.54t0 1.30)  0.505 1.03(0.69t0 1.53)  0.961 0.82 (0.55t01.22)  0.376
G 140 (70) 147 (73) 197 (69) 1.19(0.77t0 1.84)  0.505 0.97 (0.65to 1.44)  0.961 1.23(0.82t01.83)  0.376
TNF-a.-238
GG 85 (85) 82 (82) 115 (81) 0.8 (0.38 t0 1.70) 0.703 0.75(0.38t0 1.50) ~ 0.522 1.07 (0.55t02.07)  0.975
GA 14 (14) 16 (16) 25 (18) 1.17 (0.54 t0 2.55)  0.843 1.31(0.64t02.67)  0.566 0.89(0.45t01.77)  0.878
AA 1(1) 2(2) 2(1) 2.02 (0.2t022.65  1.000 1.41(0.1t0 15.81)  0.759 1.43(0.2t010.32)  0.876
G 184 (92) 180 (90) 255 (90) 0.78 (0.39t0 1.56)  0.600 0.76 (0.40 to 1.45)  0.505 1.02 (0.56 t0 1.87)  0.938
A 16 (8) 20 (10) 29 (10) 1.28(0.64 t0 2.54)  0.600 1.31(0.69t0 2.48)  0.505 0.98(0.54t01.78)  0.938
TNF-a.—308
GG 95 (95) 90 (90) 125 (88) 0.47 (0.16 to 1.44)  0.283 0.39(0.14t0 1.09)  0.103 1.22(0.54t02.79)  0.785
GA 5(5) 9(9) 15 (11) 1.88(0.61t05.82)  0.406 2.24(0.79t06.39)  0.190 0.84(0.35t01.99)  0.856
AA 0(0) 1(1) 2(1) - - - - 0.71 (0.06 t0 7.91)  0.759
G 195 (97) 189 (95) 265 (93) 0.44(0.15t0 1.29)  0.202 0.36 (0.13t0 0.97)  0.060* 1.23(0.57 t0 2.65)  0.731
A 5(3) 11 (5) 19(7) 2.27(0.77t06.66)  0.202 2.80(1.03t07.62)  0.060* 0.81(0.38t01.75)  0.731

All the significant P_values are given in boldface.
*Uncorrected p<0.05.
BBD, patients with benign breast disorder; BC, patients with breast cancer; Del, deletion allele; HC, healthy controls; Ins, insertion allele; P, Yates’ corrected p value.

(OR (95%CI)=0.54 (0.33 to 0.88), P .=0.014), Del/-
308G (OR (95%CI)=0.51 (0.31 to 0.83), P.=0.0067),
(OR (95%CI)=0.48 (0.29 to 0.80),
P.=0.0039) extended haplotypes were significantly higher

Del/-238G/-308G

among healthy controls while the frequencies of Ins/Ins
genotype, Ins/-238G, Ins/-308G and Ins/+3142G/-308G
extended haplotypes were higher among patients of age >50
years (p<0.05). On the other hand, there were no significant

Table 2  Frequency distribution of HLA-G and TNF-a haplotypes in healthy controls and patients with breast cancer

