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Abstract: Purpose: Our study was carried out to explore the relationship of PIK3CA rs17849071 and rs17849079 
polymorphisms with the susceptibility to hepatocellular carcinoma (HCC) in Chinese Han population. Methods: 150 
HCC patients and 152 healthy individuals were recruited in the case and control groups respectively. The genotypes 
of PIK3CA rs17849071 and rs17849079 polymorphisms were detected with polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) method. The linkage disequilibrium and haplotypes were analyzed with 
Haploview software. Differences in frequencies of genotypes, alleles, and haplotypes between the case and control 
groups were checked with χ2 test. The controls were matched with the cases in age and gender. The relative risk 
of HCC was represented by odds ratio (OR) and 95% confidence interval (95% CI). Results: Significant difference 
in frequencies of GG genotype and G allele in PIK3CA rs17849071 polymorphism existed between the two groups 
(P=0.040; P=0.028), indicating that rs17849071 was closely related to the increased risk of HCC (OR=2.919, 
95% CI=1.007-8.460; OR=1.642, 95% CI=1.051-2.564). Furthermore, TT genotype also significantly increased the 
susceptibility to HCC (OR=3.438, 95% CI=1.050-11.250) and so was T allele (OR=1.521, 95% CI=1.052-2.199). 
The haplotype analysisshowed that G-T haplotypes were higher in cases than that of controls (P=0.030), which sug-
gested that G-T might be a susceptible haplotype to HCC. Conclusions: The PIK3CA rs17849071 and rs17849079 
polymorphisms may increase the risk of HCC either independently or synergistically.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common malignant tumors all over the 
world. There are about 500,000-600,000 new 
HCC cases every year and one half of them are 
in China, of which Guangxi Province is one of 
the high-incidence areas. HCC patients are 
often diagnosed in advanced stage due to the 
lack of effective early diagnosis. With a short 
disease course and quick development, HCC 
possesses the peculiarity of hardly treatment 
and prone to relapse. Until now, there are still 
no effective therapies for the disease, and the 
5 years survival rate is only 3%~5% [1]. In 
China, the incidence of HCC ranks the fourth 
place among malignant tumors; and the mor-
tality is second only to lung cancer. The occur-
rence and development of HCC are related to 
various genetic and environmental factors, and 
the disease itself involves multiple factors and 

stages. However, the specific molecular mecha-
nism of HCC is still not very clear.

Phosphatidylinositol 3-kinase (PI3K) belongs to 
the lipid kinase family. PI3K-AKT is an impor-
tant signal pathway for the adjustment of cellu-
lar functions, and its functions are closely relat-
ed to cell proliferation, survival, activity, 
adhesion and differentiation as well as the 
restructure of cell framework and the intracel-
lular transportation [2]. PIK3CA, PI3K catalytic 
alpha polypeptide gene, encodes p110α cata-
lytic subunit of PI3K [3]. Current studies have 
shown that PIK3CA gene amplifies and overex-
presses in ovarian cancer, and has a high muta-
tion rate (average 25%-30%) in colon, cerebral, 
breast, gastric, and liver cancers [4-7]. Kang et 
al. have found that PIK3CA is an oncogene 
related to many tumors [8]. Many recent reports 
have indicated that the mutations of PIK3CA 
gene commonly occur in thyroid cancer, breast 
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cancer, lung cancer, gastric cancer, HCC, pan-
creatic cancer, endometrial cancer, and ovarian 
cancer [9-17].

PIK3CA gene mutations in different types of 
tumors show the important role. However, few 
of the studies at home investigated the genetic 
changes of PIK3CA in HCC. To explore the rela-
tionship between the onset of HCC and heredi-
ty, we studied the association of two single 
nucleotide polymorphisms (SNPs) in PIK3CA 
with HCC occurrence from the perspective of 
genetic polymorphisms.

