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Abstract: The genetic or abnormal activation of PI3K/PTEN signaling pathway play an important role with regard to 
disease progression in variety of human malignancies. Experimental and epidemiologic studies indicated that the 
genetic polymorphisms in the PTEN, PI3K genes are associated with cancer risk, yet little evidence exists for those 2 
genes and colorectal cancer (CRC) risk. To address this, we evaluated whether PTEN rs701848, PIK3CA rs2699887 
variants are associated with CRC susceptibility, clinicopathological parameters and clinical outcomes in CRC pa-
tients treated with FOLFOX (Oxaliplatin, Leucovorin, 5-Fluorouracil) regimen. A case-control study was performed 
in 780 CRC patients and 764 healthy controls using the TaqMan assay method. A significant increased risk of CRC 
was observed in patients carrying PTEN rs701848 TC or CC genotype (adjusted OR=1.306, 95% CI=1.030-1.655, 
P=0.027; adjusted OR=1.543, 95% CI=1.148-2.075, P=0.004, respectively), TC/CC genotype (adjusted OR=1.367, 
95% CI=1.090-1.714, P=0.043) in the dominant model, and C allele (adjusted OR=1.229, 95% CI=1.067-1.416, 
P=0.004). However, no association was detected between rs2699887 in the PIK3CA gene and CRC risk. A signifi-
cant association was found between pathological grade (Dukes A and B vs. Dukes C and D) and PIK3CA rs2699887 
genotypes. Furthermore, Kaplan-Meier analysis revealed that PTEN rs701848 genotypes were significantly associ-
ated with the overall survival (OS) of CRC patients treated with FOLFOX regimen (n=780). Individuals carrying PTEN 
rs701848 TC or TC/CC genotypes showed significantly longer median survival time (MST) than TT genotype and 
significant hazard ratio (TC: adjusted HR=0.523, 95% CI=0.325-0.840, P=0.007; TC/CC: adjusted HR=0.545, 95% 
CI=0.351-0.845, P=0.007). Therefore, rs701848 polymorphism in the PTEN gene is associated with susceptibility 
to CRC, and C allele of rs701848 showed significant independent better prognosis of CRC patients treated with 
FOLFOX regimen. These results indicate that rs701848 in the PTEN gene might be a candidate pharmacogenomic 
factor to assess the susceptibility and prognosis in CRC patients. 
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Introduction

In China, Colorectal cancer (CRC) is the most 
common gastrointestinal tract malignancy with 
almost 400,000 new cases diagnosed per 
annum posing a significant public health bur-
den [1, 2]. Since the change to a western 
dietary pattern in China, the incidence and 
mortality rates of CRC have increased markedly 
[3]. Observational studies lend support to envi-
ronmental factors and genetic factors such as 
germline mutations on colorectal carcinogene-
sis are involved in the pathogenesis of CRC [4, 
5]. Accumulating significant advances have 

been made in understanding the biology of CRC 
carcinogenesis in particular polymorphisms of 
tumor susceptibility candidate genes [6, 7]. 
Moreover, previous studies demonstrated that 
the prognosis of CRC varies considerably even 
among patients with the same stage and receiv-
ing the similar treatment, partially because of 
genetic variants in individuals affecting the 
effectiveness of chemotherapy and clinical out-
comes [8-10]. Hence, a better understanding of 
the genetic risk factors that underlie CRC could 
lead to improved strategies for therapy screen-
ing and prognosis prediction of CRC patients.
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The phosphoinositide-3-kinase (PI3K)/Akt sig-
naling pathway is one of the most important 
kinase cascades and mediates a wide range of 
cellular functions such as survival, prolifera-
tion, migration, differentiation and angiogene-
sis [11]. PI3Ks are family of lipid kinases capa-
ble of phosphorylating the 3’OH of the inositol 
ring of phosphoinositides, which are activated 
by receptor tyrosine kinases such as epidermal 
growth factor receptor (EGFR), vascular endo-
thelial growth factor receptor (VEGFR) and  
insulin-like growth factor receptor (IGFR). 
Phosphatase and tensin homolog (PTEN) gene, 
a tumor suppressor gene located on chromo-
some 10q23, encodes a dual specificity protein 
phosphatase, which negatively regulates PI3K/
AKT signaling [12]. Genetic alterations of the 
genes related to this pathway, including muta-
tions of PI3K and PTEN, facilitate tumorigene-
sis and are common in human cancers [13-17]. 
In the present study, we expanded the explora-
tion to essential components of the AKT signal-
ing pathway comprising PI3K and PTEN. 

