Review Article

Role of HER-2 lle655Val Polymorphism as Universal Cancer
Susceptibility Marker among Different Cancers
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Abstract

Background: Genetic and expression anomaly of HER-2 have been frequently observed in different cancers. However, an overall as-
sociation of HER-2 polymorphism (lle655Val) with available cancer studies has not yet been explored. In the present study, a probable
correlation of HER-2 lle655Val polymorphism with 6 major types of cancers including breast, lung, gastric, ovarian, thyroid and uterine has
been collectively assessed.

Methodology: Extensive data mining was performed using online available medical research databanks including Pubmed, Ovid, Med-
line and Embase. Research articles were retrieved based on common keywords “HER-2, polymorphism, (SNP) and cancer (including
breast, gastric, lung, ovarian, thyroid and uterine). A database was maintained and updated for case control studies of HER-2 genotype
lle655Val (rs1136201) information until February 2015. Based on selection criteria, a total of 41 studies containing 37,111 subjects (17845
patients, 19266 controls) were selected for thorough insight about HER-2.

Results: A significant risk association of HER-2 lle655Val polymorphism was observed in different types of cancer using various genetic
models (co-dominant heterogeneous lle/Val vs. lle/lle; OR=1.1, 95% Cl = 1.01-1.16, P = 0.01 and dominant; OR = 1.12, 95% CI = 1.03—
1.20, P = 0.0003). Interestingly, a strong correlation of lle655Val heterogeneity was seen in the stratified subgroup of different population
including African-American (co-dominant homogenous Val/Val vs. lle/lle; OR = 8.7, 95% Cl = 2.5-30.4, P = 0.0001, dominant; OR = 1.3,
95% Cl =1.03-1.7, P = 0.003; recessive; OR = 8.3, 95% Cl = 2.4-28, P = 0.0002), Caucasians (co-dominant heterogeneous lle/Val vs lle/
lle; OR =1.1,95% Cl = 1.0 — 1.2, P = 0.03, dominant; OR = 1.12, 95% CI = 1.0-1.2, P = 0.01). However, in Asian ethnic group, lle655Val
polymorphism lacked a significant association with cancer. This may be attributed to limited studies explored so far.

Conclusion: In summary, the current study reveals a significant association between cancer susceptibility and the HER-2 lle655Val

polymorphism in all genetic models.
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Introduction

ancer is a leading cause of death worldwide alongside

heart diseases. In 2012, approximately 14 million new

cancer cases and 8.2 million cancer deaths have been re-
ported across the globe.! Both genetic and non-genetic factors sig-
nificantly contribute to cancer initiation, promotion and progres-
sion. Interestingly, involvement of oncogenes in initiation and
progression of various cancers is well established.

HER-2 is a proto-oncogene located at chromosomal position
17qg21. It retains an extracellular ligand binding domain, a trans-
membrane domain and an intracellular tyrosine kinase domain.?
HER-2 overexpression is observed in 30% of invasive breast
cancers,’ along with several other cancers namely lung,* ovarian,’
thyroid,® gastric,” and uterine cancers.® Trastuzumab (Herceptin),
humanized monoclonal antibody was the first drug designed to re-
strict HER-2 activation. At present, molecular mechanistic details
of trastuzumab induced cellular toxicity upon binding with HER-
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2 extracellular ligands are lacking. Based on efficient response
rate, trastuzumab conjugated chemotherapy with doxorubicin and
cyclophosphamide or paclitaxel led to its formal approval from
the US food and drug administration (FDA). Later on, several
other compounds have also been developed which target either
HER-2 or HER-1 molecules (lapatinib, afatinib, and neratinib).
Despite the wide range of inhibitors targeting HER-family, resis-
tance against these drugs has been observed in HER-2 express-
ing tumors.’ Both genetic and epigenetic alteration of HER-2, like
loss of trastuzumab binding region (p95-HER-2), splice variants,
activating mutations in extra or intracellular portions are few plau-
sible reasons for drug resistance induced by HER-2 expressing
cancer cells.'

Based on the earlier findings, an association has been frequently
observed between HER-2 polymorphism and different forms of
cancer. Involvement of Tle655Val (rs1136201) present at the co-
don 655 (ATC to GTC) in transmembrane domain of the receptor
has been extensively reported in the literature.!!* Presence of va-
line at given 655 site significantly enhances tumorigenic behavior
of the respective cancer.!! Earlier, several reports have indepen-
dently deciphered the association of HER-2 Ile655Val polymor-
phism with different types of cancer.'#*

Due to inconsistencies in previous studies, there is a need to
elucidate HER-2 Ile655Val polymorphism with most commonly



encountered cancers. Hence, a meta-analysis study was designed
on the basis of all the relevant published case—control studies to
explore any probable association of rs1136201 among different
cancers.