Materials and methods

Research subjects

In this case-control study, 150 HCC patients 
(89 males and 61 females) hospitalized in 
Shandong Provincial Hospital Affiliated to 
Shandong University during 2010 to 2014 were 
selected in the case group. Their age was 
among 37-65 years old with an average age of 
53.52±9.86. 152 healthy individuals (95 males 
and 57 females) aged 35-62 were enrolled in 
the control group with an average age of 
51.69±10.32. The HCC patients confirmed by 
pathology and underwent no radiotherapy or 
chemotherapy before operation. The 150 
healthy individuals selected from the health 
examination center of the hospital had normal 
liver functions, blood sugar concentration, and 
blood lipid concentration, and had no family 
history of tumors or such liver diseases as hep-
atitis and cirrhosis. The individuals in the con-
trol group were randomly collected with the 
same ethnicity, place and duration of resi-
dence, and the age difference between two 
groups was less than five years. Differences in 
age, gender, ethnicity, and native place between 
two groups were not significant through statisti-
cal test (P>0.05). All participants were not 
related by blood. Our study obtained the 
approval from the Ethics Committee of 
Shandong Provincial Hospital affiliated to 
Shandong University and the written informed 
consensus from every subject. The sample col-
lection was conducted in accordance with the 
national ethical principles of human genome 
research.

DNA extraction and PCR amplification

DNA extraction: HCC tissues surgically removed 
were preserved at -80°C. Sample DNA was 

extracted with standard methods strictly 
according to the instructions of the kit (Beijing 
Tiangen Biotech Company). The extraction was 
carried out on ice.

PCR amplification: The following forward and 
reverse primers of each SNP were synthesized 
by Shanghai Sangon Biotech Co., Ltd.: 
rs17849071 primers: forward: GATTGGTTCTTT- 
CCT-GTCTCTG and reverse: CCACAAATATCA- 
ATTTACAAC-CATTG; rs17849079 primers: for-
ward: 5’-CCAGAACTACAATCTTTTGATGACA-3’ 
and reverse: 5’-CCAGAACTACAATCTTTTGATGA- 
CA-3.

The PCR amplification was conducted using 
high-fidelity DNA polymerase 2 Mixster Taq 
enzyme (Dalian Takara Biotech Company). The 
PCR for PIK3CA rs17849071 and rs17849079 
polymorphisms was performed in a total vol-
ume of 25 µl solution, containing 12.5 µl PCR 
Master Mix, each of 0.5 µl forward and reverse 
primers, 1.0 µl template DNA, and the rest vol-
ume of tri-distilled water. Different amplifica-
tion conditions were adopted for the two SNPs: 
(1) rs17849071: initial degeneration at 95°C 
for 3 min, 30 cycles of 95°C for 40 s, 54°C for 
40 s and 72°C for 40 s, followed by extension 
at 72°C for 5 min; (2) rs17849079: initial 
degeneration at 95°C for 5 min, 30 cycles of 
95°C for 30 s, 54°C for 30 s and 72°C for 45 s; 
and extension at 72°C for 5 min. The PCR 
amplification products were bi-directionally 
sequenced with DNA automatic sequencer.

Statistical analyses

The χ2 test was performed with PASW Statistics 
18.0 software to compare the differences in 
genotypes and alleles frequencies of PIK3CA 
rs17849071 and rs17849079 polymorphisms 
between the case and control group (statistical 
significance existed only when P<0.05). Linkage 
disequilibrium and haplotypes were analyzed 
with Haploview software. Hardy-Weinberg 
Equilibrium (HWE) test was performed in the 
control group with PLINK 1.07 software. The 
relative risk of HCC was represented by odds 
ratio (OR) and 95% confidence interval (95% CI) 
calculated by the χ2 test.

Results

Basic characteristics of research subjects

The distributions of PIK3CA rs17849071 and 
rs17849079 polymorphisms accorded with 
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HWE in both the case and control group. The 
goodness of fit of HWE was fine in the control 
group (P>0.05), which showed that the controls 
were in an equilibrium state and had good 
representativeness.

Relationship between genotypes and alleles of 
PIK3CA polymorphisms and risk of HCC

The genotype distributions of PIK3CA rs178- 
49071 and rs17849079 polymorphisms (Table 
1) showed that the frequency of GG genotype in 
rs17849071 polymorphism was significantly 
higher in the case than control groups, and that 
the difference was statistically significant 
(P=0.040), indicating that GG genotype might 
be a susceptible genotype to HCC (OR=2.919, 
95% CI=1.007-8.460). Meanwhile, TT genotype 
in rs17849079 also increased HCC risk 
(OR=3.438, 95% CI=1.050-11.250). Further- 
more, the rare alleles G and T of rs17849071 
and rs17849079 polymorphisms respectively 
were more frequent in cases than in controls, 

Discussion

55% of new HCC cases across the world occur 
in China, that is, more than 300,000 Chinese 
people are diagnosed with HCC each year. With 
a hidden onset, HCC is usually diagnosed at an 
advanced stage, and there are no effective 
treatments for it yet. Therefore, it is especially 
important to carry out studies on HCC patho-
genesis in China. Previous studies have shown 
that HCC may be related to various factors, 
including the infection of hepatitis B virus (HBV) 
and hepatitis C virus (HCV), cirrhosis, aflatoxin, 
smoking, drinking and other environmental fac-
tors [18]. However, among different individuals 
who are similarly exposed to the above risk fac-
tors, only a part of people suffer from HCC, 
which suggests that the occurrence of HCC 
may be associated with individual sensitivity to 
risk factors.

