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Summary: Esophageal cancer (EC) is one of the most deadly malignant diseases. Several studies
revealed that variations of the phospholipase C epsilon 1 (PLCEl) gene were associated with EC
susceptibility. PLCE1 is located downstream of the epidermal growth factor receptor (EGFR)
pathway. Presently, the single nucleotide polymorphisms (SNPs) of EGFR/PLCE] genes and
their associations with EC survival remain unclear. In this study, the associations between genetic
variants in the EGFR/PLCE] pathway and prognosis in 124 esophageal squamous cell carcinoma
(ESCC) patients with radical resection were explored. The results showed that CC genotype of
both PLCEI rs17109671 and EGFR rs2072454 was associated with ESCC prognosis. Multivariate
analysis revealed that patients with the two unfavorable genotypes had the worst overall survival
(OS) or disease-free survival (DFS) (HR=6.099, 95%CI=1.903-19.552; HR=3.994, 95%CI=1.49—
10.702, respectively). Additionally, combination of SNPs and tumor stage could better predict
OS (for AUC, 0.774 vs. 0.709) and PFS (for AUC, 0.773 vs. 0.704) than tumor stage alone. In
conclusion, genetic variants of the EGFR/PLCE1 may be predictors of the prognosis of ESCC after
surgery. The individuals with the CC genotype of PLCE1 rs17109671 and EGFR 152072454 should
receive more aggressive treatments.
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Esophageal cancer (EC) is the eighth most
common cancer worldwide, as well as the sixth most
common cause of death from cancer. About 80% of
the cases occur in developing countries, and China
contributed to almost half of the global new EC cases in
201202, There were approximately 223 000 new cases
and 197 200 deaths in China, accounting for 52.8%
of incidence and 49.3% of mortality around the world
in 2012F1, EC has two main histological subtypes,
esophageal squamous cell carcinoma (ESCC) and
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esophageal adenocarcinoma (EAC). In China, 90% of
patients with EC are ESCCM. Despite major advances
in the multimodal approach to the locally advanced
esophageal and junctional cancer, the prognosis of
EC patients treated with curative intent remains poor,
with a five-year survival rate of 20.9% in Chinal®,
and between 20% to 47% in the other countries® °l.
The majority of patients eventually succumb to this
diseasel”, thus early diagnosis and treatment are vital.
However, the present clinical diagnosis, depending
on radiology and endoscopic biopsy, is invasive, and
most patients are at an advanced stage when accurate
diagnosis is attained®. Therefore, it is urgently
important to identify the effective biomarkers for the
early detection of ESCC.

Genome-wide association studies (GWAS) of
ESCC in Chinese populations have indicated that
germline genetic variants in phospholipase C epsilon
1 (PLCEL, 10q23) are related to the risk of ESCC
and the abnormal expression of PLCE1 seems to be
associated with cancer prognosis® 'l Phospholipase
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Ce, encoded by PLCE], is one of the effectors of Ras-
GTP, which is located downstream of the epidermal
growth factor receptor (EGFR) pathway and links Ras
to calcium release and protein kinase C activation!!!l.
Lin et all" reported that EGFR amplification may be
useful in predicting overall survival (OS) in patients
with ESCC. Recent studies indicated that coexpression
of EGFR and periostin or c-Met is more likely to be
of predictive value for ESCC development and poor
progression''* 4. Liao et al'> recently suggested that
single nucleotide polymorphisms (SNPs) in PLCE1
and EGFR genes were associated with TP53 expression
but not with the prognosis in hepatitis B virus-related
hepatocellular carcinoma (HCC) in Chinese patients
in Guangxi. TP53 protein is a key tumor suppressor
and can prevent tumorigenesis and cancer progression.
Although it is currently known that there exists PLCE1
germplasm variation in ESCC, very little is understood
about the somatic changes of PLCE1 or EGFR and
their associations with survival.

Therefore, this study aimed to explore the
association between genetic variants in the EGFR/
PLCEI pathway and prognosis in ESCC patients with
radical resection. Our findings may provide a novel
target for the treatment of ESCC.