More evidences showed that single nucleotide 
polymorphisms (SNPs) of many genes involved 
in influencing individuals’ susceptibility to CRC 
[18, 19]. In light of the critical role of the AKT 
pathway in CRC, it is possible that SNPs in this 
pathway may play an important role in CRC 
development. However, no published study has 
yet addressed the genetic effect of PTEN, 
PIK3CA polymorphisms on the susceptibility 
and prognosis of CRC. Accordingly, in this large 
prospective cohort, we analyzed the functional 
genetic polymorphisms of PTEN rs701848, 
PIK3CA rs2699887 in CRC patients, attempt-
ing to analyze between 2 potentially functional 
SNPs and their impacting on the occurrence of 
CRC and clinical outcomes after FOLFOX 
(Oxaliplatin, Leucovorin, 5-Fluorouracil) regi-
men in a Chinese population.

Materials and methods

Study subjects

Overall, in this case-control study 780 patients 
with CRC and a group of 764 age- and gender- 
matched cancer-free controls were recruited at 
Cancer Hospital (Institute) of Peking Union 
Medical College, Peking, China between 
September 2007 and October 2013. Briefly, 
this cohort was newly diagnosed incident CRC 
patients based on histopathologically con-

firmed. They were consecutively recruited with-
out the restriction of age and gender and were 
without prior history of other cancers or previ-
ous chemotherapy or radiotherapy. The princi-
pal demographic data were obtained from 
interviewer-administered health risk question-
naires or medical records. Tumor differentia-
tion and pathological grade of the CRC patients 
was classified by the World Health Organization 
criteria and staged according to Duke’s criteria. 
All included patients received FOLFOX regimen. 
The FOLFOX regimen consists of oxaliplatin 
(100 mg/m2, iv gtt (2 h), day 1, every 4 weeks), 
leucovorin (200 mg/m2, iv gtt, day 1-day 5, 
every 4 weeks), 5-fluorouracil (500 mg/m2, day 
1-day 5, every 4 weeks). The treatment was 
given until disease progression, or patient’s 
refusal to continue treatment.

In this study, 764 unrelated age- and gender- 
matched healthy controls were recruited from 
individuals who visited the same hospital for a 
physical examination. The cancer-free controls 
had no known medical illness or hereditary dis-
orders, and were not taking any medications. 
Before recruitment, this study was approved by 
the Research Ethics Committee of Peking Union 
Medical College. A standard questionnaire was 
administered through face-to-face interviews 
by trained interviewers to collect demographic 
data and related factors. Each patient donated 
5 mL of venous blood after providing a written 
informed consent. 

Genotyping

Genomic DNA was extracted from a leukocyte 
cell pellet of each blood sample (5 mL) using 
the QIAamp DNA Blood Mini Kit (Dynal Biotech 
(Beijing) Ltd, Beijing, China), and stored at 
-80°C. The genotyping of these 2 SNPs was 
performed using predesigned TaqMan SNP 
Genotyping Assays on the ABI 7500 Real-Time 
PCR platform (Applied Biosystems, Life 
Technologies Corporation, Carlsbad, CA, USA) 
following the manufacturer’s instructions. The 
TaqMan probes were synthesized by Life 
Technology (Shanghai, China). The sequences 
of the primers and probes are listed in Table 
S1. The reaction mixture of 5 mL contained 10 
ng genomic DNA, 2.5 mL of TaqMan Genotyping 
Master Mix, 1.25 mL of the primers and probes 
mix and 1.25 mL of double distilled water. The 
amplification was performed under the follow-
ing conditions: 95°C for 10 min, 45 cycles of 
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95°C for 15 s, 60°C for 60 s and 60°C for 30 s. 
The genotyping rates of these SNPs were all 
above 97%. For quality control, 6 negative con-
trols were included in each plate and 10% of 
the samples were randomly selected for repeat-
ed genotyping for confirmation; and the results 
were 100% concordant.