PIK3CA gene located on chromosome 3q26.3, 
is an oncogene obtained from yeast artificial 

Table 1. Genotype and allele distributions of PIK3CA rs17849071 and 
rs17849079 polymorphisms

Genotype/Allele
Cases 

(n=150) 
(%)

Controls 
(n=152) 

(%)
χ2 P value OR (95% CI)

rs17849071
    TT 106 (70.7) 119 (78.3) - - 1.000 (Ref.)
   TG 31 (20.7) 28 (18.4) 0.552 0.457 1.243 (0.700-2.207)
    GG 13 (8.6) 5 (3.3) 4.206 0.040 2.919 (1.007-8.460)
    T 243 (81.0) 266 (87.5) - - 1.000 (Ref.)
    G 57 (19.0) 38 (12.5) 4.813 0.028 1.642 (1.051-2.564)
rs17849079
    CC 72 (48.0) 90 (59.2) - - 1.000 (Ref.)
    CT 67 (44.7) 58 38.2) 2.368 0.124 1.444 (0.904-2.307)
    TT 11 (7.3) 4 (2.6) 4.601 0.032 3.438 (1.050-11.250)
    C 211 (70.3) 238 (78.3) - - 1.000 (Ref.)
    T 89 (29.7) 66 (21.7) 5.010 0.025 1.521 (1.052-2.199)

which suggested that they 
were closely related to 
HCC onset (OR=1.642, 
95% CI=1.051-2.564; OR= 
1.521, 95% CI=1.052- 
2.199).

Haplotype analysis of 
PIK3CA polymorphisms

Linkage disequilibrium an- 
alysis of PIK3CA rs178- 
49071 and rs17849079 
(Table 2) was conducted 
with Haploview software 
showed that 4 haplotypes 
were formed by two SNPs. 
The association analysis 
between 4 haplotypes and 
HCC risk with SPASS 18.0 
showed that there was sig-
nificant difference in G-T 
haplotype frequency be- 
tween the case and control 
groups (P=0.030), so G-T 
haplotype increased HCC 
risk (OR=2.208, 95% CI= 
1.063-4.588), however, 
the other haplotypes had 
no significant relationship 
with HCC occurrence.

Table 2. Analysis of linkage disequilibrium and haplotypes of 
rs17849071 and rs17849079
Haplotype 
site1-site2

Cases 
(2n=300)

Controls 
(2n=304) χ2 P value OR (95% CI)

T-C 176 212 - - 1.000 (Ref.)
T-T 67 54 3.705 0.054 1.495 (0.991-2.253)
G-C 35 26 3.056 0.080 1.622 (0.940-2.798)
G-T 22 12 4.697 0.030 2.208 (1.063-4.588)
Note: site1: rs17849071; site2: rs17849079.
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chromosome (YAC) DNA with in situ hybridiza-
tion technique. It has many important physio-
logical functions such as regulating the prolif-
eration, differentiation and survival of cells. 
The gene commonly exists in an inactive state, 
and usually cannot be easily detected. It has 
been shown that PIK3CA gene expresses in 
such human organs as brain, oral cavity, lung, 
breast, liver, esophagus, gastrointestine, pros-
tate, cervix, and ovary [19-22]. PI3K is a het-
erodimer consisting of regulatory subunit p85 
and catalytic subunit pllo, and is divided into 
type I, II, and III according to its structure and 
substrate specificity [23]. Among the three 
types of PI3K, the type I PI3K, activated by cell 
surface receptors, is the most widely 
researched type and plays a very important 
role in the development of cancers. The type I 
PI3K is a heterodimer constituted by a catalytic 
subunit p110 and a regulatory subunit p85 
which plays a role in stabilizing the catalytic 
subunit p110 and inhibiting the activity of PI3K 
in dormant cells [24]. Studies show that the 
mutations of PIK3CA gene can not only enhance 
the catalytic activity of PI3Ks, but also cause 
cell canceration [25].

