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Background/Aims: Phosphatase and tensin homolog (PTEN) is a known tumor suppressor
gene that is downregulated in hepatocellular carcinoma (HCC). Here, we investigated the
association between single nucleotide polymorphisms (SNPs) of PTEN and HCC development in
patients with hepatitis B virus (HBV) infection.

Methods: Six SNPs of PTEN at positions rs1234221, rs1903860, rs1234220, rs1903858, rs2299941,
and rs17431184 were analyzed in a development population (417 chronic HBV carriers without
HCC and 281 chronic HBV carriers with HCC). PTEN rs1903858, rs1903860, and rs2299941 SNPs
were further assessed for the development of HCC in a validation population of 200 patients
with HBV-related liver cirrhosis.

Results: In the development population, PTEN rs1903860 C allele, rs1903858 G allele, and
rs2299941 G allele were associated with a low risk of HCC. The haplotype A-T-A-A-A was
associated with an increased risk of HCC (recessive model; odds ratio=2.277, 95% confidence
interval [CI] =1.144-4.532, P=0.019). In the validation population, PTEN rs2299941 G allele was the
only significant protective genetic polymorphism related to HCC development after adjustment
for age and sex (hazard ratio=0.582, 95% Cl =0.353-0.962, P=0.035).

Conclusions: These findings suggest that genetic polymorphisms in PTEN may affect HCC
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most pre-
dominant malignancies worldwide. HCC is the fifth most

common cancer in men, seventh most common in women,
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and third most common cause of cancer-related deaths glob-
ally.1 Hepatitis B virus (HBV) infection is one of the most
significant causes of HCC, and genetic alterations in HBV vi-
rus were reported to be associated with HCC development
and characteristics.”” However, further research on host ge-
netic determinants is warranted for the development of HCC
in patients with chronic HBV infection.

Phosphatase and tensin homolog (PTEN) deleted on chro-
mosome 10 is a well-known tumor suppressor in several
cancer types. PTEN can dephosphorylate phosphoinositide

3-kinase, which in turn regulates protein kinase B Akt ex-
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pression. This regulatory mechanism has downstream effects
on transcription, proliferation, cell survival, invasiveness,
and angiogenesis." PTEN is also linked with several mecha-
nisms related to the p53 tumor suppressor. Through p53 and
other mechanisms, PTEN loss leads to genomic instability.”
Any decrease in PTEN expression was shown to be correlated
with increased tumor grade, advanced disease stage, and
poor prognosis.” PTEN expression is reduced in nearly half
of HCC cases either via mutation or methylation, which may
further reduce its expression.’ At the cellular level, PTEN is a
target in the pathogenic pathway of hepatitis C virus core
protein and HBV X protein.”

Single nucleotide polymorphisms (SNPs) are one of the
most commonly occurring forms of genetic variations in the
human genome. Several SNPs in genes such as p53 and tu-
mor necrosis factor-alpha as well as those related to Wnt/
B-catenin pathway have been associated with the risk of HCC

development.”

However, the effects of PTEN polymor-
phism on HCC risk in patients with chronic HBV infection
have been rarely reported.” In the present study, we evaluat-
ed the relationship between PTEN polymorphism and HCC

risk in two independent chronic HBV infection population.

METHODS
1. Study subjects

This study was conducted with two separate populations
comprising chronic HBV carriers. To investigate the associa-
tion between PTEN polymorphism and HCC, a total of 698 pa-
tients (development population, 417 chronic HBV carriers
without HCC and 281 chronic HBV carriers with HCC) were
enrolled in an observational case-control study. These pa-
tients had visited the outpatient clinics of the Gastroenterol-
ogy Department of Ajou University Hospital between March
2002 and December 2008. Chronic HBV carriers were diag-
nosed as per the positive results for HBsAg and HBV DNA
for more than 6 months. The multiphase computed tomog-
raphy or magnetic resonance imaging of patients diagnosed
with HCC showed key imaging features, including size 21 c¢m,

