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Abstract 

Background: Cervical cancer (CCa) is a multifactorial gynecologic disease worldwide. Effects of HER2 
polymorphisms, especially those in exonic region, have been investigated in many gynecologic diseases. In this 
study, we evaluated the influence of functional HER2 polymorphisms on susceptibility and survival of CCa in a 
Chinese population. 
Methods: We genotyped the HER2 exonic polymorphisms by TaqMan in both case-control study (413 CCa 
patients vs. 396 controls) and survival study (413 CCa patients). Logistic regression and Cox regression were 
adopted to evaluate the genetic association with the risk and outcomes of CCa, respectively. 
Results: In the case-control study, there was no significant difference between patients and controls in either 
HER2 rs1136201 or rs1058808. However, when combined, these two polymorphisms demonstrated a 
significant hazardous effect for CCa (P = 0.012). Besides, number of variants was also influential (P trend 
=0.002). In survival analysis, dominant model of rs1136201 and co-dominant modelof rs1058808 were 
significantly associated with the survival (P = 0.037 and P =0.028). The combination of rs1136201 and 
rs1058808 also negatively impacted CCa survival (P = 0.009). Cox regression further revealed the significance 
of the polymorphism combination (β = 0.38, P = 0.025, HR= 1.47, 95%CI = 1.05-2.05). Functional assay of these 
polymorphisms demonstrated that rs1058808 G allele was associated with stronger expression of HER2 gene. 
Conclusions: Our results suggested that the combination of HER2 rs1136201and rs1058808 was significantly 
associated with the susceptibility of CCa. Besides, this combination of polymorphism s also substantially 
impacted the survival of CCa patients. 

Key words: HER2, cervical cancer, tag SNP, polymorphism, susceptibility, survival  

Introduction 
Cervical cancer (CCa) is the third most common 

and third lethal gynecologic cancer globally. In 2015, 
approximate 12,900 CCa incident cases and 4,100 
deaths were reported in the U.S [1]. In China, CCa is 
the most severe genital malignancy cancer among 

women, with 98,900 incident cases and 30,500 deaths 
in the same year [2]. The squamous cervical carcinoma 
(SCCa), derived from squamous intraepithelial lesions 
(SILs), is the most frequent histological CCa type [3]. 
The human papillomavirus (HPV) has been the 
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known factor for CCa incidence and mortality. 
However, HPV is only a necessary but insufficient 
factor for the onset and development of CCa. As 
reported previously, genetic variation, including 
single nucleotide polymorphism (SNP), also play an 
important role in the progression of CCa [4-6]. 

With the introduction of the cytological screen-
ing, CCa mortality rate has been substantially reduced 
in clinics. Recently, the investigations of CCa incident 
and treatment have been improved, and some ideal 
strategies have been figured out soundly. As descri-
bed by Dueñas-Gonzalez et.al., pre-invasion lesions 
such as high-grade squamous intraepithelial lesions 
(including CIN2 and CIN3 could be the best targets 
for healing [7]. However, because early diagnosis and 
outcome of standard therapy of CCa is still unsatis-
factory, the precious right time for CCa treatment is 
always wasted. Hence, there is an urgent need for 
more thorough and comprehensive understanding of 
the molecular mechanisms and corresponding 
biomarkers and targets for prediction, diagnose, 
treatment, and survival of the CCa susceptible 
population. 

erb-b2 receptor tyrosine kinase 2 (ERBB2, more 
widely known as HER2), is one of the epidermal 
growth factor receptors. As a sensitive target for 
cancer therapy, its antibody, Herceptin, is widely 
recommended for breast cancer and CCa treatment 
with an eutherapeutic effect [8-11]. Therefore, HER2 is 
an ideal candidate to screen for genetic variability on 
CCa susceptibility and survival. In this study, we 
tested the effects of SNPs in HER2 exonic region in 
case-control study for susceptibility of CCa, and 
further longitudinal study for survival of the patients. 
The results of this study provide more evident 
molecular basis for both diagnosis and treatment of 
CCa in the Chinese populations. 

Method and Materials 
Ethic principle 

The study was approved by the ethics committee 
of Jiangsu Provincial Center for Disease Control and 
Prevention (no.2012025), in accordance with the 
principles of the Helsinki Declaration. Each partici-
pant signed a written informed consent before 
donating 5 ml venous blood for further analyses. 

Study population 
413 CCa patients (confirmed with histopatholog-

ical evidence) and 396 controls without history of 
gynecologic diseases were enrolled in this study. The 
patients (in the case group) were followed for the 
further survival study. All patients’ survival 
information was collected using the medical 
insurance system during follow-ups. All patients 

were recruited from the first affiliated hospital of 
Soochow University and the Suzhou Center for 
Disease Prevention and Control between Match 2004 
and Jan 2010, along with their corresponding 
demographic and/or clinical characteristics 
(including age, menarche age, menopause age, first 
birth age, smoking status, HPV status, menopausal 
status, family cancer history, histological types and 
cancer stage for patients). The control participants 
were free of cancer history, who participated in a 
community-based chronic disease program of Suzhou 
Center for Disease Prevention and Control during the 
same period as the cases were collected with the help 
of Liuhe Hospital Affiliated to Medical College of 
Yangzhou University. People who smoked daily for 1 
year were defined as smokers [12]. All participants 
were genetically unrelated Han Chinese. 