Materials and Methods

Publication search

PubMed, Ovid, Medline and Embase were searched using
multiple keywords like “HER-2 or ERBB2, Neu, or EGFP2”,
“polymorphism, SNP, variants” and “cancer” (last search update
was in February 2015). Case-control studies containing available
genotype Ile655Val (rs 1136201) were chosen. Additional studies
were identified by a manual search of the references of original
studies. All research articles exploring association of HER-2 poly-
morphism Ile655Val and major cancers published from 2000 to
2015 were selected based on the following criteria.

Inclusion and exclusion criteria

Only those research articles satisfying the following inclusion
criteria were selected for this study:

1. Included articles had followed a case-control study design.

2. For genotyping, molecular techniques like allele-specific
PCR, RFLP-PCR, Taq Man assay and DNA sequencing was used
in those research articles.

3. Tumors were also confirmed histologically in all these studies.

4. For estimation of odds ratios (OR) and 95% confidence in-

tervals (CI), genotypic distributions were available in all studies.

5. These research articles were published in English.

Following exclusion criteria was used for this meta-analysis:

1. Research articles which failed to follow Hardy-Wienberg
equilibrium were not included.

2. Research articles lacking complete information about allelic
distribution were also excluded.

3. Those research articles lacking healthy controls were also not
included.

4. All articles in which source of DNA isolation was different
from blood origin like fresh tissue biopsies, paraffin embedded
tissue blocks, saliva, cell line or any other in vivo model were not
considered.

5. Review articles and HapMap analysis were not considered.

The studies found eligible for inclusion after following the inclu-
sion and exclusion criteria are represented in Figure 1.

Data extraction

Information was carefully extracted from all studies indepen-
dently by two authors (Riaz and Malik). Disagreement was re-
solved either by discussion or consultation with other authors
(Kayani and Rashid). A majority of votes made the final decision.
The following data were sought for: first author’s surname, pub-
lication year, country origin, ethnicity (categorized as African-
American, Asian and Caucasian), genotyping method, sources of
controls, total number of cases and controls genotyped and p val-
ues of Hardy- Wienberg equilibrium reported in the paper.

Papers potencially relevant toHER-2
polymorphisms in all electronic
databases searched = 374

Papers excluded as duplicates or
irrelevant to polymorphism = 269

Papers potentially relevant to SNP lle655Val
and its susceptibility to cancers = 105

Papers excluded due to Tissue = 14, In vitro or
Invivo models =5, Saliva = 1, Incomplete = 25,
Before 2000 = 4, Review =6

Papers potentially relevant to SNP
Ile655Val and its susceptibility to
cancers = 50

Papers excluded due to inconsistency
with HWE = 4, Hapmap Analysis =5

Papers included in this
Meta-analysis = 41

Figure 1. Flow diagram of the strategy of inclusion and exclusion criterion following which 41 potential studies were included for HER-2 1655V polymor-

phism with cancer.
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Statistical analysis

After extracting the information from all the included studies,
meta-analysis was performed as described previously.?** Ini-
tially, data obtained was evaluated for Hardy-Weinberg equilib-
rium in the control group using online software (https://ihg.gsf.
de/cgi-bin/hw/hwal.pl). Crude odd ratios with 95% confidence
interval were used to evaluate any probable association among
HER-2 Ile655Val polymorphism and six major types of cancers
(breast, ovarian, lung, uterine, thyroid and gastric) on the basis of
genotypic distribution and minor allele frequencies. Pooled odd
ratios were calculated to estimate the risk in co-dominant models
(Val/Val vs. Ile/Ile; Tle/Val vs. Tle/Ile), dominant model (Ile/Val +
Val/Val vs. Ile/ Ile) and recessive model (Val/Val vs. Ile/Ile + Ile/
Val). I? statistics were used to check the heterogeneity among the
studies and P value less than 0.1 was considered as statistically
significant. The pooled odd ratios were estimated under random
effect model for significant P values of heterogeneity otherwise
fixed effect model was used. Subgroup analysis was conducted
by stratifying genotypic distribution data of world population into
ethnic groups and assessment of summary of odd ratios in all ge-
netic models. Impact of individual studies was also verified by
sensitivity analysis.