arterial phase hyperenhancement, and depending on exact
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size, a combination of washout, threshold growth, and cap-
sule appearance. Liver biopsy was performed for diagnosis in
cases wherein these criteria were absent but HCC or other
malignancy was considered probable.” In addition, to vali-
date the association between PTEN SNPs and HCC develop-
ment, we enrolled a retrospective population comprising 200
patients (validation population) with HBV-associated liver
cirrhosis. Liver cirrhosis was defined with histological infor-
mation or ultrasonographic findings associated with cirrhosis
(spleen size, >12 cm; portal vein, >16 mm; nodules within
the hepatic parenchyma)." These patients had started 0.5 mg
entecavir between September 2006 and November 2012 and
received entecavir treatment for at least 6 months. Patients
were monitored every 3 to 6 months for the development of
HCC until February 2015. Patients that developed HCC
within 6 months were excluded from the study. All investiga-
tions performed in the present study were conducted in ac-
cordance with the guidelines of the 1975 Declaration of Hel-
sinki. Informed consent was obtained from all participants,
and the study protocol was approved by the Institutional Re-
view Board of Human Research of Ajou University Hospital
(GN3-08-030).

2. DNA preparation

Blood samples were stored at -80°C until analysis. Genomic
DNA was purified with G-DEXTM blood genomic DNA pu-
rification kit (Intron Biotechnology Inc., Seongnam, South
Korea) and quantified using PicoGreen double-stranded
DNA quantification reagent as per the standard protocol
(Molecular Probes, Eugene, OR, USA). PicoGreen working
solution was prepared (1:200 dilution) in Tris-EDTA buffer
(pH 8.0). The A DNA standard and samples were mixed with
PicoGreen working solution and incubated at 25°C for 5 min-
utes. Plates were read using Victor™ 3 multi-label counter
(excitation 480 nm and emission 520 nm; PerkinElmer Inc.,
Waltham, MA, USA). A standard DNA concentration curve

was generated using known A DNA concentrations.
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3. Genotyping

The validated SNPs in PTEN were identified using a public
SNP database (http://www.ncbi.nlm.nih.gov/projects/SNP/).
For the development population, we chose six SNPs with mi-
nor allele frequency =>5% and 1°>0.8, as per the literature
review. Thus, we analyzed the SNPs at six polymorphic sites,
namely, positions rs1234221 (A to C substitution), rs1903860
(T to C substitution), rs1234220 (A to G substitution),
rs1903858 (A to G substitution), rs2299941 (A to G substitu-
tion), and rs17431184 (T to C substitution) (Table 1). Geno-
typing was performed using GoldenGate genotyping assay kit
according to standard protocols (Illumina Inc., San Diego,
CA, USA) as previously described."” Signal intensities were
extracted and analyzed using BEADSTUDIO software ver.
3.0.22 (Illumina Inc.). For the validation population, we se-
lected three SNPs (rs1903860, rs1903858, and rs2299941)

based on the results from the development population.

4, Statistical analysis

Statistical analysis was performed using IBM SPSS ver.
22.0 (IBM Corp., Armonk, NY, USA). Maintenance of Har-
dy-Weinberg equilibrium for each SNP was investigated to
determine any deviation in genotype frequency using ” tests.
Genetic models used in association testing were the co-dom-
inant, dominant, and recessive models.

We analyzed the association between genotype and HCC
presence using a multiple logistic regression model by con-
trolling for covariates such as age and gender. In this analysis,

chronic HBV carriers without HCC were regarded as the

Table 1. SNP information of PTEN analyzed in this study

control group, while their analysis results were compared
with those of HBV-associated patients with HCC. For the
validation population, the association between HCC devel-
opment and genotype was analyzed using multivariate Cox
regression analysis.

The presence of a linkage disequilibrium (LD) block of
SNPs was confirmed using HAPLOVIEW software (version
4.0; http://www.broad.mit.edu/mpg/haploview). Individual
haplotypes were inferred using the EM algorithm with the
SAS haplotype procedure. Haplotype analysis was performed
using multiple logistic regression. All statistical tests were
two-tailed and statistical significance was set at £<0.05. For
more precise estimates, statistical computation was used to
determine P values of Fisher’s exact test with Monte Carlo

simulation (number of iteration=100,000).