Statistical analysis

Analysis was performed with SPSS 16.0 for 
Windows (SPSS Inc. Chicago, Illinois, USA). All 
tests were two-sided and P<0.05 was consid-
ered statistical significant. Two-sided χ2 test 
was used to assess differences in distributions 
of demographic, epidemiologic, and clinical 
variables between CRC patients and controls, 
as well as between alleles and genotypes. 

Hardy-Weinberg equilibrium test (HWE) was 
determined using a goodness-of-fit χ2 test to 
compare expected genotype frequencies with 
the observed genotype frequency (p2+2pq+ 
q2=1). Unconditional logistic regression models 
were used to analyze the association between 
the genotypes and CRC susceptibility, and clini-
cal variables. Disease-free survival (DFS) and 
overall survival (OS) were compared with the 
Kaplan-Meier method and the significance was 
determined by the log-rank test. Multivariate 
Cox proportional hazards regression models 
were applied to obtain the adjusted hazard 
ratio (HR) and 95% CI for evaluating the effects 
of clinical variables, genotypes on DFS and OS 
in CRC patients. 

Results

Characteristics of CRC patients and controls

Selected baseline characteristics and clinical 
variables of the CRC patients are presented in 
Table 1. In total, 780 patients with pathologi-
cally confirmed CRC and a group of 764 age- 
and gender- matched cancer-free healthy con-
trols were included in this study. There were no 
significant differences in the distributions of 
gender and age between CRC patients and con-
trols (P=0.544 and P=0.637, respectively). The 
age was matched between CRC patients (range: 
26-75 years old; mean: 58 years old) and con-
trols (range: 28-73 years; mean: 58 years old). 
Among the CRC patients, 56.4% of CRC patients 
were male, and 84.6% of them were in the sta-
tus of ever smoking. Tumor differentiations of 
the majority patients were in grade 2 (G2, mod-
erate, 80.3%), while only 9.5% of them were in 
grade 1 (G1, well). In this included cohort, all 
patients underwent oxaliplatin-based chemo-
therapy (FOLFOX regimen). The clinical vari-
ables of age, gender, smoking status, and first-
degree family history of cancer were adjusted 
for any residual confounding effects in later 
logistic regression analyses. 

Genotype and allele frequencies of PTEN, 
PIK3CA polymorphisms and CRC risk

The frequencies of allelic and genotype distri-
bution for PTEN rs701848, PIK3CA rs2699887 
in both CRC patients and controls are present-
ed in Table 2. Genotype frequencies of 
rs701848 in the PTEN gene, rs2699887 in the 
PIK3CA gene in controls all conformed well to 