SNP selection criteria 
We established the following three criteria to 

identify the target SNPs: a) located in exonic region of 
the HER2 gene; b) MAF (minor allele frequency) of 
Han Chinese in Beijing (HCB) > 0.05; c) a linkage 
disequilibrium value of r2 < 0.8 for each target SNPs. 

DNA isolation and Genotyping 
Genomic DNA was extracted from participants’ 

peripheral venous blood by the QIAcube HT Plastic-
ware with QIAamp 96 DNA QIAcube HT Kit (Qiagen, 
Dusseldorf, Germany) following the manufacturer’s 
protocol and then stored at-80℃ before genotyping. 
The A260/A280 of the purified DNA, tested by the 
NanodropOneC Ultramicro ultraviolet spectrophoto-
meter (ThermoFisher Scientific, Waltham, MA, USA), 
was between 1.8 and 2.0, indicating no external DNA 
contamination. The TaqMan SNP Genotyping Assay 
with ABI7900HT real-time PCR System (Applied 
Biosystems, Foster City, CA, USA) was used for 
genotyping HER2 polymorphisms. These samples 
were added in each plate for quality control of 
genotyping. Two staff operated the genotyping assay 
independently. More than 10% of the samples were 
randomly selected for validation, and the results were 
exactly same between the two sets of assays. 

Construction of HER2 expression plasmid and 
transient transfection 

The total cDNA sequence of HER2 was 
synthesized and constructed into the pIRES2-EGFP by 
Generay Company (Shanghai, China). And the single- 
point mutations were performed on the original 
plasmid to evaluate the impact of variants of both 
rs1136201 and rs1058808 by the same company. All 
plasmids were confirmed by DNA sequencing. After 
transformation and purification, these plasmids were 
transiently transfected into the HeLa cell line. Each 
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kind of cells was seeded on 24-well plates overnight to 
ensure the sufficient amount of cells for further 
transfection. With the help of Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA), 0.8 μg of each 
plasmid were then transfected into HeLa cells, 
respectively. All the experiments were conducted by 
the same technician following standardized protocol, 
to eliminate the impact of inequable transfection 
efficiencies and the total amount of each plasmid. The 
expression of EGFP was tested as the internal control 
for transfections in each plate. 

RNA expression and Western blot of HER2 
expression plasmids 

After transformation and purification, these 
plasmids were transiently transfected into the HeLa 
cell line. Each kind of cells was seeded on 24-well 
plates overnight to ensure the sufficient amount of 
cells for further transfection. With the help of 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA), 
0.8 μg of each plasmid were then transfected into 
HeLa cells, respectively. All the experiments were 
conducted by the same technician following 
standardized protocol, to eliminate the impact of 
inequable transfection efficiencies and the total 
amount of each plasmid. The expression of EGFP was 
tested as the internal control for transfections in each 
plate.  

RNA expression and Western blot of HER2 
expression plasmids 

After a 48h transfection, RNA and protein of 
HER2 were collected from each plate. The total RNA 
of cells was extracted by TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA). Quantitative real-time PCR were 
performed by ABI7900 HTreal-time PCR System 
(Applied Biosystems) after reverse transcription, and 
the glyceraldehydes 3-phosphate dehydrogenase 
(GAPDH) was adopted as the internal control. The 
primer for HER2 and GAPDH were listed as follows: 
HER2 sense primer: 5′-CTGATGGGTTAATGAGCAA 
ACTGA-3′, and HER2 antisense primer: 5′-CCAAATT 
CTGTGCTGGAGGTAGAG-3′; GAPDH sense primer: 
5′-CCACCCATGG CAAATTCCATGGCA-3′, and 
GAPDH sense primer: 5′-TCTAGACGGCAGGTCAG 
GTCCACC-3′. All experiments were performed in 
triplicate, and the relative quantification of HER2 
mRNA was calculated using the 2–ΔΔCt method. 

Cells were harvested and washed with PBS and 
lysed in RIPA with protease and phosphatase inhibi-
tors on ice and centrifugated at 4°C. The protein 
contents were determined using Bradford protein 
assay (Bio-Rad Hercules, CA, USA). Total protein (25 
μg) of each sample transfected with different 
plasmids was separated by SDS-PAGE (12.5%), and 

then transferring onto PVDF membrane. After 
blocking by 5% low-fat powder for eliminating 
nonspecific binding, the membrane was incubated 
with primary antibody (dilution =1:1000, HER2 
antibody, ab134182, Abcam, Cambridge, UK; dilution 
= 1:5000, GAPDH antibody, ab9485, Abcam) at 4°C 
overnight. In the second day, the transferred 
membrane was incubated with secondary antibody 
(dilution = 1:5000) for 2 h at 4℃. The Bio-rad 
ChemiDoc XRS+ system (Bio-Rad Hercules) was used 
to visualize the protein signals on the membrane. 