HC (n=100) BC (n=100) BBD (n=142) HC versus BC HC versus BBD BBD versus BC
n (%) n (%) n (%) OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P
HLA-G haplotype
Ins/+3142G 86 (43) 108 (54) 126 (44) 1.56 (1.05t0 2.31) 0.036 1.06 (0.73t0 1.52)  0.837 1.47(1.02t0 2.12)  0.046
Del/+3142C 60 (30) 53 (26) 87 (31) 0.84 (0.54t0 1.30)  0.505 1.03 (0.70to 1.53)  0.961 0.82 (0.54t01.22) 0.376
Del/+3142G 54 (27) 39 (20) 71 (25) 0.65 (0.41 to 1.05)  0.098 0.9(0.60t0 1.36)  0.697 0.73(0.47t01.13) 0.189
TNF-o. haplotype
—238G/-308G 179 (90) 169 (85) 237 (83) 0.64(0.35t0 1.16)  0.181 0.59(0.34t0 1.02) 0.080 1.08 (0.66t0 1.77) 0.854
—238A/-308G 16 (8) 20 (10) 28 (10) 1.28 (0.64 to 2.54)  0.600 1.26 (0.66 t0 2.39)  0.589 1.02 (0.55t0 1.86) 0.918
—238G/-308A 5(2) 11 (5) 18 (6) 2.27(0.77 t0 6.66)  0.202 2.64(0.961t07.23) 0.082 0.86 (0.39t0 1.86) 0.851
Extended haplotype
Ins/+3142G/-238G 72 (36) 92 (46) 108 (38) 1.51(1.01t0 2.26) 0.053* 1.09 (0.75t0 1.59) 0.719 1.38(0.96 t0 2.00)  0.097
Ins/+3142G/-308G 84 (42) 104 (52) 120 (42) 15(1.01t02.22)  0.057* 1.01 (0.70 to 1.46)  0.969 1.48 (1.03t0 2.13)  0.043
Ins/-308G 84 (42) 104 (52) 120 (42) 15(1.01t02.22)  0.057* 1.01 (0.70to 1.46)  0.969 1.48 (1.03t02.13) 0.043
Del/-238G/-308G 109 (55) 82 (41) 137 (48) 0.58 (0.39 t0 0.86)  0.009 0.78 (0.54t0 1.12)  0.206 0.75(0.52t0 1.07)  0.138
Del/-238G 112 (56) 89 (44) 149 (52) 0.63(0.421t00.93) 0.028 0.87 (0.60 to 1.25)  0.499 0.73(0.50 to 1.05)  0.102
Del/-308G 111 (55) 85 (43) 145 (51) 0.59 (0.39t0 0.88) 0.012 0.84 (0.58 t0 1.20) 0.383 0.71 (0.49t0 1.02) 0.078

Al the significant P_values are given in boldface.
*Uncorrected p<0.05.
BBD, patients with benign breast disorder; BC, patients with breast cancer; Del, deletion allele; HC, healthy controls; Ins, insertion allele; P, Yates corrected p value.
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Figure 1

B

LD and haplotype blocks of HLA-G and TNF-a polymorphisms among (A) patients with breast cancer, (B) patients with benign breast

disorder and (C) healthy controls. Each block indicates LD between the two consecutive polymorphisms. Block 1 represents the pairwise LD between
HLA-G rs66554220 and rs1063320 and Block 2 between TNF—a rs361525 and rs1800629 polymorphisms. The standard (D'/LOD) LD scheme was
selected in Haploview software and values inside each square denotes D'x100. LD, linkage disequilibrium.

differences in the frequency distribution of genotypes,
alleles and haplotypes of HLA-G polymorphisms between
the patients of age <50 years and healthy controls. Further-
more, the frequencies of genotypes, alleles and haplotypes
of TNF-a polymorphisms did not vary significantly between
the patient subgroups and healthy controls (tables 3 and 4).

SNP-SNP interaction analysis
In this study, the SNP-SNP interaction analysis performed
using MDR has predicted four different models of breast

cancer risk (table 5). Among them, the four-factor
(rs66554220, rs1063320, rs361525, rs1800629) model was
considered as the best interaction model with highest cross-
validation count of 10/10 (100%) and maximum testing
balanced accuracy of 0.625. In addition, the rs66554220
factor was the only single-factor model and is consistent
among two, three and four-factor models of breast cancer
risk. The interaction entropy graph revealed moderate syner-
gistic effect of HLA-G +3142 C/G and TNF-a -238 G/A by
removing an entropy of 0.29% (figure 2).