RESULTS
1. Patients characteristics

Baseline demographic and clinical parameters of develop-
ment population were shown as chronic HBV carriers with-
out HCC and patients with HBV-associated HCC (Table 2).
Patients with HCC were older than chronic HBV carriers
without HCC, and men predominated both groups. Clinico-
pathologic characteristics that estimated the severity of can-
cer among the enrolled patients with HCC are depicted in
Table 2. Serum levels of alpha-fetoprotein greater than 400
ng/mL were detected in approximately one-third of patients.
In total, 108 patients (44.5%) had HCC larger than 5 cm in

diameter, and 77 patients (31.8%) exhibited vascular inva-

Gene Reference sequence HWE Major Minor Location Position
PTEN (—7748A/C) 151234221 0.048 A C 10g23.31 Downstream
PTEN (—4017C/T) rs1903860 0.006 T C 10g23.31 3-UTR
PTEN (INT1) 151234220 0.109 A G 10923.31 Intron

PTEN (IVS1-97A/G) rs1903858 0425 A G 10g23.31 Intron (boundary)
PTEN (IVS5) 152299941 0.008 A G g0g23.31 Intron

PTEN (IVS7-400C/T) 1517431184 <0.001 T C 10923.31 Intron

SNP, single nucleotide polymorphism; PTEN, phosphatase and tensin homolog; HWE, Hardy—Weinberg equilibrium.
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sion. About half of patients (54.2%) presented advanced tu-
mor stage (modified Union for International Cancer Control
stage 111 + IV).

Baseline characteristics of validation population are shown
in Table 3. About one-third of the validation population was
detected positive for hepatitis B e-antigen, and 20% patients
had decompensated cirrhosis. In total, 41 patients from the
validation population developed HCC during the course of
entecavir therapy. The mean HCC size was 2.8+2.4 cm, while
the mean number of HCC was 1.3£0.5.

2. Genotype distribution and haplotype con—
struction

The observed genotype frequencies of all six SNPs of
PTEN in patients with HCC as well as chronic HBV carriers
without HCC were in agreement with the Hardy—Weinberg
equilibrium (P>0.05). These SNPs were analyzed for LD, and
their haplotypes were constructed. From EM algorithm, four
common haplotypes, namely, htl (A-C-A-G-G), ht2 (A-T-
A-A-A), ht3 (C-T-A-A-A), ht4 (A-T-G-G-A), and another

Table 2. Baseline characteristics of the development population

Development population

A Chronic HBV Chronic HBV
carriers with carriers without
HCC (n=281) HCC (n=417)
Age (years) 53.6+10.2 397 +£96
Male 215 (76.5) 334 (80.1)
Alpha fetoprotein
>400 ng/mL 87 (36.0)
Tumor size
>5cm 108 (44.6)
Major vessel invasion 77 (31.8)
Tumor stage (modified
uIco)
| 27 (11.2)
[ 84 (34.7)
11 87 (36.0)
\Y 44.(18.2)

Values are presented as mean + standard deviation or number (%).
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; UICC, Union for
International Cancer Control.
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rare haplotype (ht5) at rs1234221, rs1903860, rs1234220,
11903858, and 152299941 positions of PTEN were estimated.
The values of LD coefficient (D') ranged from 0.859 to 1.000,
and those of 1” ranged from 0.046 to 0.811. The most com-
mon haplotype was htl (A-C-A-G-G) (Fig. 1A). For the vali-
dation population, four common haplotypes T-A-A, C-G-G,
T-G-A, and G-G-A at 151903860, rs1903858, and rs2299941
positions were estimated. The values of (D') ranged from
0.986 to 1.000, while those of r* ranged from 0.553 to 0.833
(Fig. 1B).