Table 1. Baseline characteristics of CRC patients
Variables Patients, N (%)
Age at diagnosis, yrs
    ≤58 361 (46.3)
    >58 419 (53.7)
Gender
    Male 440 (56.4)
    Female 340 (43.6)
First-degree family history of cancer
    No 678 (86.9)
    Yes 102 (13.1)
Smoking status
    Ever 660 (84.6)
    Never† 120 (15.4)
Tumor size (cm)
    ≤3.5  181 (23.2)
    >3.5 599 (76.8)
Tumor differentiation
    Grade 1 (G1, Well) 74 (9.5)
    Grade 2 (G2, moderate) 626 (80.3)
    Grade 3 (G3, poor) 80 (10.3)
Pathological grade
    Dukes A 154 (19.7)
    Dukes B 286 (36.7)
    Dukes C 270 (34.6)
    Dukes D 70 (9.0)
Lymph node metastases
    No 293 (37.6)
    Yes 487 (62.4)
Therapeutic regimens
    FOLFOX regimen 780 (100)
†Defined as ≤100 cigarettes in lifetime.
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Hardy-Weinberg equilibrium (P=0.134, P= 
0.171, respectively). We observed that the 
alleles and genotypes from PTEN rs701848 
genetic variant were statistically associated 
with the risk of CRC. There was statistically 
increased risk of CRC in the genotypes com-
parison (TC vs. TT: adjusted OR=1.306, 95% 
CI=1.030-1.655, P=0.027; CC vs. TT: adjusted 
OR=1.543, 95% CI=1.148-2.075, P=0.004). 
Furthermore, a significant increased CRC risk 
was observed in the dominant model (TC/CC 
vs. TT: adjusted OR=1.367, 95% CI=1.090-
1.714, P=0.007), meanwhile decreased risk in 
the recessive model (TC/TT vs. CC: adjusted 
OR=0.773, 95% CI=0.602-0.993, P=0.044). 
Moreover, compared with the T allele, the C 
allele had a significant increased risk of devel-

oping CRC (T vs. C: adjusted OR=1.229, 95% 
CI=1.067-1.416, P=0.004). However, no signifi-
cant difference was detected between 
rs2699887 of the PIK3CA gene and CRC risk, 
as shown in Table 2.

Association of PTEN, PIK3CA polymorphisms 
and clinical parameters in CRC patients

In the case-only analysis (n=780), we further 
investigated the association between rs701848 
in the PTEN gene and rs2699887 in the PIK3CA 
gene and clinical variables and environmental 
risk factors using two-sided χ2 test and adjust-
ed unconditional logistic regression adjusted 
by age, gender, smoking status, and first-degree 
family history of cancer, outlined in Table 3. We 

Table 2. Frequency distribution of genotypes and their associations with the risk of developing CRC
Genotypes Patients, N (%) Controls†, N (%) P‡ Adjusted OR§ 95% CI§

PTEN rs701848
    TT 186 (23.8) 229 (30.0) 1.000
    TC 421 (54.0) 397 (51.9) 0.027 1.306 1.030-1.655
    CC 173 (22.2) 138 (18.1) 0.004 1.543 1.148-2.075
Dominant model
    TT 186 (23.8) 229 (30.0) 1.000
    TC/CC 594 (76.2) 535 (70.0) 0.007 1.367 1.090-1.714
Recessive model
    CC 173 (22.2) 138 (18.1) 1.000
    TT/TC 607 (77.8) 626 (81.9) 0.044 0.773 0.602-0.993
Allelic frequency (%)
    T allele 50.8 56.0 1.000
    C allele 49.2 44.0 0.004 1.229 1.067-1.416
PIK3CA rs2699887
    GG 596 (76.4) 579 (75.8) 1.000
    GA 173 (22.2) 167 (21.8) 0.959 1.006 0.791-1.281
    AA 11 (1.4) 18 (2.4) 0.173 0.594 0.278-1.268
Dominant model
    GG 596 (76.4) 579 (75.8) 1.000
    GA/AA 184 (23.6) 185 (24.2) 0.773 0.966 0.765-1.221
Recessive model
    AA 11 (1.4) 18 (2.4) 1.000
    GA/GG 769 (98.6) 746 (97.6) 0.171 1.687 0.791-3.595
Allelic frequency (%)
    G allele 87.5 86.7 1.000
    A allele 12.5 13.3 0.515 0.932 0.755-1.151
OR indicates odds ratio; CI, confidence interval; the significance levels are P<0.05 for all the bold values. †The observed 
genotype frequency among individuals in the control group was in agreement with Hardy-Weinberg equilibrium (p2+2pq+q2=1: 
P=0.134 for PTEN rs701848, P=0.171 for PIK3CA rs2699887). ‡P values were calculated by unconditional logistic regression 
adjusted for age, gender, smoking status, and first-degree family history of cancer. §OR and 95% CI values were calculated by 
unconditional logistic regression adjusted for age, gender, smoking status, and first-degree family history of cancer.
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Table 3. Association between genotypes and clinicopathological features in CRC patients