Table 3 Age-based subgroup analysis of HLA-G and TNF-o genotypes and alleles among patients with breast cancer

HC (n=100) HC versus BC age <50 years (n=51) HC versus BC age >50 years (n=49)
n (%) n (%) OR (95%Cl) P, n (%) OR (95%Cl) P.
HLA-G 14-bp
Ins/Ins 19(19) 14.(27) 1.61 (0.73 to0 3.56) 0.327 17 (35) 2.26 (1.05 to 4.90) 0.058*
Ins/Del 438 (48) 24 (47) 0.96 (0.49 to 1.89) 0.950 22 (45) 0.88 (0.44 to 1.75) 0.856
Del/Del 33(33) 13 (25) 0.69 (0.33 to 1.48) 0.446 10 (20) 0.52 (0.23t0 1.17) 0.161
Ins 86 (43) 52 (51) 1.38 (0.85 t0 2.22) 0.232 56 (57) 1.77 (1.08 to 2.88) 0.030
Del 114 (57) 50 (49) 0.73 (0.45t0 1.17) 0.232 42 (43) 0.57 (0.35 t0 0.92) 0.030
HLA-G +3142
CcC 10 (10) 4(8) 0.77 (0.23 to 2.57) 0.892 3(6) 0.59 (0.15 to 2.24) 0.632
GC 40 (40) 22 (43) 1.14 (0.57 to 2.25) 0.845 17 (35) 0.8(0.39t0 1.62) 0.655
GG 50 (50) 25 (49) 0.96 (0.49 to 1.88) 0.954 29 (59) 1.45 (0.73 t0 2.89) 0.379
C 60 (30) 30 (29) 0.97 (0.58 to 1.64) 0.978 23(23) 0.72 (0.41 to 1.25) 0.297
G 140 (70) 72 (71) 1.03 (0.61t0 1.73) 0.978 75 (77) 1.4 (0.80 to 2.44) 0.297
TNF-0.—238
GG 85 (85) 43 (84) 0.95 (0.37 to 2.41) 0.898 39 (80) 0.69 (0.28 to 1.67) 0.551
GA 14 (14) 7(14) 0.98 (0.37 to 2.60) 0.839 9(18) 1.38 (0.55 to 3.46) 0.651
AA 1(1) 1(Q2) 1.98 (0.1 t0 32.32) 0.792 1(2) 2.06 (1.3 t0 33.69) 0.811
G 184 (92) 93 (91) 0.9 (0.38t0 2.11) 0.980 87 (89) 0.69 (0.31 to 1.54) 0.486
A 16 (8) 9(9) 1.11 (0.47 t0 2.61) 0.980 11(11) 1.45 (0.65 t0 3.27) 0.486
TNF-0. 308
GG 95 (95) 47 (92) 0.62 (0.16 to 2.41) 0.738 43 (88) 0.38(0.11 to 1.30) 0.209
GA 5 (5) 4(8) 1.62 (0.41 to 6.30) 0.738 5(10) 2.16 (0.59 to 7.84) 0.399
AA 0(0) 0(0) - - 1(2) - -
G 195 (97) 98 (96) 0.63 (0.16 to 2.39) 0.742 91 (93) 0.33(0.10 to 1.08) 0.109
A 5(3) 4(4) 1.59 (0.42 to 6.06) 0.742 7(7) 3.0(0.93t09.71) 0.109
Al the significant P_values are given in boldface.
*Uncorrected p<0.05.
BC, patients with breast cancer; Del, deletion; HC, healthy controls; Ins, insertion; P, Yates' corrected p value.
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Table 4 Age-based subgroup analysis of HLA-G and TNF-a haplotypes among patients with breast cancer