3. Association between genotype/haplotype
frequency and presence of HCC in the devel—
opment population

The relationship between development of HCC and geno-
type/haplotype frequencies of the six SNPs in PTEN was in-
vestigated among chronic HBV carriers (Table 4). PTEN
11903860 C allele was associated with decreased risk of HCC
development (odds ratio [OR]=0.829, 95% confidence inter-
val [CI]=0.428-0.980, P=0.040) in the co-dominant model.
PTEN 151903858 G allele was associated with decreased risk

Table 3. Baseline characteristics of the validation population

Characteristic Total (n=200)

Age (years) 500£85
Male 141 (70.1)
Decompensated cirrhosis 41 (20.4)
Diabetes mellitus 25 (12.4)
HBeAg positivity 67 (33.3)
Albumin (g/dL) 38£07
Bilirubin (mg/dL) 18+18
ALT (IU/L) 146.5 + 275.1
Platelet count (x10°/L) 116.6 + 594
INR 12+£03
AFP (ng/mL) 339+678
HBV DNA (log,,lU/mL) 60+14
Follow-up duration (month) 58.8 (6-100)

Values are expressed as mean + standard deviation; median (range),
or number (%).

HBeAg, hepatitis B e-antigen; ALT, alanine aminotransferase; INR,
international normalized ratio; AFP, alpha-fetoprotein; HBV, hepatitis
B virus.
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of HCC development in the co-dominant and recessive
model (OR=0.534, 95% CI=0.342-0.833, P=0.006 and
OR=0.613, 95% CI=0.406-0.927, P=0.020, respectively). An
association was also reported between PTEN 152299941 G al-
lele and decreased risk of HCC development in the co-domi-
nant model (OR=0.658, 95% CI1=0.436-0.992, P=0.045).
Ht2 (A-T-A-A-A) was associated with increased risk of HCC
(OR=2.277, 95% Cl=1.144-4.532, P=0.019).

4. Association between PTEN genotype/haplo—
type frequency and development of HCC in the
validation population

We evaluated the relationship between PTEN rs1903860,
rs1903858, and 152299941 genotypes/haplotypes and HCC
development using the validation population including pa-
tients with HBV-related liver cirrhosis. Among 200 patients,
41 (20.5%) developed HCC during the follow-up period
(median, 58.8 months; range, 6-100 months). One SNP and

~.
NG
™~
§ 8 § g g3
= = = &8 = L1 L2 D LOD 2
rs1234221 rs1903860 0.859 33.07 0.148
rs1234221 rs1234220 0.893 77 0.027
rs1234221 rs1903858 0.872 55.58 0.237
rs1234221 1$2299941 0.863 265 0.12
rs1903860 rs1234220 1 16.35 0.056
Slock 1 rs1903860 rs1903858 0.993 183.09 0.627
e rs1903860 1s2299941 1 246.21 0.811
ACAGG .302 r$1234220 rs1903858 0.978 24.31 0.106
ATAAA .285 r$1234220 1$2299941 1 12.86 0.046
CTAAA .242
ATGGA 086 rs1903858 1s2299941 1 149.43 0.516
ACAGA .046
ATAGA .021
® CCAGG .013
|
\
2 2 =
& & =4
H S Y
2 B %
L1 L2 D' LoD r2
Block 1 (84 kb)
1 5 rs1903860  rs1903858  0.986 4528 0.657
rs1903860  rs2299941 1 62.58 0.833
rs1903858  rs2299941 1 38.8 0.553
Block 1
TAA 517
CGG .339
TGA .101

CGA .040

Figure 1. Linkage disequilibrium blocks and haplotypes of PTEN. (A) Haplotypes of rs1234221, rs1903860, rs1234220, rs1903858, and rs2299941 in PTEN
and linkage disequilibrium coefficient (D' and r). (B) Haplotypes of rs1903860, rs1903858, and rs2299941 in PTEN and linkage disequilibrium coefficient

(D' and r). PTEN, phosphatase and tensin homolog.
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Table 4. Association between PTEN genotype/haplotype frequencies and HCC development in development cohort

IO Allel Co-dominant’ Co-dominant’ Dominant Recessive®
ele
haplotype OR(95%Cl)  P-value OR(95%Cl)  P-value OR(95%Cl)  P-value OR(95%Cl)  P-value
1s1234221 A>C  0878(0.583-1.322) 0.533 1198 (0.618-2321)  0.593  1.258 (0.661-2.395) 0484  0.939(0.642-1.373)  0.745