Publication bias was detected by Egger’s linear regression test
where P < 0.05 was considered significant®® and funnel plots were
generated by applying Begg’s test to the data. Statistical analyses
were performed using software RevMan and StatsDirect version 2.

Results

Distribution of study cohort

Based on selection criteria, 41 case-control studies were found
relevant for HER-2 Ile655Val polymorphism reported in 6 can-
cers, including 17845 patients and 19266 controls (Table 1).
These studies were selected out of total 374 papers retrieved
earlier from various databases. A total of 269 articles were ex-
cluded as duplicates or unrelated to HER-2 polymorphism while
105 studies were found relevant. Upon careful screening out
of these 105 studies, 64 were not included due to the follow-
ing reasons: 25 were incomplete with reference to the absence
of genotypic allelic distribution among cases and controls, 15
studies were performed on tissue or saliva samples rather than
blood, 11 were reviews and HapMap analysis, 5 studies were
performed in vitro or in vivo, 4 studies were conducted before
2000 and 4 studies were not in Hardy-Weinberg equilibrium. Of
the 41 included studies, 4 were conducted on African-American
population.?*3544 Twelve were performed on Asian popula-
tion,6.22:23-23:30.32.36394551.52 and 25 were conducted on the Caucasian
cthnic group.!#1517-2126-2931.33.35373840 4447485052 The majority of
these studies were performed on women affected by breast can-
cer. Out of 41 total studies, 34 studies were performed on breast
cancer’14%23,25—29,32,33,35,3743,45,47,48,50,51,52,53 2 Stlldies were Conducted
on ovarian*** and uterine cancer’®! and 1 on lung, thyroid,*
and gastric cancers.* In context to source of controls, 13 studies
were hospital-based!*20:232429.30.33.36.3942.4748 277 wwere population-ba
Sedl5—19,21,22,25—28,31,32,35,37,38.40,41,4346,5(F53 Whlle 1 Smdy49 was a miX Of
both methods as 121 control samples were hospital based and 103
DNA samples were extracted from healthy individuals who par-
ticipated in the study voluntarily from a general Mexican popula-
tion. For the included studies, genotyping methods such as Taq-
Man, PCR-RFLP and dual-color allele specific PCR assays were
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used. The minor allele frequency between the studies ranged from
0.048 for the American population® to 0.66 in the Egyptian pop-
ulation'. The genotypic distribution, P-values and minor allele
frequencies of individual studies are also summarized in Table 2.

Meta-analysis

The conclusions drawn from the heterogeneity test for assessing
the correlation of HER-2 Ile655Val polymorphism and 6 different
types of cancers are summarized in Table 3.

In the co-dominant homogenous model (Val/Val vs Ile/lle), an
association of HER-2 Ile655Val and cancer risk (I>= 42.4%, OR
=1.16, 95% CI = 0.96-1.4, P = 0.13) in the worldwide popula-
tion was observed. Similar results were obtained in the subgroup
analysis for Asian (I>’=43.2%, OR =1.01, 95% CI=0.58-1.76, P
= 0.98) and Caucasian populations (I*= 36.9%, OR = 1.11, 95%
CI = 0.92-1.33, P = 0.27). However, for the African-American
population, a significant association was observed (I>= 32.8%,
OR = 8.68, 95% CI =2.48 —30.39, P=0.0001).

Likewise in the co-dominant heterogeneous model (Ile/Val vs
Ile/Ile), the risk of cancer was significantly higher compared to
Ile/Ile in the worldwide population (I*= 31.9%, OR = 1.09, 95%
CI=1.01-1.16, P = 0.02) as shown in Figure 2. In the subgroup
analysis, a similar association was also observed in the Caucasian
population (I*=42.8, OR = 1.10, 95% CI = 1.01-1.21, P = 0.03).
However, no significant risk of cancer with heterogeneity was ob-
served in Asian (I?=20.2%, OR = 0.99, 95% CI=0.91-1.09, P =
0.99) or African-American populations (I*= 0%, OR = 1.19, 95%
CI=0.92-1.54, P=0.22).