HC (n=100) HC versus BC age <50 years (n=51) HC versus BC age >50 years (n=49)
n (%) n (%) OR (95%Cl) P, n (%) OR (95%Cl) P,
HLA-G haplotypes
Ins/+3142G 86 (43) 52 (51) 1.38(0.85 10 2.22) 0.232 56 (57) 1.77 (1.08 to 2.88) 0.030
Del/+3142C 60 (30) 30 (29) 0.97 (0.58 to 1.64) 0.978 23 (24) 0.72 (0.41 t0 1.25) 0.297
Del/+3142G 54 (27) 20 (20) 0.66 (0.37 0 1.18) 0.204 19(19) 0.65(0.36 t0 1.17) 0.196
TNF-a. haplotypes
-238G/-308G 179 (90) 89 (87) 0.8 (0.38t0 1.68) 0.696 80 (82) 0.52 (0.26 t0 1.03) 0.087
—238A/-308G 16 (8) 9(9) 1.11 (0.47 to 2.61) 0.980 11(11) 1.45 (0.65 to 3.27) 0.486
—-238G/-308A 5(2) 4(4) 1.59 (0.42 to 6.06) 0.742 7(7) 3(0.93t09.71) 0.109
Extended haplotypes
Ins/+3142G/-308G 84 (42) 51 (50) 1.38(0.85 10 2.23) 0.230 53 (54) 1.63 (0.99 to 2.65) 0.065*
Ins/—238G 72 (36) 45 (44) 1.4 (0.86 t0 2.28) 0.213 47 (48) 1.64 (1.00 to 2.67) 0.064*
Ins/~308G 84 (42) 51 (50) 1.38(0.85102.23) 0.230 53 (54) 1.63 (0.99 to 2.65) 0.065*
Del/-238G/-308G 109 (55) 46 (45) 0.69 (0.42 to 1.11) 0.154 36 (37) 0.48 (0.29 t0 0.79) 0.006
Del/-238G 112 (56) 48 (47) 0.69 (0.43 t0 1.13) 0.177 40 (41) 0.54 (0.33 t0 0.88) 0.019
Del/-308G 111 (55) 47 (46) 0.68 (0.42 t0 1.11) 0.153 38 (39) 0.51(0.31 t0 0.83) 0.009

All the significant P_values are given in boldface.
*Uncorrected p<0.05.

BC, patients with breast cancer; Del, deletion; HC, healthy controls; Ins, insertion; P, Yates' corrected p value.

DISCUSSION

Despite the advances in screening, diagnosis and treatment, the
incidence and mortality rates of breast cancer are alarmingly
high.! The latter might be due to delayed clinical presentation
of the disease at extremely advanced stages,” which is diffi-
cult to treat to cure. There is accumulating evidence on various
immune molecules as potential targets for therapeutic interven-
tions.”® HLA-G, a potent immunosuppressive molecule, is highly
expressed in breast tumours and might be an effective biomarker
for breast cancer.”’” In the present study, the genetic contribution
of HLA-G and TNF-o. towards breast cancer predisposition was
evaluated.

The study suggests that HLA-G 3'UTR 14-bp Ins allele and
Ins/+3142G haplotype are associated with increased breast
cancer risk in the South Indian population. While Jeong et al
reported that HLA-G 14-bp Ins allele is associated with reduced
risk of breast cancer on the basis of tissue HLA-G expression.'! A
study on South-East Iranian population reported high prevalence
of Del allele and Del/Del genotype among patients with breast
cancer.”® Contrastingly, in the present study, the Del allele prev-
alence is significantly high in healthy controls. The meta-analysis
study on cancer risk reported significant association of 14-bp Ins/
Del polymorphism with breast cancer.”” In the Tunisian popula-
tion,” there is no association of 14-bp Ins/Del polymorphism
with breast cancer. Though the 14-bp Ins/Del polymorphism is
not associated with breast cancer predisposition in Brazilian®'

Table 5 Summary of HLA-G and TNF-o. SNP-SNP interactions in
breast cancer

Model TBA cve P value*
1566554220 0.56 10/10 0.05
1566554220, rs1800629 0.58 710  0.0144
166554220, rs1063320, rs361525 0.605 10/10 0.003
1s66554220, 51063320, rs361525, rs1800629 0.625 1010  0.0004

The P value for the model with highest TBA and CVC is given in boldface.

% p value.

CVC, cross-validation consistency; SNP, single nucleotide polymorphism; TBA, testing
balanced accuracy.

and Iranian-Azeri*? populations, it has been shown to contribute
to shorter survival time and disease progression, respectively. In
this study, the HLA-G +3142 C/G polymorphism is not associ-
ated with breast cancer development in the South Indian popu-
lation. Yet, another study within the South Indian population has
reported the association of HLA-G +3142 C/C genotype with
risk of inflammatory rheumatic heart disease,® while in Tuni-
sian population, +3142 G allele and GG genotype have shown
protection to breast cancer.’” Earlier studies have demonstrated

~0.29%

Figure 2 Interaction entropy graph to identify the SNP-SNP
interaction of HLA-G and TNF-o. by MDR analysis. The graph represents
the percentage of entropy for independent factors (represented inside
each box) and their interactions (represented on the line). The positive
percentage of entropy denotes synergistic interaction while the negative
percentage denotes redundancy. Here, a moderate degree of synergistic
interaction exists between rs361525 and rs1063320 while all other
interactions indicate moderate or highest degrees of redundancy.