Variables
PTEN rs701848 PIK3CA rs2699887

TT  
N (%)

TC/CC  
N (%) P†,‡ Adjusted  

OR§ 95% CI§ GG  
N (%)

GA/AA  
N (%) P†,‡ Adjusted 

OR§ 95% CI§

Age, years
    ≤58 81 (22.4) 280 (77.6) 0.392† 1.000 286 (79.2) 75 (20.8) 0.086† 1.000
    >58 105 (25.1) 314 (74.9) 0.516‡ 0.895 0.640-1.251 310 (74.0) 109 (26.0) 0.077‡ 1.357 0.968-1.902
Gender
    Male 107 (24.3) 333 (75.7) 0.725† 1.000 334 (75.9) 106 (24.1) 0.708† 1.000
    Female 79 (23.2) 261 (76.8) 0.676‡ 1.074 0.769-1.500 262 (77.1) 78 (22.9) 0.682‡ 0.932 0.666-1.304
First-degree family history of cancer
    No 167 (24.6) 511 (75.4) 0.185† 1.000 512 (75.5) 166 (24.5) 0.129† 1.000
    Yes 19 (18.6) 83 (81.4) 0.130‡ 1.515 0.885-2.593 84 (82.4) 18 (17.6) 0.224‡ 0.713 0.413-1.229
Smoking status
    Ever 151 (22.9) 509 (77.1) 0.137† 1.000 498 (75.5) 162 (24.5) 0.140† 1.000
    Never† 35 (29.2) 85 (70.8) 0.100‡ 0.690 0.444-1.074 98 (81.7) 22 (18.3) 0.161‡ 0.698 0.423-1.154
Tumor size (cm)
    ≤3.5 38 (21.0) 143 (79.0) 0.304† 1.000 132 (72.9) 49 (27.1) 0.208† 1.000
    >3.5 148 (24.7) 451 (75.3) 0.226‡ 0.778 0.519-1.168 464 (77.5) 135 (22.5) 0.265‡ 0.804 0.548-1.179
Tumor differentiation
    Grade 1 13 (17.6) 61 (82.4) 0.183† 1.000 60 (81.1) 14 (18.9) 0.320† 1.000
    Grade 2/Grade 3 173 (24.5) 533 (75.5) 0.176‡ 0.649 0.347-1.214 536 (75.9) 170 (24.1) 0.320‡ 1.363 0.740-2.511
Pathological grade
    Dukes A and B 108 (24.5) 332 (75.5) 0.602† 1.000 348 (79.1) 92 (20.9) 0.045† 1.000
    Dukes C and D 78 (22.9) 262 (77.1) 0.565‡ 1.104 0.789-1.543 248 (72.9) 92 (27.1) 0.040‡ 1.420 1.017-1.984
Lymph node metastases
    No 73 (24.9) 220 (75.1) 0.587† 1.000 220 (75.1) 73 (24.9) 0.499† 1.000
    Yes 113 (23.2) 374 (76.8) 0.700‡ 1.069 0.760-1.504 376 (77.2) 111 (22.8) 0.529‡ 0.896 0.636-1.261
†P values were calculated from 2-sided chi-square tests or Fisher’s Exact Test. ‡P values were calculated by unconditional logistic regression adjusted for age, gender, smoking sta-
tus, and first-degree family history of cancer. §OR and 95% CI values were calculated by unconditional logistic regression adjusted for age, gender, smoking status, and first-degree 
family history of cancer.