In the same way, in Dominant model, a significant increased risk
association of these cancers was found with the HER-2 Ile655V-
al polymorphism in the worldwide population (I>= 49%, OR =
1.12,95% CI=1.03-1.21, P = 0.005) (Figure 4), Caucasians (I*=
55.1%, OR = 1.13, 95% CI = 1.02-1.24, P = 0.01), and African-
Americans (I*= 0%, OR = 1.32, 95% CI = 1.03-1.70, P = 0.03)
but not in Asians (I*’=41.7, OR = 1.06, 95% CI = 0.91-1.23, P
= 0.46).

In the recessive model, findings proposed that the HER-2 II-
e655Val polymorphism was significantly associated with cancer
risk in African-Americans only (I*= 34%, OR = 8.27, 95% CI =
2.38-28.77, P =0.0002) while it was not significant in worldwide
population (I>’=35.1%, OR =1.11,95% CI=0.93-1.31, P=0.24),
Asians (I?=40.4%, OR = 0.99, 95% CI = 0.58-1.72, P = 0.99)
or Caucasians (I>= 23.6%, OR = 0.99, 95% CI = 0.89-1.12, P =
0.96).

Publication bias

The Begg’s test, Funnel plot and Egger’s test were performed to
assess the publication bias of the included studies. The P values
of the Egger’s test and the Begg’s test furnished statistical con-
firmation for the symmetry of funnel plot as shown in the Figure
3 and 5. Stability of the data analysis was ensured by sensitivity
analysis.

Discussion

HER-2 belongs to the human epidermal growth factor receptor
family, commonly expressed on the surface of epithelial cells.**
Besides contribution to cell proliferation and differentiation, acti-
vation of HER-2 in normal cells promotes cell adhesion and mo-
tility.® The role of genetic aberrations in kinase binding domain



Table 1. List of all studies included in this meta-analysis.

No. Author Year Ethnicity Country Source GeMn::zE(iing Cancer Type (1;:;:15 COTI(I)::(I)]S
1 Haghshenas L* 2014 Asian Iran PB PCR-RFLP Breast Cancer 113 120
2 AbdRaboh NR* 2013 Caucasian Egypt HB PCR-RFLP Breast Cancer 64 86
3 Roca LY 2013 Caucasian France HB PCR-RFLP Breast Cancer 119 132
4 Lemieux J* 2013 Caucasian Canada HB Taq Man Assay Breast Cancer 10 63
5 Ozturk O* 2012 Caucasian Turkey PB PCR-RFLP Breast Cancer 118 128
6 Zhang M* 2011 Asian Chinese PB PCR-RFLP Breast Cancer 94 178
7 Kara N 2010 Caucasian Turkey PB PCR-RFLP Breast Cancer 204 192
8 Kallel ¢ 2010 Caucasian Tunisia PB PCR-RFLP Breast Cancer 57 40
9 Naidu R¥ 2008 Asian Malaysia HB PCR-RFLP Breast Cancer 230 200
10 Qu S* 2008 Asian China PB Taq Man Assay Breast Cancer 3012 3004
11 Mutluhan H* 2008 Caucasian Turkey PB PCR-RFLP Breast Cancer 166 208
12 Lee SC*2 2008 Asian Taiwan PB PCR-RFLP Breast Cancer 424 318
13 Papadopoulou E# 2007 Caucasian Greece HB PCR-RFLP Breast Cancer 56 45
14 Tommasi S* 2007 Caucasian Italy HB Taq Man Assay Breast Cancer 628 169
15 Benusiglio PR 2006 Caucasian Britian PB Taq Man Assay Breast Cancer 1999 2154
16 Zubor P> 2006 Caucasian Slovakia PB PCR-RFLP Breast Cancer 47 60
17 Nelson SE* 2005 Caucasian America PB Taq Man Assay Breast Cancer 1094 976
18 An HJ'¢ 2005 Asian Korea PB PCR-RFLP Breast Cancer 177 126
19 Cox DG* 2005 Caucasian America HB Taq Man Assay Breast Cancer 1271 1667

20 Frank B?! 2005 Caucasian Germany PB Taq Man Assay Breast Cancer 347 960
21 Kalemi TG* 2005 Caucasian Greece PB PCR-RFLP Breast Cancer 42 51

22 Benusiglio PR" 2004 White British United Kingdom PB Taq Man Assay Breast Cancer 1989 2155
23 Pinto D*# 2004 Caucasian Portugal PB PCR-RFLP Breast Cancer 152 146
24 Akisik E® 2004 Caucasian Turky PB PCR-RFLP Breast Cancer 121 145
25 Kamali-Sarvestani E* 2004 Asian Iran PB PCR-RFLP Breast Cancer 204 138
26 Millikan R* 2003  African-American America PB Taq Man Assay Breast Cancer 754 676
27 Millikan R 2% 2003 Caucasian America PB Taq ManAssay Breast Cancer 1261 1132