( (
rs1903860 T>C  0648(0428-0980) 0.040" 0.880(0.506-1530) 0.651 1087 (0.649-1.820) 0751  0.706 (0.482-1.034)  0.074
151234220 A>G  0.829(0.481-1431)  0.501 1.296 (0.258-6.514)  0.753  1.332(0.266-6.680) 0.727  0.862 (0.510-1456)  0.862
rs1903858 A>G  0534(0342-0.833) 0006 0.804(0479-1349) 0.804 79(0.758-1.834) 0464 13(0406-0927)  0.020"

152299941 A>G  0658(0436-0992) 0.045" 0925(0.503-1.699) 0.801 08(0.619-1982)  0.731 14(0488-1.044)  0.082
1517431184 >C 1105(0671-1535 0944  1085(0.537-2192)  0.821  1.079(0.542-2.150) 0.828  1.029 (0.700-1.511) ~ 0.885
Htl ACAGG 0933 (04921.771)  0.833  0.693 (0.459-1.046) 0.081  0.740 (0 504-1.087)  0.124  1.094(0.592-2.024)  0.773
Ht2 ATAAA 1798 (0.862-3.750) 0118  0.688(0.453-1.045) 0.080  0.778 (0.5 68) 0227 2277 (1144-4532)  0.019"
Ht3 CTAAA  1.298 (0.666-2.528) 0443  0925(0.563-1.519)  0.758  1.034(0.676-1.581)  0.878 19(0.682-2.549) 0411
Ht4 ATGGA  1.360(0.273-6.789)  0.708 32(0.620-2.065)  0.687 55(0.652-2.045)  0.622 41 (0.269-6.679)  0.721
Ht5 Other  5244(0349-78806) 0.231 0944 (0.518-1.721)  0.851  1.012(0.561-1.823) 0970  5275(0.351-79.201)  0.229

These results were adjusted with gender and age.
PTEN, phosphatase and tensin homolog; HCC, hepatocellular carcinoma; OR, odds ratio; Cl, confidence interval.
"Mm versus MM: 'Tmm versus MM: fmm versus MM+Mm; Mm-+mm versus MM "P<0.05.

Table 5. Association between PTEN genotype/haplotype frequencies and HCC development in validation cohort

rs# or Genotype ol o Univariate P-value Multivariate
haplotype Co-dominant  Dominant Recessive P-value

151903860 T 4(34.2) 16 (41.0) 0.678 1.000 0.046 0.459
cT 2 (51.9) 19 (48.7)
CC 2(13.9) 4(10.3)

rs1903858 AA 38 (23.9) 12 (29.3) 0.941 0459 0496 0.681
AG 8 (55.3) 20 (48.8)
GG 3(20.8) 9(22.0)

152299941 AA 2 (39.5) 23 (56.1) 0.192 0.603 0.069 0.035
AG 76 (48.4) 14 (34.1)
GG 9(12.1) 4(9.8)

TAA +/+ 37 (23.6) 11(28.2) 0.955 0.835 0.784 0.628
+/— 87 (55.4) 20(51.3)
—/— 33 (21.0) 8(20.5)

CGG +/+ 19 (12.1) 4(10.3) 0.293 0118 0.661 0.675
+/— 76 (48.4) 14 (35.9)
—/— 62 (39.5) 21 (53.8)

TGA +/+ 0(0.0) 1(2.6) 0.108 0.229 0.060 0.037"
+/— 35(22.3) 10 (25.6)
== 122 (77.7) 28 (71.8)

CGA +/+ 0(0.0) 0(0.0) 0.534 0.534 NA NA
+/— 3(1.9) 2(50)
—/- 154 (98.1) 37(949)

Values are presented as number (%) unless otherwise indicated.
PTEN, phosphatase and tensin homolog; HCC, hepatocellular carcinoma.
"P<0.05.
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one haplotype were associated with low risk of HCC devel-
opment (Table 5). Kaplan-Meier survival estimates revealed
the association between patients with PTEN rs2299941 G al-
lele and low risk of HCC development (P=0.069, Fig. 2).
Furthermore, multivariate analysis showed that patients with
152299941 AG or GG genotype exhibited a lower risk of HCC
development than those with AA genotype (hazard ratio
[HR]=0.582, 95% CI=0.353-0.962, P=0.035). The haplotype
containing rs2299941 A allele (haplotype TGA) was also as-
sociated with increased risk of HCC development in the
multivariate recessive model (HR=8.969, 95% CI=1.146-
70.188, P=0.037). However, the number TGA homozygote

carriers was too small (only one).