1 MATERIALS AND METHODS

1.1 Patients

This is a retrospective study on patients with ESCC
who underwent esophagectomy at Tongji Hospital
of Tongji Medical College, Huazhong University of
Science and Technology, China, between 2010 and
2012. Patients eligible for the analysis were those with
confirmed RO resection and ESCC by pathologists.
The patients with distant metastasis, or who were
given neoadjuvant therapy, or died in perioperative
period were excluded. Tumor stage was determined
by the American Joint Committee in Cancer Staging
Manual (7th edition, 2010). The research protocol
was approved by The Ethics Committee of Huazhong
University of Science and Technology, China. Each
patient signed a written informed consent before
recruitment. Postoperative follow-up was conducted
every 4 months in the first 2 years and every 6 months
afterwards. At each follow-up, clinical information was
collected and physical examination was performed.
The last follow-up was done in May 2015.
1.2 Genotyping Method

Paraffin-embedded (FFPE) tissue samples were
obtained from the Pathology Department of Tongji
Hospital of Tongji Medical College, Huazhong
University of Science and Technology. DNA was
extracted from FFPE tissue using QIAamp DNA FFPE
tissue kits (56404; Qiagen, Germany). By searching in
the 1000 Genomes Project and Ensembl website, all

SNPs that met the criteria of minor allele frequency
(MAF) >0.1 in Southern Han Chinese, locating at 3'-
UTR or 5-UTR or synonymous variant or missense
variant, and r* <0.8 according to linkage disequilibrium
were screened out. Finally nine SNPs were selected.
Genotypes of SNPs were analyzed by Sequenom
MassARRAY®SNP combined with multiple PCR
technique, MassARRAY iPLEX technique and matrix-
assisted laser desorption/ionization-time of flight
(MALDI-TOF).
1.3 Statistical Analysis

Study endpoints included overall survival (OS)
(from the operation day to the last follow-up or death)
and disease-free survival (DFS) (from the operation
day to tumor recurrence). Data analysis was conducted
by SPSS Statistics 24.0 software. Patients were
grouped according to their genotypes. Proportional
hazards model was applied to evaluate hazard ratio
(HR) and 95% confidence intervals (Cls). Multivariate
analysis was conducted to adjust covariance. Receiver
operating characteristic (ROC) curve was generated
to compare the models with and without positive gene
variants. The area under curve (AUC) in each group
was compared using MedCalc statistical software. A
P<0.05 was considered statistically significant.

2 RESULTS

2.1 Patient Characteristics and Prognosis

A total of 124 patients were enrolled, including 98
males and 26 females. Patient characteristics are listed
in table 1. The median age was 59 years (range 40-76
years); 77 (62.1%) patients smoked, and 69 (55.6%)
drank; 47.6% tumors located in the middle segment
and 43.5% located in the lower segment; 50 (40.3%)
patients were in stage II and 25 (20.2%) were in stage
III; 34.7% patients received adjuvant therapy.

The median follow-up time was 38 months (range
1-61 months). During the follow-up period, 38 patients
(30.6%) died, and 46 patients (37.1%) relapsed. The
median OS was 38 months, while the median DFS was
36 months. Multivariate analysis between patient-,
tumor-, therapy-related factors and prognosis showed
that patients in stage Il had decreased OS (HR=6.840,
95%CI=2.688-17.403, P<0.001) and DFS (HR=5.518,
95% CI=2.503-12.164, P<0.001) (fig. 1). Patients at
more aggressive stage received adjuvant therapy, thus
the decreased OS and DFS may be associated with
adjuvant therapy (HR 2.480, 95% CI=1.307-4.706,
P=0.005; HR 2.381, 95% CI=1.332-4.257, P=0.003).
Sex, age, tobacco smoking, alcohol drinking and tumor
location were not significantly associated with the
prognosis of ESCC.

2.2 Effects of PLCE1 and EGFR Genotypes on
Prognosis
The SNPs and their functional consequence minor
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Table 1 Associations of demographics and clinicopathological characteristics with OS and DFS in Chinese ESCC patients

OS DFS
Parameters No.
HR (95% CI) P HR (95% CI) P

Gender

Male 98 1 1

Female 26 0.510 (0.137-1.897) 0.315 0.557 (0.195-1.590) 0.274
Age (years)

<59 61 1 1

>59 63 1.551 (0.772-3.118) 0.218 0.968 (0.514-1.823) 0.921
Tobacco smoking

Never 47 1 1

Ever 77 0.908 (0.429-1.922) 0.801 0.931 (0.455-1.903) 0.844
Alcohol drinking

Never 55 1 1

Ever 69 1.186 (0.545-2.854) 0.667 0.660 (0.324-1.345) 0.253
Tumor location

Upper 11 1 1

Middle 59 1.267 (0.271-5.919) 0.764 1.910 (0.429-8.511) 0.396

Lower 54 2.369 (0.507-11.077) 0.273 2.330 (0.503-10.786) 0.279
Tumor stage

I 49 1 1

I 50 3.189 (1.230-8.269) 0.017 1.734 (0.766-3.930) 0.187

I 25 6.840 (2.688-17.403) <0.001 5.518 (2.503-12.164) <0.001

OS: overall survival; DFS: disease-free survival; ESCC: esophageal squamous cell carcinoma; HR:, hazard ratio; CI: confidence