Dual color allele-
28 Montgomery KG?*’ 2003 Caucasian Australia PB specific Breast Cancer 409 299
PCR assay

29 Hishida A% 2002 Asian Japan HB Not Reported Breast Cancer 236 184
30 Keshava C* 2001  African-American America HB PCR-RFLP Breast Cancer 34 63

31 Keshava C* 2001 Caucasian America HB PCR-RFLP Breast Cancer 117 257
32 Baxter SW!” 2001 Caucasian Britian PB PCR-RFLP Breast Cancer 315 256
33 Wang-Gohrke S* 2001 Caucasian Germany PB PCR-RFLP Breast Cancer 615 1078
34 Xie D*! 2000 Asian China PB PCR-RFLP Breast Cancer 339 359
35 Mojtahedi Z*¢ 2013 Asian Iran HB PCR-RFLP Ovarian Cancer 107 130
36 Pinto D* 2005 Caucasian Portugal PB PCR-RFLP Ovarian Cancer 111 146
37 Kruszyna L 2010 Caucasian Poland PB PCR-RFLP Uterine Cancer 109 220
38 Jo UH* 2008 Asian Korea HB PCR-RFLP Lung Cancer 406 403
39 Rebai M* 2009 African Tunisia PB PCR-RFLP Thyroid Cancer 106 286
40 Torres-Jasso JH* 2013 American Mexico Mix PCR-RFLP Gastric Cancer 72 103
41 Kitao K* 2007 Asian Japan HB PCR-RFLP Uterine Cancer 116 213
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Table 2. Genotypic distribution, P-values and minor allele frequency (Val) of included studies.

Cases Controls Minor allele

No. Author Year Val/ ﬁ;.-:_/[a‘l;;é frequency
Total Ile/lle Ile/ Val Val/Val Total le/Tle Ile/Val Val (Val)
1 Haghshenas L2 2014 113 81 28 4 120 93 26 1 0.01 0.117
2 AbdRaboh NR™ 2013 64 39 21 4 86 67 18 1 0.86 0.661
3 Roca LY 2013 119 75 39 5 132 79 48 5 0.49 0.220
4 Lemieux I 2013 10 4 6 0 63 48 12 3 0.18 0.300
5 Ozturk O 2012 118 61 57 0 128 87 41 0 0.03 0.160
6 Zhang M* 2011 94 67 26 1 178 104 62 12 0.51 0.242
7 Kara N? 2010 204 153 46 5 192 141 48 3 0.63 0.141
8 Kallel 16 2010 57 55 2 0 40 34 4 2 0.004 0.100
9 Naidu R¥ 2008 230 165 57 8 200 159 37 4 03 0.113
10 QuS* 2008 3012 2298 648 66 3004 2252 687 65 0.14 0.136
11 Mutluhan F* 2008 166 128 34 4 208 166 40 2 0.81 0.106
12 Lee SC» 2008 424 341 80 3 318 273 44 1 0.58 0.072
13 Papadopoulou E® 2007 56 15 2 19 45 19 16 10 0.08 0.400
14 Tommasi S* 2007 628 433 181 14 169 125 41 3 0.86 0.139
15 BenusiglioPR' 2006 1999 1134 752 113 2154 1229 791 134 0.66 0.246
16 Zubor P 2006 47 22 2 3 60 42 17 1 0.63 0.158
17 Nelson SE# 2005 1094 637 396 61 976 551 356 69 0.28 0253
18 An HJt 2005 177 139 33 5 126 96 29 1 0.45 0.123
19 Cox DG 2005 1271 766 447 58 1667 980 591 96 0.58 0.235
20 Frank B?! 2005 347 186 132 29 960 525 377 58 037 0.257
21 Kalemi TG”? 2005 42 32 10 0 51 36 15 0 0.22 0.147
22 BenusiglioPR® 2004 1989 1128 748 113 2155 1230 791 134 0.69 0.246
23 Pinto D* 2004 152 88 57 7 146 107 35 4 0.58 0.147
24 Akisik E'S 2004 121 98 22 1 145 117 26 2 0.69 0.103
25 Kama“-ggwemni 2004 204 145 57 2 138 102 32 4 028 0.145
26 Millikan R 2003 754 658 88 8 676 606 70 0 0.16 0.052
27 Millikan R 2% 2003 1261 752 429 80 1132 684 375 73 0.03 0.230
28 M°‘§*‘§f}1€‘y 2003 409 240 138 31 299 196 94 9 0.57 0.187
29 Hishida A% 2002 236 182 51 3 184 136 41 7 0.09 0.149
30 Keshava C? 2001 34 32 2 0 63 57 6 0 0.69 0.048
31 KeshavaC2¥® 2001 117 76 36 5 257 187 62 8 031 0.152
2 Baxter SW"7 2001 315 190 109 16 256 138 101 17 0.8 0.264
33 Wang-Gohrke S* 2001 615 360 219 36 1078 646 374 58 0.69 0.227
34 Xie D¥! 2000 339 243 85 11 359 280 78 1 0.07 0.111
35 Mojtahedi Z* 2013 107 81 25 1 130 97 30 3 0.71 0.138
36 Pinto D* 2005 111 73 34 4 146 107 35 4 0.853 0.147
37 Kruszyna L*! 2010 109 53 49 7 220 138 78 4 0.046 0.195
38 Jo UH 2008 406 304 97 5 403 300 97 6 0.98 0.135
39 Rebai M# 2009 106 78 23 5 286 235 51 0 0.059 0.089
40 Torres-Jasso JH® 2013 72 49 20 3 103 76 25 2 0.965 0.141
41 Kitao K* 2007 116 91 23 2 213 169 39 5 0.99 0.115
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Table 3. Stratified pooled OR with 95% Confidence Interval for HER-2 lle655Val polymorphism and cancer risk.