This case-control study investigated the rela-
tion between PIK3CA rs17849071 and 
rs17849079 polymorphisms and HCC risk. 
According to the results, the GG and TT geno-
types in rs17849071 and rs17849079 respec-
tively all increased the risk of HCC. Additionally, 
the rare alleles G and T in these two SNPs had 
significant differences between two experimen-
tal groups, increasing the occurrence of HCC.

Haplotype analysis and linkage disequilibrium 
test were conducted for PIK3CA rs17849071 
and rs17849079 polymorphisms respectively. 
The frequencies of G-T haplotype were higher in 
the case group than in the control group, which 
indicated G-T haplotype might be the suscepti-
ble haplotype to HCC. Combined with the above 
results, the fact that haplotype G-T included 
alleles T and G further showed that the G and T 
allele of rs17849071 and rs17849079 might 
be the susceptible alleles to HCC.

In conclusion, PIK3CA rs17849071 and 
rs17849079 polymorphisms are closely asso-
ciated with the onset of HCC and these two 
polymorphisms play the role on HCC not only 
independently but synergistically. However, the 
sample size of the study was relatively small, so 

the results need to be repeatedly verified by 
further studies with larger sample sizes in other 
independent races or regions in the future so 
as to provide a more scientific basis for the pre-
vention and diagnosis of HCC.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jin-Hua Hu, 
Department of Gastroenterology Surgery, Shandong 
Provincial Hospital Affiliated to Shandong University, 
Jinan 250021, Shandong, China. E-mail: hujinhuav@
sina.com

References

[1] Parkin DM, Bray F, Ferlay J and Pisani P. Global 
cancer statistics, 2002. CA Cancer J Clin 2005; 
55: 74-108.

[2] Cantley LC. The phosphoinositide 3-kinase 
pathway. Science 2002; 296: 1655-1657.

[3] Hirsch E, Lembo G, Montrucchio G, Rommel C, 
Costa C and Barberis L. Signaling through 
PI3Kgamma: a common platform for leuko-
cyte, platelet and cardiovascular stress sens-
ing. Thromb Haemost 2006; 95: 29-35.

[4] Shayesteh L, Lu Y, Kuo WL, Baldocchi R, God-
frey T, Collins C, Pinkel D, Powell B, Mills GB 
and Gray JW. PIK3CA is implicated as an onco-
gene in ovarian cancer. Nat Genet 1999; 21: 
99-102.

[5] Bachman KE, Argani P, Samuels Y, Silliman N, 
Ptak J, Szabo S, Konishi H, Karakas B, Blair 
BG, Lin C, Peters BA, Velculescu VE and Park 
BH. The PIK3CA gene is mutated with high fre-
quency in human breast cancers. Cancer Biol 
Ther 2004; 3: 772-775.

[6] Broderick DK, Di C, Parrett TJ, Samuels YR, 
Cummins JM, McLendon RE, Fults DW, Vel-
culescu VE, Bigner DD and Yan H. Mutations of 
PIK3CA in anaplastic oligodendrogliomas, 
high-grade astrocytomas, and medulloblasto-
mas. Cancer Res 2004; 64: 5048-5050.

[7] Bader AG, Kang S and Vogt PK. Cancer-specific 
mutations in PIK3CA are oncogenic in vivo. 
Proc Natl Acad Sci U S A 2006; 103: 1475-
1479.

[8] Kang S, Bader AG and Vogt PK. Phosphati-
dylinositol 3-kinase mutations identified in hu-
man cancer are oncogenic. Proc Natl Acad Sci 
U S A 2005; 102: 802-807.

[9] Garcia-Rostan G, Costa AM, Pereira-Castro I, 
Salvatore G, Hernandez R, Hermsem MJ, Her-
rero A, Fusco A, Cameselle-Teijeiro J and San-
toro M. Mutation of the PIK3CA gene in ana-
plastic thyroid cancer. Cancer Res 2005; 65: 
10199-10207.

mailto:hujinhuav@sina.com
mailto:hujinhuav@sina.com


PIK3CA polymorphisms and hepatocellular carcinoma

15259 Int J Clin Exp Pathol 2015;8(11):15255-15259

[10] Kawano O, Sasaki H, Endo K, Suzuki E, Hane-
da H, Yukiue H, Kobayashi Y, Yano M and Fujii 
Y. PIK3CA mutation status in Japanese lung 
cancer patients. Lung Cancer 2006; 54: 209-
215.