interval

A ROC curves for OS

1.0 >

,»/“
i
et e
0.8 T
R
R
Bt
e
= 061 e
7] [+ '/'
:ﬂns-:’ 04} / "/'
i/
i
o2k S Tumor stage
’ / —-- Risk genotype
i — Risk genotypes+tumor stage
0.0 ! Il - Il Il Il
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
AUC 95% CI P
Tumor stage 0.709  0.605-0.812
Risk genotype 0.661  0.552-0.770 0.492

Tumor stage+risk genotypes 0.774  0.678-0.870 0.025

B o ROC curves for DFS
_,,—::'/"':
e
e
s e
0.8 F T
:"‘ r
o A'/
s
2 0.6 - R
£ o
b= e
= /. ;
= g 7/
g 04t [/
//
7/
02k 7 Tumor stage
--- Risk genotype
f — Risk genotypes+tumor stage
0.0 ] Il - Il

1 1
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

AUC 95% C1 P
Tumor stage 0.704  0.603-0.805
Risk genotype 0.633  0.526-0.740  0.309

Tumor stage+risk genotypes 0.773  0.681-0.865 0.02

Fig. 1 Receiver operating characteristic (ROC) curves in esophageal squamous cell carcinoma (ESCC) patients
A: ROC curve for the prediction of overall survival (OS) by the tumor stage model, the risk genotypes model, and the combined
tumor stage and risk genotypes model; B: ROC curve for the prediction of disease-free survival (DFS) by the tumor stage model,
the risk genotypes model, and the combined tumor stage and risk genotypes model. P values were identified according to the

area under curve (AUC) of the three different models.

allele frequency (MAF) are listed intable 2. Proportional
hazards model showed that EGFR rs2072454 was
associated with prognosis. Patients with CC genotypes
had decreased OS (P=0.005) and DFS (P=0.016) (table
3). Multivariate analysis adjusted for patient sex, age,
tobacco smoking, alcohol drinking, tumor location
and tumor stage showed that PLCEI rs17109671 and

EGFR 152072454 were associated with the prognosis
of ESCC. Patients with both rs17109671 CC genotypes
and rs2072454 CC genotypes presented decreased
OS (rs17109671: HR=0.334, 95%CI=0.150-0.742,
P=0.007; rs2072454: HR=0.394, 95%CI=0.192—
0.807, P=0.011) and DFS (rs17109671: HR=0.458,
95%CI1=0.219-0.958, P=0.038; rs2072454: HR=0.465,
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Table 2 Genes and SNPs selected for analysis

Gene SNP  Alleles 1 unctional MAF
consequence
PLCEl rs17109671  T/C  Synonymous variant ~ 0.481 (C)
1s2274223 A/G Missense 0.219 (G)

rs11187870  G/C 3 prime UTR variant 0.157 (C)

rs17417407  G/T  Missense 0.105 (T)
EGFR 15884419 G/A 3 prime UTR variant  0.452 (G)
12072454 C/T  Synonymous variant  0.386 (T)
1s7334 C/A 3 prime UTR variant  0.224 (C)
1s2293347 T/C  Synonymous variant ~ 0.224 (T)
rs1050171 G/A _ Synonymous variant  0.124 (A)

SNP: single nucleotide polymorphism; MAF: minor allele
frequency

95%CI=0.243-0.888, P=0.02). The other SNPs were
not significantly associated with prognosis (table 3).
2.3 Combined Effect of SNPs on Prognosis

The CC genotypes of PLCEl rs17109671 or
EGFR 152072454 were defined as ‘“unfavorable”
genotypes because they were associated with decreased
OS and DFS. Patients were divided into three groups
according to their number of unfavorable genotypes.
Multivariate Cox regression analysis showed that
patients with two unfavorable genotypes had the worst
OS (95%CI=1.903-19.552) and DFS (95%CI=1.49—
10.702); patients with one unfavorable genotype had

significantly decreased OS (95%CI=1.264-6.748),
but the DFS (95%CI=0.9-3.914) was not decreased
significantly (table 4).
2.4 Prognosis Prediction Model Based on SNPs and
Tumor Stage

A prognosis prediction model was established
to identify whether combination of SNPs and
tumor stage could better discriminate the prognosis
compared to tumor stage or SNPs alone. According to
the ROC curve analysis, the model with combination
of SNPs and tumor stage showed better capability
of predicting OS (95%CI=0.678-0.870) and DFS
(95%CI=0.681-0.865), compared to the model with
tumor stage alone (OS: 95%CI=0.605-0.812; DFS:
95%CI1=0.603—-0.805).