Immunohistochemistry (IHC) 
The IHC for HER2 was carried out on 

representative paraffin sections of CCa tissues. 
Immunohistochemical staining was performed by 
using the Boster SABC (rabbit IgG)-POD kit (Wuhan, 
China) according to the recommended protocol. The 
HER2 antibody (ab134182, Abcam) was used to 
incubate the preparing sections overnight at 4°C, and 
the 3, 3’-diaminobenzidine was used to get a brown 
precipitate for scoring. The evaluation of PSCA 
expression was performed by the Department of 
Pathology, the first affiliated hospital of Nanjing 
Medical University with a blind fashion by two 
independent experienced pathologists. The final 
HER2 score was calculated by multiplying the 
intensity and the percentage of positive cells. The 
categorization criteria were as follows: ≤ 3, negative or 
weak; > 3 and ≤6, moderate; > 6, strong. 

Statistical Analysis 
Goodness-of-fit χ2 test was adopted to test for the 

Hardy-Weinberg equilibrium (HWE). In the case- 
control study, the Student-t test and/or χ2 test were 
used to demonstrate the how distributions of 
demographic, clinical characteristics, and frequency 
of genotypes differ between case and control groups. 
Unconditional univariate and multivariate logistic 
regressions were applied to estimate the adjusted 
odds ratios (ORs), with 95% confidence intervals 
(CIs), which quantify the effects of the SNPs.  

Furthermore, Kaplan-Meier estimator was 
computed to evaluate the effect of HER2 polymorph-
isms on CCa patients’ survival, demographic, and 
clinical characteristics. Mean survival time (MSTb) 
was provided when MST could not be calculated. 
Final predictive factors of CCa patients’ survival were 
revealed with the univariate or multivariate Cox 
regression by estimating the hazard ratios (HRs) and 
corresponding 95%CIs. The Cox step wise regression 
was performed for CCa prognosis, with a significant 
level of 0.05 for entering and 0.10 for removing the 
respective explanatory variables. 
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Results 
Characteristics of study participants 

The characteristics of all participants, including 
413 CCa patients (cases) and 396 controls, were 
provided in Table 1. There was no significant 
difference between case and control group in age 
(56.12 ±12.48 vs. 56.28 ± 11.91, case and control, 
respectively, P = 0.844), as well as in smoking status. 
However, the ages at menarche, menopause, first live 
birth showed significant differences between these 
two groups (P < 0.05). In clinical indices, the 
characters of HPV infection and family cancer history 
in patients dominated high proportions (87.65% vs. 
80.30%, P < 0.001 and 67.31% vs. 32.69, P < 0.001, 
respectively). Also, in menopausal status (P = 0.007) 
and parity (P = 0.010), patients presented enormous 
discrepancies. 

The survival information of the 413 patients was 
provided in Table 2. Among all the 413 CCa patients, 
156 had passed away. There were no statistically 
significant association between MST (median survival 
time) and patients’ age (log-rank P = 0.262), age at 
menarche (log-rank P = 0.884), age at menopause 
(log-rank P = 0.354), age at first live birth (log-rank P = 
0.840), or smoking status (log-rank P = 0.053). On the 
other hand, there was significant association between 
menopausal status and CCa patients’ survival 
(log-rank P = 0.023): the postmenopausal patients had 
a higher mortality rate than premenopausal ones 
(MST = 52.03, HR = 1.47, 95%CI = 1.06-2.04). Besides, 
there was also significant difference among 
histological types (log-rank P = 0.007). 

Effects of HER2 polymorphisms on the risk of 
CCa in the case-control study 

According to the SNP selection criteria we had 
mentioned above, there were only two candidate SNPs 
finally identified as our objects: rs1136201 and 
rs1058808 in the HER2 gene. 

The frequencies of participants’ genotypes confi-
rmed the HWE (χ2 = 0.716, P= 0.437). There was no 
significant effect for either SNP (rs1136201 or 
rs1058088) in any model (Table 3). However, with the 
increase of alleles, these SNPs displayed their harmful 
(P trend = 0.036 for rs1136201) and protective (P trend 
= 0.012 for rs1058808) trends. The combined effects of 
these two SNPs were shown in Table 4. Participants 
with 3 variants in combination of rs1136201 and 
rs1058088 were associated with significantly higher 
susceptibility to CCa (OR = 1.98, 95%CI= 1.18-3.35). 
Although individuals having 4 variants showed no 
significant association with CCa occurrence, there was 
still a risky trend among individuals having the 
combination of these two SNPs (P trend = 0.002). 

Using 0-2 variants as the reference group, individuals 
with 3-4 variants of these two SNPs showed 
significantly higher susceptibility to CCa (P = 0.028, 
OR = 1.70, 95%CI = 1.06-2.74; Table 4). 