Models Sljlfdifs Total cases Total controls OR (95% CI) P’ P (%) Analysis model
CODOMINANT

(Val/Val vs Ile/Ile)

African-American 4 849 978 8.7(2.5-30.4) 0.226 32.8 Fixed Effect
Asian 12 4359 4281 1.0 (0.6-1.8) 0.055 43.2 Random Effect
Caucasian 25 8028 9079 1.1 (0.9-1.3) 0.040 36.9 Random Effect
Overall 41 13236 14338 1.2 (0.95-1.4) 0.004 42.4 Random Effect
CODOMINANT

(Ile/Val vs. Ile/1le)

African-American 4 1083 1278 1.2 (0.9-1.5) 0.817 0 Fixed Effect
Asian 12 6557 6465 0.99 (0.9-1.1) 0.245 20.2 Fixed Effect
Caucasian 25 14814 16451 1.1 (1.0-1.2) 0.013 42.8 Random Effect
Overall 41 22454 24194 1.1 (1.0-1.2) 0.028 31.9 Random Effect
DOMINANT (Ile/Val +

Val/Val vs. Ile/ 1le)

African-American 4 1115 1282 1.3 (1.0-1.7) 0.645 0 Fixed Effect
Asian 12 6779 6685 1.1(0.9-1.2) 0.064 41.7 Random Effect
Caucasian 25 16044 17851 1.1 (1.0-1.3) 0.0005 55.1 Random Effect
Overall 41 23938 25818 1.1 (1.0-1.2) 0.0003 Random Effect
RECESSIVE (Val/Val

vs. Ile/Ile + Tle/ Val)

African-American 4 982 1130 8.3 (2.4-28.8) 0.220 34 Fixed Effect
Asian 12 5569 5483 0.99 (0.6-1.7) 0.072 40.4 Random Effect
Caucasian 25 12036 13465 0.99 (0.9-1.1) 0.151 23.6 Fixed Effect
Overall 41 18587 20078 1.1 (0.9-1.3) 0.019 35.1 Random Effect
* P-value of heterogeneity; Values in bold are significant either in random or fixed effect models.

Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,Fixed, 95% Cl Year M-H, Fixed, 95% CI
Hie D, 2000 a5 128 e 158 1.6% 1.26[0.88,1.79] 2000 T
Wang-Gohrke 5, 2001 2149 5749 374 1020 4.8% 1.05[0.85,1.30] 2001 T
Baxter S, 2001 109 2949 101 2349 2.0% 0.78[0.55, 1.11] 2001 -
Keshava C, 2001 2 34 4] 63 0.1% 0559 [0.11,3.12] 2001 — T
Keshava C 2, 2001 36 112 62 249 0.7% 1.43[0.88, 2.33] 2001 T
Hishida A, 2002 51 233 41 177 1.0% 0.83[0.58, 1.48] 2002 T
Montgormery KG, 2003 138 378 g4 2O0  1.9%  1.20[0.87,1.66 2003 -
Willikan R, 2003 a8 T46 70 BTE 1.9% 116 [0.83,1.61] 2003 T
Millikan R 2, 2003 429 1181 375 1059 T.2% 1.04[0.88,1.24] 2003 T
Finto Or, 2004 a7 145 35 142 0.6% 1.88[1.19, 3.249] 2004
Eenusiglio PR, 2004 743 1876 791 2021 131% 1.03[0.81,147] 2004 T
Akisik E, 2004 22 120 26 143 0.6% 1.01 [0.54,1.89] 2004 b
Kamali-Sarvestani E, 2004 a7 202 3z 134 0.8% 1.25[0.76, 2.07] 2004 T
Pinto D, 2005 34 107 35 142 0.6% 1.42[0.82,2.49] 2005 T
Melsan SE, 2005 396 1033 356 anr B.7% 0.86[0.80,1.16] 20045 -
AnHJ, 2005 33 172 29 124 0.8% 0.79[0.45,1.38] 2005 T
Kalemi TG, 2005 10 42 18 a1 0.23% 0.75[0.30,1.90] 2005 T
Cox DG, 2005 447 1213 591 1571 9.3% 097 [0.83,1.13] 2005 -
Frank B, 2005 132 e 3TT anz 3.3% 0.99[0.76,1.28] 2005 -
Zubor P, 2008 22 44 17 59 0.2% 2.47[1.09,5.59] 20086 —
Benusiglio PR, 2006 752 1886 7a1 2020 13.2% 1.03[0.81,1.17] 2006 T
Fapadopoulou E, 2007 22 a7 16 35 0.2%  1.74[0.6S, 443 2007 e
Tommasi 5, 2007 181 B14 41 166 1.3% 1.27 [0.86,1.89] 2007 T
Kitao kK, 2007 23 114 jeie) 208 0.6% 110[0.62, 1.5 2007  —
Maidu R, 2008 57 222 ar 196 0.8% 1.48[0.83, 2.37] 2008 T
Mutluhan H, 20028 34 162 40 206 0.8% 1.10[0.66,1.84] 2002 T
Gu g, 2008 48 2046 BEY 2039 15.4% 0.92[0.82,1.04] ZO02 -
Jo UH, 2008 a7 401 ar a7 21% 0.99[0.71,1.36] 20028 .
Lee SC, 2002 a0 421 44 T 1.2% 1.46[0.87,217] 2008 —
Rebaim, 2009 23 101 a1 286 0.6% 1.36[0.78, 2.37] 2009 T
Kallell, 2010 2 a7 4 a8 0.1% 0.31[0.05,1.78] Z010 — 1
Kara M, 2010 46 199 48 189 1.1% 0.B8[0.55,1.41] Z010 T
Kruszyna L, 2010 49 102 78 216 0.7% 1.64[1.01, 2.64] Z010 —
Zhang M, 2011 26 a3 B2 166 0.9% 0.65([0.38,1.13] 2011 T
Ozturk O, 2012 a7 118 41 128 0.6% 1.98[1.18,3.33] 2012 I
Torres-Jaggo JH, 2013 20 69 25 1 0.4% 1.24 [0.62, 2.47] 2013 -
Rocal, 2013 39 114 48 127 0.9% 0.B6[0.50,1.45] 2013 T
Maojtahedi Z, 2013 25 106 an 127 0.6% 1.00([0.54,1.83] 2013 T
AhdRaboh MR, 2013 21 B0 18 85 0.3% 2.00([0.95 4.21] 2013 T
Lemieux d, 2013 B 10 12 1) 0.0% 6.00[1.46, 24 69] 2013
Haghshenas L, 2014 28 109 26 1149 0.5% 1.24 [0.67,2.28] 2014 T
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Figure 2. Forest plot of the codominant heterogeneous model (lle/Val vs lle/lle) showing association of HER-2 1655V polymorphism with cancer risk in
world-wide population.
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Figure 3. Funnel plot of the co-dominant heterogeneous model (lle/Val vs lle/lle) for publication bias. Each included study is represented by a point for
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Figure 4. Forest plot of the dominant model (lle/Val + Val/Val vs lle/lle) indicating association of HER-2 1655V polymorphism with cancer risk in world-
wide population.
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Figure 5. Funnel plot of the dominant model (lle/Val + Val/Val vs lle/lle) for publication bias. Each included study is represented by a point for the as-
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of HER-2 also contributes to tumorigenesis and has also been
reported in many cancer types** Ile655Val (rs1136201) is the
most extensively studied polymorphism associated with different
cancers.!! This change results in stabilization of homodimerized
HER-2 complex which enhances tyrosine kinase activity for acti-
vation of several downstream pathways leading to increased cell
proliferation.”’