Genetic polymorphisms in the PI3K/PTEN pathways & susceptibility to CRC

13319 Int J Clin Exp Pathol 2015;8(10):13314-13322

found that the frequency (27.1%) of the PIK3CA 
rs2699887 GA/AA genotypes in CRC patients 
with pathological grade (Dukes C and D) was 
significantly higher than that (20.9%) in those 
with Dukes A and B (adjusted OR=1.420, 95% 
CI=1.017-1.984, P=0.040), as shown in Table 
3. Furthermore, a tendency towards higher fre-
quency of the PIK3CA rs2699887 GA/AA geno-
types were observed in CRC patients with older 
ages (>58 years old) (26.0%) in comparison 
with those ≤58 years old (20.8%) (adjusted 
OR=1.357, 95% CI=0.968-1.902, P=0.077) 
(Table 3). However, there was no significant 
association detected between the PTEN 
rs701848 and clinical characteristics. 

Effects of PTEN, PIK3CA polymorphisms on 
CRC survival

Multivariate Cox regression analysis and 
Kaplan-Meier analysis were performed to fur-
ther evaluate the correlations between genetic 
polymorphisms of rs701848 in the PTEN gene, 
rs2699887 in the PIK3CA gene and the prog-
nosis of CRC patients after treated with FOLFOX 
regimen chemotherapy (n=780). 

Kaplan-Meier analysis revealed that rs701848 
genotypes in the PTEN gene were significantly 
associated with the OS of CRC patients (log-
rank test: P=0.036 in the genotypes and 
P=0.010 in the dominant model, respectively). 

CRC patients carrying PTEN rs701848 TC or CC 
genotype had a significantly longer OS time (TC 
genotype: median survival time, MST=126 
months, 95% CI=113-140 months, CC geno-
type: MST=82 months, 95% CI=75-90 months, 
respectively) in comparison to the carriers who 
had TT genotype (MST=75 months, 95% CI=57-
94 months), as illustrated in Figure 1A. 
Furthermore, multivariate Cox regression anal-
ysis also established that rs701848 TC geno-
types acted as prognostic factors (TC genotype: 
adjusted HR=0.523, 95% CI=0.325-0.840, 
P=0.007), meanwhile CC genotype showed a 
tendency toward prolonged OS (adjusted 
HR=0.767, 95% CI=0.568-1.035, P=0.083) 
adjusted by age, gender, smoking status, and 
first-degree family history of cancer, outlined in 
Table 4. Additionally, in the dominant model, 
rs701848 TC/CC genotype carriers (MST=126 
months, 95% CI=117-137 months; Figure 1B) 
showed significantly prolonged OS time, and 
verified in multivariate Cox regres sion model 
analysis (adjusted HR=0.545, 95% CI=0.351-
0.845, P=0.007), as illustrated in Table 4. 
However, in this study we did not found signifi-
cant association between the PIK3CK polymor-
phisms and clinical outcomes in FOLFOX treat-
ed CRC patients. 

Discussion 

Mutations or dysregulation of genes involved in 
PI3K/PTEN/AKT pathways have been associat-

Figure 1. The relationship between the PTEN rs701848 polymorphism and CRC prognosis according to Kaplan-
Meier analysis. A. PTEN rs701848 TC, CC genotype had longer overall survival in CRC patients treated with FOLFOX 
regimen (log-rank test: P=0.036); B. PTEN rs701848 TC/CC genotypes had longer overall survival in CRC patients  
treated with FOLFOX regimen (log-rank test: P=0.010).
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ed with invasion, metastasis, and prognosis of 
a variety of cancers, including CRC [20, 21]. 
PTEN, phosphatase and tensin homolog, an 
important regulator of cell cycle progression 
and cellular survival, exerts its tumor suppres-
sor function by acting as a negative regulator 
via the PI3K signaling pathway [22]. Inactivating 
mutations in PTEN gene and activating muta-
tions in PIK3CA gene have been reported to 
occur about 25 and 30% in CRC patients, 
respectively [23, 24]. The role of genetic muta-
tions in these pathways is complex and depen-
dent on interactions with environmental fac-
tors; however evaluation of the role of germline 
mutations in initiation and progression of CRC 
is clearly warranted. Therefore, we for the first 
time performed a case-control study to explore 
systematically the correlation between PTEN 
rs701848, PIK3CA rs2699887 polymorphisms 
and the susceptibility, clinical variables, and 
clinical outcomes of CRC patients after FOLFOX 
chemotherapy. 