MDR, multifactor dimensionality reduction; SNP, single nucleotide
polymorphism.
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potential differences in sSHLA-G and tissue HLA-G expression
between breast cancer and benign breast disorder conditions.>**
In the present study, significant differences in the prevalence of
alleles and haplotypes of HLA-G 14-bp Ins/Del polymorphism
among patients with breast cancer and patients with benign
breast disorder are reported. Additionally, the study also suggests
the role of HLA-G 14-bp Ins/Del polymorphism in the delayed
breast cancer onset by conferring increased risk to women over
50 years of age than the younger group. Nevertheless, similar
investigation with an increased sample size is imperative to
substantiate the findings.

In the present study, TNF-a —238 G/A and -308 G/A polymor-
phisms did not show a significant association with breast cancer
risk. The current study is in concordance with the earlier reports
on TNF-0.-238 G/A polymorphism and breast cancer suggesting
no significant association in North European®® and Northeast
Chinese Han®” populations. Similarly, TNF-a =308 G/A poly-
morphism did not show association with breast cancer in North
European,®® Northeast Chinese Han,”” Korean,*® Italian,*® *
Iranian,*! Turkish,** USA and Polish* populations. Contrast-
ingly, TNF-o. =308 G/A polymorphism has been significantly
associated with breast cancer in Tunisian**** and North Indian*®
populations. In addition, Pooja et al have reported positive asso-
ciation of TNF-a —238 G/A and -308 G/A polymorphisms with
breast cancer in the South Indian population.*” However, the
lack of association of TNF-a polymorphisms with breast cancer
in the present study might be attributed to the low prevalence of
TNF-a. —238A and -308A alleles, which is commonly observed
among Indians and other Asian populations.* The present
study is also in line with the findings of Fang et al suggesting the
absence of association between TNF-a —308 G/A polymorphism
and breast cancer in Asian ethnicity.*

The variations in the association patterns of HLA-G and
TNF-o polymorphisms with breast cancer between the studies
might be due to geographical differences and clinical hetero-
geneity of breast cancer. Additional polymorphisms within the
HLA region (predominantly those in the HLA-G or TNF-a) in
strong LD with the studied polymorphisms might influence the
association,’’™?

There is accumulating evidence suggesting the significance of
HLA-G mediated TNF-0, regulation.’>* Furthermore, earlier
findings on association of TNF-a polymorphisms with various
class I and II HLA alleles®® impelled us to assess the effect of
extended haplotypes and SNP-SNP interaction of TNF-a and
HLA-G in breast cancer. The study revealed significant impact of
extended haplotypes on breast cancer risk; despite the absence of
haplotype block between HLA-G and TNF-a polymorphisms. It
is believed that when disease-related SNPs are outside haplotype
blocks, SNP-SNP interactions can provide better information.®’
The SNP-SNP interaction analysis substantiate the present find-
ings by suggesting a moderate synergistic interaction between

Take home messages

» HLA-G 14-bp Ins allele and Ins/+3142G haplotype are
associated with increased breast cancer risk in South Indian
population.

» A moderate synergistic interaction is observed between
HLA-G +3142 C/G and TNF-a. —238 G/A polymorphisms.

» HLA-G 14-bp Ins/Del polymorphism could be a single factor
influencing breast cancer risk as predicted by multifactor
dimensionality reduction analysis.

HLA-G +3142C/G and TNF-a -238 G/A polymorphisms and
HLA-G 14-bp Ins/Del polymorphism as a single factor model
influencing breast cancer risk.

CONCLUSION

The findings of the present study suggest that HLA-G 3'UTR
14-bp Ins/Del polymorphism could influence breast cancer
pathogenesis in the South Indian population. Further prospec-
tive functional studies are warranted to substantiate the contri-
bution of HLA-G and TNF-o in breast cancer.
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