This meta-analysis revealed a significant association of cancer
and HER-2 Tle655Val polymorphism in worldwide population.
A significant association was observed in the worldwide analysis
(Ile/Val vs.. Ile/Ile; OR = 1.1, 95% CI = 1.0-1.2, P=0.01, Ile/Val
+ Val/Val vs.. Ile/lle; OR = 1.12, 95% CI = 1.0-1.2, P = 0.005).
Significant heterogeneity was also found in the stratified subgroup
analysis in which moderate risk association was observed for
African-Americans (Val/Val vs. Ile/lle; OR = 8.7, 95% CI = 2.5~
30.4, P =0.0001, Ile/Val+Val/Val vs. Ile/Ile; OR = 1.3, 95% CI =
1.03-1.7, P=0.003; Val/Val vs. Ile/Val+Ile/Ile; OR = 8.3, 95% CI
=2.4-28, P=0.0002), Caucasians (Ile/Val vs. Ile/lle; OR = 1.1,
95% CI = 1.0-1.2, P = 0.03, Ile/Val + Val/Val vs. Ile/lle; OR =
1.12,95% CI=1.0-1.2, P=0.03). No associations were observed
in the Asian ethnic group in any of the 4 models.

The initial positive association of HER-2 Ile655Val polymor-
phism and breast cancer risk was reported by Xie in a Chinese
population.”’ Since then, many studies have been performed in
different populations and different cancers which have provided
conclusive evidence of correlation.'* Interest-
ingly, quite contrasting findings stating lack of any association
between cancer risk and HER-2 Ile655Val polymorphism have
also been reported.!¥2>30364950 Fyurthermore, Cox* and Nelson*
demonstrated an inverse association stating that valine present at
655 reduced the risk of breast cancer. Based on these contrasting
results, there was an immense need for a meta-analysis to estab-
lish a significant association between allele contrast (Val vs. Ile)
of HER-2 Ile655Val polymorphism and risk of all major cancers
with worldwide population, especially Caucasians and Asians.
Previously, several meta-analyses have been conducted to assess
this association in breast cancer but the results are quite ambigu-
ous, especially in stratified analysis. A significant effect of valine
substitution on increased tumorigenicity and cardiomyopathies is
established.

Lu et al. (2010)* found association of HER-2 Ile655Val poly-
morphism with the Asian and African sub-groups in breast cancer
and no correlation was observed for Caucasians. On the contrary,
Chen (2014) suggested an inverse relationship.” In this meta-
analysis, no association was observed in the Asian ethnic group
but with African-American and Caucasian groups. This could be
due to lack of studies and clinical heterogeneity, which plays a vi-
tal role in genetic susceptibility to cancer. Based on these findings,
Ile655Val polymorphism significantly elevates cancer risk across
Caucasians and African-American populations. These polymor-
phisms significantly attribute in designing a personalized medica-
tion as evidenced by a recent approval of Kalydeco drug by FDA
destined against cystic fibrosis (CF) gene polymorphism G551D.

There are certain limitations in this article which should be con-
sidered. As cancer is a multifactorial disease, there are several ex-
ogenous factors involved in the initiation and progression of can-
cer. Gender, age, stage of cancer, occupational hazards, lifestyle,
obesity and co-morbidity are certain factors that affect the onset of
several types of cancers and the penetration of polymorphisms. As
information regarding these confounders was unavailable in the

included studies, the analysis was performed using unadjusted odd
ratios. Secondly, studies included in the African-American sub-
group are fewer compared to other ethnic groups; hence studies
with large sample size will further elaborate this plausible associa-
tion of HER-2 with all salient types of cancer.

In conclusion, it is the first report suggesting a significant as-
sociation between HER-2 Ile655Val polymorphism and all ma-
jor types of cancers (Breast, Ovarian, Uterine, Lung, Thyroid and
Gastric) suggesting that carriers of Valine allele and Val/Val geno-
type may be linked with elevated risk of cancer. In future, further
well-designed studies are warranted, especially addition of more
studies for other cancers besides breast cancer to validate these
findings.
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