[11] Li SY, Rong M, Grieu F and Iacopetta B. PIK3CA 
mutations in breast cancer are associated 
with poor outcome. Breast Cancer Res Treat 
2006; 96: 91-95.

[12] Lee JW, Soung YH, Kim SY, Lee HW, Park WS, 
Nam SW, Kim SH, Lee JY, Yoo NJ and Lee SH. 
PIK3CA gene is frequently mutated in breast 
carcinomas and hepatocellular carcinomas. 
Oncogene 2005; 24: 1477-1480.

[13] Li VS, Wong CW, Chan TL, Chan AS, Zhao W, 
Chu KM, So S, Chen X, Yuen ST and Leung SY. 
Mutations of PIK3CA in gastric adenocarcino-
ma. BMC Cancer 2005; 5: 29.

[14] Schonleben F, Qiu W, Ciau NT, Ho DJ, Li X, Al-
lendorf JD, Remotti HE and Su GH. PIK3CA mu-
tations in intraductal papillary mucinous neo-
plasm/carcinoma of the pancreas. Clin Cancer 
Res 2006; 12: 3851-3855.

[15] Prat J, Gallardo A, Cuatrecasas M and Catasus 
L. Endometrial carcinoma: pathology and ge-
netics. Pathology 2007; 39: 72-87.

[16] Velasco A, Bussaglia E, Pallares J, Dolcet X, 
Llobet D, Encinas M, Llecha N, Palacios J, Prat 
J and Matias-Guiu X. PIK3CA gene mutations 
in endometrial carcinoma: correlation with 
PTEN and K-RAS alterations. Hum Pathol 
2006; 37: 1465-1472.

[17] Campbell IG, Russell SE and Phillips WA. PIK-
3CA mutations in ovarian cancer. Clin Cancer 
Res 2005; 11: 7042; author reply 7042-7043.

[18] Zhu K, Moriarty C, Caplan LS and Levine RS. 
Cigarette smoking and primary liver cancer: a 
population-based case-control study in US 
men. Cancer Causes Control 2007; 18: 315-
321.

[19] Woenckhaus J, Steger K, Werner E, Fenic I, 
Gamerdinger U, Dreyer T and Stahl U. Genomic 
gain of PIK3CA and increased expression of 
p110alpha are associated with progression of 
dysplasia into invasive squamous cell carcino-
ma. J Pathol 2002; 198: 335-342.

[20] Ma YY, Wei SJ, Lin YC, Lung JC, Chang TC, 
Whang-Peng J, Liu JM, Yang DM, Yang WK and 
Shen CY. PIK3CA as an oncogene in cervical 
cancer. Oncogene 2000; 19: 2739-2744.

[21] Estilo CL, O-Charoenrat PF, Ngai I, Patel SG, 
Reddy PG, Dao S, Shaha AR, Kraus DH, Boyle 
JO, Wong RJ, Pfister DG, Huryn JM, Zlotolow IM, 
Shah JP and Singh B. The role of novel onco-
genes squamous cell carcinoma-related onco-
gene and phosphatidylinositol 3-kinase 
p110alpha in squamous cell carcinoma of the 
oral tongue. Clin Cancer Res 2003; 9: 2300-
2306.

[22] Imoto I, Yuki Y, Sonoda I, Ito T, Shimada Y, 
Imamura M and Inazawa J. Identification of 
ZASC1 encoding a Kruppel-like zinc finger pro-
tein as a novel target for 3q26 amplification in 
esophageal squamous cell carcinomas. Can-
cer Res 2003; 63: 5691-5696.

[23] Neri LM, Borgatti P, Capitani S and Martelli AM. 
The nuclear phosphoinositide 3-kinase/AKT 
pathway: a new second messenger system. 
Biochim Biophys Acta 2002; 1584: 73-80.

[24] Yu J, Zhang Y, McIlroy J, Rordorf-Nikolic T, Orr 
GA and Backer JM. Regulation of the p85/
p110 phosphatidylinositol 3’-kinase: stabiliza-
tion and inhibition of the p110alpha catalytic 
subunit by the p85 regulatory subunit. Mol Cell 
Biol 1998; 18: 1379-1387.

[25] Rameh LE and Cantley LC. The role of phos-
phoinositide 3-kinase lipid products in cell 
function. J Biol Chem 1999; 274: 8347-8350.