The association between HER2 polymorphisms 
and CCa survival 

Kaplan-Meier survival curve was constructed, 
and log-rank test were performed for the 413 patients 
(Table 5). In SNP rs1136201, the co-dominant model 
revealed significantly higher risk of death (HR = 1.53, 
95%CI = 1.04-2.28) in AG/GG genotypes, which 
coincided with the hazardous effect of the G allele 
(log-rank P trend = 0.040). The Kaplan-Meier survival 
curves for rs1136201 and rs1058088 were showed in 
Figure 1A and 1B, respectively. 

 

Table 1. Demographic and Selected Variables in Cervical Cancer 
Cases and Controls 

Variables Cases (n=413)   Controls (n=396) Pa 
n %   n % 

Age, year (mean±SD) 56.12±12.48  56.28±11.91 0.844  
Age at menarche, year (mean±SD) 14.55±2.36  14.84±1.78 0.006  
Age at menopause, year (mean±SD)b 49.75±2.83  49.26±3.52 0.010  
Age at first live birth, year (mean±SD)c  25.36±1.79  24.82±2.34 <0.001  
Smoking status   
Smoker 27 6.54   14 3.54  0.052  
Nonsmoker 386 93.46   382 96.46   
HPV infection    
Yes 362 87.65   78 19.70  <0.001  
No 51 12.35   318 80.30   
Menopausal status   
Premenopausal 180 43.58   136 34.34  0.007  
Postmenopausal 233 56.42   260 65.66   
Parity   
0-1 141 34.14   170 42.93  0.010  
≥2 272 65.86   226 57.07   
Family history of cancer   
Yes 278 67.31   87 21.97  <0.001 
No 135 32.69   309 78.03   
Histological types   
CIN3d 12 2.91      
Squamous cell carcinoma  344 83.29      
Adenocarcinomas 50 12.11      
Adenosquamous carcinoma 7 1.69      
Stage  
CIN3d 4 0.97      
I 101 24.46      
II 238 57.63      
III 65 15.74      
IV 5 1.21          
a two-side test. b Information was available in postmenopausal women (233 cases 
and 260 controls). c Information was available in 407 cases and 389 controls with 
parity. d CIN, cervical intraepithelial neoplasia.  

 
The combined analysis results for rs1136201 and 

rs1058808 were shown in Table 6 and Figure 1C. The 
patients with 3 variants in these two polymorphisms 
had the shortest survival time (MST = 42.85) and the 
highest mortality rate (HR =2.42, 95%CI = 1.02-5.79). 
Group with 3-4 variants had much shorter MST and 
higher mortality rate (MST = 42.24, log-rank P = 0.009, 
HR = 1.74, 95%CI = 1.15-2.65), comparing to group 
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with 0-2 variants (MST = 53.67, as the reference 
group). 

 

Table 2. Cervical cancer patients’ characteristics and clinical 
features 

Variables Patients 
n=413 (%) 

Deaths 
n=156 (%) 

MST 
(months)a 

Log- 
rank 
P 

HR (95%CI) 

Age (years)      
≤55 198 (47.94) 77 (38.89) 45.03 0.262 1.00 (Ref.) 
>55 215 (52.06) 79 (36.74) 52.36  0.83 (0.60-1.15) 
Age at menarche (years) 
<15 227 (54.96) 85 (37.44) 51.20 0.884 1.00 (Ref.) 
≥15 186 (45.04) 71 (38.17) 52.35  1.02 (0.74-1.41) 
Age at menopause (years)b 
<50 119 (51.07) 42 (35.29) 51.76 0.354 1.00 (Ref.) 
≥50 114 (48.93) 49 (42.86) 52.63  1.17 (0.84-1.62) 
Age at first live birth (years)c     
<25 190 (46.68) 73 (38.02) 52.53 0.840 1.00 (Ref.) 
≥25 217 (53.32) 81 (37.33) 45.92  1.03 (0.75-1.42) 
Smoking status 
Smoker 27 (6.54) 7 (25.93) 46.17d 0.053 1.00 (Ref.) 
Nonsmoker 386 (93.48) 149 (38.60) 51.75  2.14 (0.99-4.61) 
HPV infection 
Yes 362 (87.65) 142 (39.23) 52.31 0.819 1.00 (Ref.) 
No 51 (12.35) 14 (27.45) 43.77  1.07 (0.61-1.87) 
Menopausal status 
Premenopausal 180 (43.58) 60 (33.33) 52.03 0.023 1.00 (Ref.) 
Postmenopausal 233 (56.42) 96 (41.20) 45.14  1.47 (1.06-2.04) 
Parity  
0-1 141 (34.14) 60 (42.55) 42.94 0.116 1.00 (Ref.) 
≥2 272 (65.86) 96 (35.29) 52.38  0.77 (0.55-1.07) 
Family history of cancer 
Yes 278 (67.31) 107 (38.49) 52.91 0.492 1.00 (Ref.) 
No 135 (32.69) 49 (36.30) 51.90  0.89 (0.63-1.25) 
Histological types 
CIN3e 12 (2.91) 4 (33.33) 32.69d 0.007 1.00 (Ref.) 
Squamous cell 
carcinoma 

344 (83.29) 141 (40.99) 45.93  1.29 (0.47-3.53) 