DISCUSSION

In the present study, we evaluated the germline polymor-
phism of PTEN for the prediction of HCC development in
patients with chronic HBV infection. In the development
population, PTEN 151903860, rs1903858, and rs2299941
SNPs were associated with the low risk of HCC development.
Further validation of these three SNPs in the HBV-associated
LC population revealed PTEN rs2299941 G allele as the only
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protective genetic polymorphism for HCC development in
Cox regression analysis after adjustment for age and sex. Pre-
vious studies carried out in the Chinese population had not
described PTEN 152299941 SNP as a genetic locus associated
with cancer, especially HCC."'®

PTEN encodes phosphatidylinositol-3,4,5-trisphosphate
3-phosphatase, which contains a tensin-like domain and a
catalytic domain similar to that of dual-specificity protein ty-
rosine phosphatases. Unlike most protein tyrosine phospha-
tases, PTEN preferentially dephosphorylates phosphoinosit-
ide substrates. Furthermore, it negatively regulates intracellular
phosphatidylinositol-3,4,5-trisphosphate levels and functions
as a tumor suppressor by negatively regulating the Akt signal-
ing pathway.” " Previous studies have reported the lower ex-
pression of PTEN mRNA and protein in HCC tissues than in
the adjacent non-tumor tissues.”** Furthermore, PTEN ex-
pression has been related to tumor aggressiveness characteris-
tics such as pathologic grading, presence of cancer thrombus,
lymph node metastasis, and prognosis in patients with
HCC.™*' However, only a few studies have been conducted
on PTEN polymorphism and HCC. In the present study, we
evaluated the novel SNPs of PTEN gene in HCC for the first
time. PTEN 152299941 SNP was the only significant genetic

Haplotype TGA +/+ carrier

0.8

0.6
Haplotype TGA +/- carrier

0.4 -
i
P=0.060 Eamae

0.2

Cumulative probabilities of HCC development

0.0+ -

0
Time (month)

Figure 2. Kaplan-Meier curves of cumulative probabilities of HCC development in the validation population according to (A) PTEN rs2299941 genotype
and (B) haplotype TGA carrier. HCC,, hepatocellular carcinoma; PTEN, phosphatase and tensin homolog.
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polymorphism associated with HCC development in both
development and validation groups and was previously as-
sessed in patients with prostate or endometrial cancer by
other researchers. However, these studies failed to reveal any
association between PTEN polymorphism and cancer.”**
Therefore, the present study is the first report to demonstrate
the relationship between PTEN 152299941 polymorphism
and cancer.

Our study has some limitations. We failed to demonstrate
the direct function of PTEN rs2299941 SNP in HCC carci-
nogenesis. In fact, 12299941 SNP is located within an intron
and does not directly alter the protein-coding sequence of
PTEN. However, the majority of reports on disease-associat-
ed mutations describing the variants that directly alter the
protein-coding sequence of a gene failed to consider other
mechanisms involved in gene function alterations. In cases
where mutations are not found, polymorphism that resides
outside of the coding region may be often overlooked. Such
mechanisms include alteration in gene regulation via disrup-
tion of trans-acting factor(s) and cis-acting sequence-ele-
ment interactions and may result in a pathologic state. A
previous study with haplotype-based approaches reported a
significant association between PTEN SNPs, including
152299941, and Cowden and Bannayan-Riley-Ruvalcaba syn-
dromes.” Here, we validated the predictive ability of PTEN
SNPs in a population of HBV-related liver cirrhosis. The
majority of previous studies on disease-associated mutations
are based on case-control study design. The present study
initially evaluated six candidate PTEN SNPs in a case-control
study design and then validated three PTEN SNPs in a retro-
spective cohort population. This is an important feature of
the current study as compared to previous studies on gene
polymorphism and cancer.

In conclusion, our findings demonstrate the association
between genetic polymorphism in P7EN and HCC develop-
ment in patients with chronic HBV infection. These results
suggest the role of host genetic factors in influencing the oc-
currence of HBV-associated HCC.

http://www.livercancer.or.kr
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