In this study, we found that rs701848 variants 
in the PTEN gene were associated with 

increased susceptibility to CRC. Individuals 
with heterozygotes, homozygotes, or variant 
alleles of rs701848 in the PTEN gene showed 
1.2-1.5-fold increased CRC risk. Similarly, Cao 
Q et al. reported that patients with rs701848 in 
the 3’UTR region of PTEN was associated with 
increased renal cell cancer risk (CC vs.TT, 
P=0.014, OR=1.45, 95% CI=1.08-1.96) [25]. 
Another study reconstructed the PTEN haplo-
types according to genotyping data and linka- 
ge disequilibrium status of polymorphisms 
(rs10490920, rs532678, rs701848, and inser-
tion/deletion polymorphism rs3442166 0), and 
found that the T-C-C-del haplotype was associ-
ated with decreased hepatocellular carcinoma 
risk (n=134) [13]. SNP rs701848 of the PTEN 
gene is located at 3’-UTR region, not able to 
change the encoded amino acids; however it 
might influence genetic splicing, protein expres-
sion, regulation of cell cycle, etc. Furthermore, 
the 3’-UTR region targeted by microRNAs might 
alter the strength of microRNAs binding site 
near the SNP rs701848, with consequence on 
regulation of target genes, thereby influencing 
gene regulation and protein expression. 

Table 4. Multivariate COX regression analysis of influencing prognosis factors in the CRC patients with 
postoperative chemotherapy

Variables
RFS OS

Total 
N

Events  
N (%)

Adjusted 
HR† 95% CI† P‡ Total 

N
Events 
N (%)

Adjusted 
HR† 95% CI† P‡

PTEN rs701848

    TT 186 35 (18.8) 1.000 186 34 (18.3) 1.000

    TC 421 84 (20.0) 1.240 0.826-1.861 0.300 421 39 (9.3) 0.523 0.325-0.840 0.007

    CC 173 27 (15.6) 0.989 0.765-1.279 0.932 173 17 (9.8) 0.767 0.568-1.035 0.083

    TC/CC 594 111 (18.7) 1.126 0.764-1.660 0.549 594 56 (9.4) 0.545 0.351-0.845 0.007

PIK3CA rs2699887

    GG 596 113 (19.0) 1.000 596 71 (11.9) 1.000

    GA 173 29 (16.8) 0.880 0.584-1.326 0.542 173 17 (9.8) 0.886 0.520-1.510 0.657

    AA 11 4 (36.4) 1.354 0.820-2.234 0.236 11 2 (18.2) 1.077 0.531-2.186 0.837

    GA/AA 184 33 (17.9) 1.375 0.930-0.629 0.717 184 19 (10.3) 0.958 0.575-1.597 0.869

Age, years

    ≤58 361 69 (19.1) 1.000 361 41 (11.4) 1.000

    >58 419 77 (18.4) 1.113 0.798-1.552 0.527 419 49 (11.7) 1.144 0.748-1.748 0.535

Gender

    Male 440 83 (18.9) 1.000 440 52 (11.8) 1.000

    Female 340 63 (18.5) 1.097 0.788-1.528 0.583 340 38 (11.2) 1.069 0.698-1.639 0.758