Adenocarcinomas 50 (12.11) 10 (20.00) 51.05d  0.52 (0.16-1.72) 
Adenosquamous 
carcinoma 

7 (1.69) 1 (14.29) 41.00d  0.44 (0.05-3.98) 

Stage  
CIN3e 4 (0.97) 3 (75.00) 56.62 0.174 1.00 (Ref.) 
I 101 (24.46) 44 (43.56) 44.31  1.32 (0.38-4.55) 
II 238 (57.63) 87 (36.55) 52.12  1.10 (0.33-3.71) 
III 65 (15.74) 21 (32.31) 51.01  0.81 (0.22-2.89) 
IV 5 (1.21) 1 (20.00) 52.00   
Chemotherapy 
Yes 273 (66.10) 99 (36.26) 52.69 0.456 1.00 (Ref.) 
No 140 (33.90) 57 (40.71) 44.35  1.13 (0.81-1.58) 
a MST: median survival time; b Information was available in 91/233 
(deaths/patients) postmenopausal women; c Information was available in 153/407 
(deaths/patients) cases with parity; d Mean survival time was provided when MST 
could not be calculated; e CIN, cervical intraepithelial neoplasia. 

 

Table 3. Genotype and allele frequencies of rs1136201 and 
rs1058808 polymorphisms among cervical cancer cases and 
controls 

Genotype Cases (n=413)   Controls (n=396) Pa Adjusted OR (95%CI)b 
n %   n % 

rs1136201 
AA 218 52.78  237 59.85  1.00 (Ref.) 
AG 161 38.98  135 34.09 0.126 1.39 (0.91-2.12) 
GG 34 8.23  24 6.06 0.169 1.66 (0.80-3.44) 
AG+GG 195 47.22  159 40.15 0.074 1.44 (0.96-2.14) 
G allele 229 27.72  183 23.11 0.069 1.33 (0.98-1.81) 
P trend  0.036  

Genotype Cases (n=413)   Controls (n=396) Pa Adjusted OR (95%CI)b 
n %   n % 

rs1058808 
GG 172 41.65  131 33.08  1.00 (Ref.) 
CG 181 43.83  192 48.48 0.104 0.70 (0.45-1.08) 
CC 60 14.53  73 18.43 0.112 0.62 (0.35-1.12) 
CG+CC 241 58.35  265 66.92 0.059 0.68 (0.45-1.02) 
C allele 301 36.44  338 42.68 0.067 0.77 (0.58-1.02) 
P trend   0.012   
a two-side chi-square test. b Adjusted for age, age at menarche, age at menopause, 
age at first live birth, smoking status, menopausal status, parity and family history 
of cancer.  

 

Table 4. Frequency distributions of the combined genotypes of 
rs1136201 and rs1058808 polymorphisms among the cases and 
controls, and their correlation to risk of cervical cancer 

Genotype Cases (n=413)   Controls (n=396) Pa Adjusted OR 
(95%CI)b n %   n % 

Number of risk allelesc 
 0 42 10.17   52 13.13  0.012  1.00 (Ref.) 
 1 105 25.42   121 30.56   1.22 (0.60-2.46) 
 2 161 38.98   159 40.15   1.52 (0.78-2.97) 
 3 93 22.52   58 14.65   2.23 (1.02-4.91) 
 4 12 2.91   6 1.52   4.48 (0.94-21.29) 
 P trend  0.002   
Recombined groupsc 
 0-2 308 74.58   332 83.84   1.00 (Ref.) 
 3-4 105 25.42    64 16.16  0.028  1.70 (1.06-2.74) 
a two-side chi-square test. b Adjusted for age, age at menarche, age at menopause, 
age at first live birth, smoking status, menopausal status, parity and family history 
of cancer. c The 0–4 represents the numbers of risk alleles within the combined 
genotypes; the risk alleles used for the calculation were the rs1136201 G and 
rs1058808 G alleles. 

 

Table 5. Genotypes of rs1136201 and rs1058808 polymorphisms 
and cervical cancer survival 

Variable Patients 
 [n=413 (%)] 

Deaths  
[n=156 (%)] 

MST 
(months)a 

Log- 
rank P 

HR (95%CI)b 

rs1136201         
 AA 218 (52.78) 75 (34.40) 53.96  1.00 (Ref.) 
 AG 161 (38.98) 64 (39.75) 44.45 0.052 1.51 (1.00-2.30) 
 GG 34 (8.23) 17 (50.00) 43.24 0.275 1.52 (0.72-3.21) 
 AG+GG 195 (47.22) 81 (41.54) 44.28 0.037 1.53 (1.03-2.28) 
P trend    0.040  
rs1058808     
 GG 172 (41.65) 79 (45.93) 45.34  1.00 (Ref.) 
 CG 181 (43.83) 62 (34.25) 52.14 0.558 0.88 (0.56-1.36) 
 CC 60 (14.53) 15 (25.00) 59.16 0.028 0.40 (0.18-0.90) 
 CG+CC 241 (58.35) 77 (31.95) 52.09 0.189 0.75 (0.49-1.15) 
P trend    0.140  
a MST: median survival time. b Adjusted for age, age at menarche, age at 
menopause, age at first live birth, smoking status, menopausal status, parity and 
family history of cancer. 

 

The stratified analysis and Cox regression 
model for survival in CCa patients 

Based on the significant difference between 0-2 
variants group and 3-4 variants group in the CCa 
survival study (see above paragraph), we validated 
the impacts of HER2 polymorphisms on CCa survival. 
The results were shown in Table 7. 3-4 SNP variants 
more substantially impacted the subgroups of age 
above 55 (log-rank P= 0.004, HR=2.06, 95%CI = 
1.26-3.37), menarche age below 15 (log-rank P = 0.020, 
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HR = 1.99, 95%CI = 1.11-3.56), menopause age below 
50 (log-rank P = 0.016, HR= 1.71, 95%CI = 1.10-2.64), 
first live birth age below 25 (log-rank P =0.017, HR 
=2.14, 95%CI = 1.15-4.01), and non-smokers (log-rank 
P = 0.045, HR = 1.56, 95%CI = 1.01-2.42). In clinical, the 
combined perniciousness of HER2 SNP variants 
existed in HPV infection group (log-rank P =0.018, HR 
= 1.69, 95%CI = 1.09-2.61), ≥2 parity (log-rank P = 
0.003, HR = 1.76, 95%CI = 1.08-2.86), adenocarcinomas 
(log-rank P =0.004, HR = 21.12, 95%CI = 2.72-163.66), 
and clinical stage II of CCa (log-rank P = 0.008, HR = 
2.24, 95%CI = 1.23-4.07; Table 7). Considering all 
potential demographic characters, clinical feature, and 
combination of HER2 polymorphisms (rs1136201 and 
rs1058808), four variables: smoking status (P = 0.024), 
menopausal status (P = 0.020), histological types (P = 
0.006), and number of variants (P =0.025) were 
selected based on the Cox regression model (Table 8). 

The functional analysis of HER2 
polymorphisms and HER2 expression 

After the population study of HER2 polymorph-
isms, we further investigated the biological function 
of these two SNPs. As shown in Figure 2A and 2B, 
both mRNA level and protein level of HER2 
expression plasmid and its corresponding mutations 
of rs1136201 and rs1058808 displayed that plasmids 

with rs1058808 G allele was associated with higher 
products of HER2 in Hela cell lines (P < 0.001), but 
those with rs1136201 genotype did not influence the 
expression of HER2 (P = 0.198) (Figure 2A and B). 
Based on these consequences, we performed the 
further IHC assay of HER2 in CCa tissues. We firstly 
genotyped the SNP rs1058808 in 157paraffin sections 
of CCa tissues, and the frequency distribution of GG, 
CG, and CC genotype was 58,66 and 33, respectively. 

 

Table 6. Frequency distributions of the combined genotypes of 
rs1136201 and rs1058808 polymorphisms in cervical cancer 
patients, and their correlation to survival of cervical cancer 
patients 

Genotype Patients  
[n=413 (%)] 

Deaths  
[n=156 (%)] 

MST 
(months)a 

Log- 
rank P 

HR (95%CI)b 

Number of risk allelesc 
 0 42 (10.17) 13 (30.95) 51.24 0.014 1.00 (Ref.) 
 1 105 (25.42) 30 (28.57) 56.79  1.12 (0.44-2.82) 
 2 161 (38.98) 57 (35.40) 52.57  1.25 (0.50-3.08) 
 3 93 (22.52) 50 (53.76) 42.85  2.42 (1.02-5.79) 
 4 12 (2.91) 6 (50.00) 45  4.54 (0.42-48.88) 
P trend    0.018  
Recombined groupsc 
 0-2 308 (74.58) 100 (32.47) 53.67 0.009 1.00 (Ref.) 
 3-4 105 (25.42) 56 (53.33) 42.24   1.74 (1.15-2.65) 
a MST: median survival time. b Adjusted for age, age at menarche, age at 
menopause, age at first live birth, smoking status, menopausal status, parity and 
family history of cancer. c The 0–4 represents the numbers of risk alleles within the 
combined genotypes; the risk alleles used for the calculation were the rs1136201 G 
and rs1058808 G alleles. 

 
Figure 1. The Kaplan-Meier survival curves of HER2 polymorphisms. (A). Co-dominant model of rs1136201; (B). Dominant model of rs1058808; (C).Combined 
analysis of rs1136201 and 1058808. 
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Table 7. Stratified analysis of different number of risk alleles 
associated with cervical cancer patients’ survival 

Variables Number of risk allelesa  
(deaths/patients) 