First-degree family history of cancer

    No 678 126 (18.6) 1.000 678 74 (10.9) 1.000

    Yes 102 20 (19.6) 0.956 0.591-1.546 0.854 102 16 (15.7) 1.486 0.860-2.568 0.156

Smoking status

    Ever 660 126 (19.1) 1.000 660 80 (12.1) 1.000

    Never 120 20 (16.7) 0.855 0.527-1.388 0.527 120 10 (8.3) 0.531 0.271-1.041 0.065
HR, Hazard Ratio; 95% CI, 95% confidence interval. †Adjusted HR and 95% CI values were assessed using multivariate Cox regression analysis adjusted for age, gender, 
smoking status, and first-degree family history of cancer. ‡P values were calculated by multivariate Cox regression analysis adjusted for age, gender, smoking status, and 
first-degree family history of cancer.
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However, the function of the SNP still needs to 
be further investigated in future studies. In 
addition, no significant difference was deter-
mined between rs2699887 in the PIK3CA gene 
and CRC risk in this Chinese population. 

We further analyzed the relationship between 
polymorphisms of rs701848 in the PTEN gene 
and rs2699887 in the PIK3CA gene with clini-
cal characteristics and environmental risk fac-
tors (smoking status, first-degree family history 
of cancer). We found that the frequency of the 
PIK3CA rs2699887 GA/AA genotypes in CRC 
patients with pathological grade (Dukes C and 
D) was significantly higher, suggesting that 
rs2699887 polymorphism may be involved in 
the development of pathological grade-associ-
ated CRC. This polymorphism may be used as a 
potential marker for identification of the malig-
nant and invasive pathological grade–associ-
ated CRC patients. 

Little is known regarding the polymorphisms of 
rs701848 in the PTEN gene and rs2699887 in 
the PIK3CA gene in terms of the potential 
impact on the CRC clinical outcomes. We fur-
ther investigated the association of these poly-
morphisms with the survival time of CRC 
patients treated with FOLFOX regimen. It is 
worth to noting that the PTEN rs701848 TC 
genotype and TC/CC genotype were related to a 
significantly prolonged OS time. Moreover, mul-
tivariate analysis further confirmed the inde-
pendent prognostic value of rs701848 poly-
morphism in CRC patients treated with FOLFOX 
regimen. On the contrary, Wang X et al. found 
that CC allele of PTEN rs701848 was associat-
ed with the increased risk of recurrence 
(HR=2.06, 95% CI=1.19-3.58) and patient 
death (HR=2.01, 95% CI=1.15-3.53) in gastric 
cancer patients (n=221) [8]. Since the differ-
ence between this study and Wang X et al. may 
be due to different tumors, thus further investi-
gations are warranted to understand the pre-
cise mechanism of this polymorphism involved 
in different tumors.

To our best knowledge, this is the first investi-
gation that we developed the association 
between PTEN rs701848, PIK3CA rs269- 
9887polymorphisms and susceptibility, clinical 
characteristics, and chemotherapeutic out-
comes in a large sample population of CRC 
patients. We provided evidence that PTEN 
rs701848 polymorphisms are associated with 
susceptibility and therapeutic outcome in CRC 
patients treated with FOLFOX therapy in a large 
and well characterized cohort. The data sug-

gested that PTEN rs701848 polymorphisms 
may play an important role in the development 
of CRC, and therefore, may be a vital prognostic 
indicator for CRC, and employed as candidate 
biomarker for the prediction of susceptibility 
and potential-adjuvant in CRC patients for 
FOLFOX therapy in the future.
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Table S1. The sequences of the primers and probes used in the present study
SNPs Primers and probes Sequence (5’-3’)
PTEN rs701848 F CATAGTGCTCCCCCGAGTTG

R CCGCTTAAAATCGTATGCAGTCT
T FAM-ACTAGGGCTTCAATTT-MGB
C HEX-ACTAGGGCCTCAATT-MGB

PIK3CA rs2699887 F GTCTCCGGCACCCACCCGGT
R GGTTAGAGCCGCGGAGCCTGGA
A HEX-TACCGGCCAATCCGCGCTCT-MGB
G FAM-TACCGGCCAGTCCGCGCTCT-MGB