Log- 
rank P 

HR (95%CI)b 

0-2 3-4 
Age (years)          
≤55 50/149 25/49 0.842  0.90 (0.31-2.58) 
>55 48/159 31/56 0.004  2.06 (1.26-3.37) 
Age at menarche (years)        
<15 54/169 21/58 0.020  1.99 (1.11-3.56) 
≥15 46/139 25/47 0.179  1.52 (0.83-2.79) 
Age at menopause (years) c       
<50 27/91 15/28 0.016  1.71 (1.10-2.64) 
≥50 31/81 18/33 0.272  1.38 (0.78-2.44) 
Age at first live birth (years) d       
<25 48/145 24/45 0.017  2.14 (1.15-4.01) 
≥25 50/158 31/59 0.470  1.24 (0.70-2.20) 
Smoking status         
Smoker 2/17 5/10 0.225  5003.51 (0.00-4.70E9) 
Nonsmoker 98/291 51/95 0.045  1.56 (1.01-2.42) 
HPV infection          
Yes 90/265 52/97 0.018  1.69 (1.09-2.61) 
No 10/43 4/8 0.436  2.43 (0.26-22.61) 
Menopausal status         

Premenopausal 41/136 19/44 0.125  1.82 (0.85-3.91) 
Postmenopausal 59/172 37/61 0.052  1.70 (1.00-2.91) 
Parity         

0-1 43/107 17/34 0.993  1.00 (0.45-2.19) 
≥2 57/201 39/71 0.003  2.21 (1.31-3.74) 
Family history of cancer     

Yes 68/205 39/73 0.024  1.76 (1.08-2.86) 
No 32/103 17/32 0.200  1.74 (0.75-4.04) 
Histological types        

CIN3e 2/10 2/2 - - 
Squamous cell 
carcinoma  

92/251 49/93 0.261  1.30 (0.82-2.04) 

Adenocarcinomas 5/40 5/10 0.004  21.12 (2.72-163.66) 
Adenosquamous 
carcinoma 

1/7 0/0 - - 

Stage         
CIN3e 2/3 1/1 - - 
I 30/75 14/26 0.501  1.34 (0.57-3.11) 
II 56/183 31/55 0.008  2.24 (1.23-4.07) 
III 12/44 9/21 0.408  0.53 (0.12-2.41) 
IV 0/3 1/2 - - 
Chemotherapy          

Yes 65/210 34/63 0.167  1.51 (0.84-2.73) 
No 35/98 22/42 0.118  1.76 (0.87-3.59) 
a The 0–4 represents the numbers of risk alleles within the combined genotypes; the 
risk alleles used for the calculation were the rs1136201 G and rs1058808 G alleles. 
b Adjusted for age, age at menarche, age at menopause, age at first live birth, 
smoking status, menopausal status, parity and family history of cancer.  
c Information was available in 91/233 (deaths/patients) postmenopausal women. 
d Information was available in 153/407 (deaths/patients) cases with parity. 
e CIN, cervical intraepithelial neoplasia. 

 

Table 8. Results of stepwise Cox regression analysis of cervical 
cancer survival 

Variables β SE HR 95%CI P 
Smoking status (Nonsmoker vs. Smoker) 0.89  0.39  2.44 1.13-5.29 0.024 
Menopausal status (Postmenopausal vs. 
Premenopausal) 

0.39  0.17  1.48 1.06-2.06 0.020  

Histological types (CIN3a vs. Squamous 
cell carcinoma vs. Adenocarcinomas vs. 
Adenosquamous carcinoma) 

0.56  0.20  1.75 1.71-2.61 0.006 

Number of risky allelesb (3-4 vs. 0-2) 0.38  0.17  1.47 1.05-2.05 0.025 
a CIN, cervical intraepithelial neoplasia. b The 0–4 represents the numbers of risk 
alleles within the combined genotypes; the risk alleles used for the calculation were 
the rs1136201 G and rs1058808 G alleles. 

 

The results of HER2 IHC staining in CCa tissues 
with different genotypes of HER2 rs1058808 was 
shown in Figure 2C. And the corresponding compete-
tion of scores among GG, CG and CC were listed in 
Figure 2D. The dramatic significance between GG, CG 
and CC (average staining score: 6.12 vs. 3.59 vs. 1.79, P 
< 0.001 for One-way ANOVA) also suggested the 
transcriptional function of HER2 rs1058808 in CCa. 

Discussion 
In this study, we have demonstrated that the 

combination of the HER2 exonic SNPs (rs1136201 and 
rs1058808) was significantly associated with cervical 
carcinogenesis in the Chinese Han population. 
Besides, AG/GG genotype of rs1136201 conspicuou-
sly impacted the survival time of CCa patients, and 
combined model of above two SNPs also emerged its 
hazard and independence in CCa patients’ survival. 
Therefore, these results have revealed the potential 
predictive and diagnostic values for the HER2 SNPs in 
CCa. 

The HER2 gene, located in the 17th chromosome, 
usually acts as an oncogene and is closely related to 
the dysregulation of cell growth, differentiation, 
migration, and even apoptosis [13, 14]. In the gyneco-
logic oncology, the amplification or over-expression 
of HER2 has been detected in approximately 20% to 
30% of breast cancer patients [15, 16]. In ovarian canc-
er patients, HER2 is also reported to induce poorer 
clinical outcomes and survival [17, 18]. Therefore, 
HER2 testing have become a standard procedure in 
feminine tumors; the corresponding HER2-targeted 
medicines (such as Herceptin or Trastuzumab) is 
provided as specific remedies, and some studies 
demonstrates its significant effects on tumor suppress 
[19-21]. Although evidences haven shown that 
overexpression of HER2 is also present in CCa 
patients [22], the anti-HER2 therapy does not draw 
enough attention. According to a previous report 
from Doo-Yi Ohet al., the treatment of HER2 could be 
considered as a novel and efficient target for CCa, 
especially the patient-derived xenograft model [11]. 

Both rs1136201 and rs1058808 SNPs have been 
deeply investigated for the occurrence, development 
and survival of several carcinomas [23-25]. rs1136201, 
also named HER2 Ile655Val, locates within a consen-
sus sequence that encodes the TM helix segment's 
N-terminus. Variant of rs1136201 might lead to 
destabilization of the active HER2 heterodimers, 
consequently increases signal transduction for HER2 
expression, and finally stimulates kinase activity and 
malignant transformation [26, 27]. Although the 
function of HER2 exonic polymorphism is clear, the 
association between HER2 SNP rs1136201 and CCa is 
still controversial [28,29]. Our results show that rs1136 
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201 alone does not significantly influence the risk of 
CCa, which coincide to the previous report in a 
Japanese population [28]; however our results do not 
align with the population in Poland [29]. Such differ-
ence might be due to the distinction of Asian and 
Caucasian populations. As for the combined effect of 
rs1136201 and rs1058808, the patients with three or 
even more variants showed significantly higher risk 
of CCa (P = 0.028, OR = 1.70, 95%CI = 1.06-2.74 in 
Table 4). This finding suggests that there might be 
synergistic interaction between these two SNPs. 

For the survival of CCa, we have demonstrated 
that patients with rs1136201 AG/GG genotypes 
(1.53-fold, MST = 44.28) had significantly higher 
mortality rate and shorter survival time. And patients 

with such genotype with 3-4 
variants of rs1136201 and rs1058808 
face further risk of CCa, especially 
in adenocarcinomas (HR = 21.12). 
The Cox regression analysis of CCa 
has also identified the role of joint 
genotypes of HER2 polymorphisms, 
which could be a potential indicator 
for poor CCa survival. However, the 
HPV infection is not a significant 
factor according to the results of Cox 
regression, which suggests that 
HPV infection is an incentive for the 
onset of CCa but not an important 
(oreven determinant) factor for the 
CCa survival. 

In functional analysis, the 
corresponding assays displayed that 
the variant of G allele of rs1058808 
significantly decreased the 
expression of HER2 in both mRNA 
level and protein level, but variant 
of rs1136201 did not emerge any 
strong transcriptional activity 
(Figure 2A and B). These results 
partly coincided with the data 
reported by Suet al. [30]. Beyond our 
expectations, the combine effect of 
rs1058808and rs1136201 did not 
reflect on expressions of HER2 (both 
mRNA and protein levels, Figure 
2A and B), when we transfected 
cells with plasmids including 
different alleles of these two SNPs. 
As some mutations could influence 
the protein dynamics or mis-folding 
instead of the its expression [31-33], 
it was rational to hypothesis that the 
variant of rs1136201 could also 
perform its function in a special 
method. Therefore, the further 

investigation of rs1136201 was expected. Finally, we 
detected the possible signal pathway involving in 
HER2 (Figure 2E), the string software 
(https://string-db.org/) reminded us that the HER2 
was closely associated with GRB7, EGFR, EGF, 
PIK3CA, HRAS, KRAS, PTPN11, CTNNB1, GRB2 and 
BTC genes; a deep research of SNPs on the 
interactivity of these genes will be helpful to 
re-discover the importance of these SNPs, including 
rs1058808 and rs1136201. 

There are, however, some limitations in this 
study. First, all the patients have been recruited in the 
hospital. Thus, the results and conclusions from this 
study should be further validated with larger sample 

 
Figure 2. The functional analysis of HER2 polymorphisms. (A).Expression of HER2 mRNA levels in Hela 
cell lines transfected with different HER2 expression plasmids. (B). Expression of HER2 protein levels in Hela cells 
transfected with different HER2 expression plasmids. (C). Immunohistochemical staining of HER2in human cervical 
cancer tissues with different rs1058802 genotype. (D). Prediction of HER2 possible pathway and corresponding 
associated genes. 
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sizes from other study areas and populations. Second, 
environmental factors, such as diet and physical 
activity, have not been considered in our study 
because of the lack of detailed background 
information of the participants. These factors may also 
influence CCa occurrence and/or survival. Finally, as 
a retrospective hospital-based study, the inherent 
selection bias should not be neglected. 

Conclusion 
In conclusion, this study demonstrated that CCa 

risk was associated with either HER2 polymorphism 
(rs1136201 and rs1058808) alone, but the combination 
of these two SNPs significantly aggravated the onset 
of CCa. Besides, combination of rs1136201 and 
rs1058808 significantly jeopardized the survival of 
CCa patients, and would further reduce CCa survival 
rate and shorten MST. 
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