3 DISCUSSION

The TNM staging system, which is based on
tumor depth (T), regional nodes with metastatic
disease (N) and presence or absence of distant
metastasis (M), is used to predict the prognosis of
patients with cancer. However, the OS of patients with
similar TNM stage varies, which may be attributed to
overlooking the biological or molecular characteristics
of each individual tumor. Our study evaluated the
genetic variants of EGFR/PLCE] and their potential

Table 3 Associations between genotypes and prognosis of patients with ESCC

o (0N DFS
Characteristic n
HR (95% CI) HR (95% CI)

PLCE11rs17109671

CcC 26 1 1

TT+CT 93 0.334 (0.150-0.742) 0.458 (0.219-0.958)
PLCEI rs2274223

AA 67 1 1

GG+AG 57 0.986 (0.481-2.019) 0.994 (0.536-1.843)
PLCEI rs2274223

GG 73 1 1

CC+CG 41 1.032 (0.471-2.258) 1.046 (0.528-2.074)
PLCE1 rs17417407

GG 100 1 1

TT+GT 20 1.616 (0.748-3.492) 1.599 (0.779-3.283)
EGFR rs884419

AA 26 1 1

GG+AG 98 1.524 (0.624-3.721) 1.404 (0.647-3.044)
EGFR rs2072454

cC 43 1 1

TT+CT 81 0.394 (0.192-0.807) 0.465 (0.243-0.888)
EGFR rs7334

AA 77 1 1

CC+AC 44 0.672 (0.311-1.452) 0.621 (0.311-1.238)
EGFR 152293347

CC 55 1 1

TT+CT 66 1.199 (0.600-2.397) 1.241 (0.669-2.304)
EGFR rs1050171

GG 88 1 1

AA+AG 35 1.506 (0.740-3.065) 1.291 (0.672-2.483)
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Table 4 Associations between unfavorable genotypes and prognosis of patients with ESCC

No. of unfavorable No. of (ON] DFS

genotypes patients HR (95% CI) P HR (95% CI) P
0 66
1 47 2.921 (1.264-6.748) 0.012 1.877 (0.9-3.914) 0.093
2 11 6.099 (1.903-19.552) 0.002 3.994 (1.49-10.702) 0.006

Multivariate analyses in this table were adjusted for patient sex, age, tobacco smoking, alcohol drinking, tumor

location and tumor stage.

associations with the prognosis of ESCC patients who
underwent radical resection. The results revealed that
two SNPs, PLCE1 rs17109671 and EGFR 152072454,
were significantly associated with the OS and DFS
of ESCC patients. The CC genotypes of PLCEI
rs17109671 and EGFR rs2072454 were significantly
related to a decreased OS and DFS compared with the
TC/TT genotype. Furthermore, these SNPs combined
with tumor stage showed a cumulative effect on the
prognosis of ESCC patients, and the patients with two
unfavorable genotypes and advanced stage had the
shortest OS and DFS. To the best of our knowledge,
this is the first study to systematically investigate the
association between gene variants of EGFR/PLCEI
pathway and survival in ESCC patients.

PLCEI encodes a phospholipase C enzyme that
mediates the hydrolysis of phosphatidylinositol-
4,5-bisphosphate to generate the Ca?-mobilizing
second messenger inositol 1,4,5-triphosphate and
the protein kinase C-activating second messenger
diacylglycerol!'s !, PLCELI is activated by the Ras and
Rho family GTPases and heterotrimeric G proteins,
and is unique in the phospholipase C family!'®. The
structure of PLCE1 renders it with functions associated
with genome regulation, such as cell growth,
differentiation, apoptosis, and angiogenesis!'® 22, It
has been demonstrated that germline genetic variants
in the susceptibility locus (10g23) of PLCE1 gene were
associated with the risk of ESCCP, Loss of PLCE1
dramatically decreased the invasion and proliferation
capacity of EC cells in vitro. Moreover, such PLCEI
inactivated tumor grafts exhibit significantly decreased
tumor size in mice!?!. Recently, Han et al** reported
that miR-328 suppressed the survival of EC cells by
directly targeting PLCE1. Cui et a/® demonstrated
that PLCE1 functioned as a tumor promoter in ESCC
and was suppressed by miR-145 through inhibition of
PLCE] translation. Nevertheless, the predictive value
of the PLCEI gene variants on the prognosis of ESCC
is still unknown. SNP rs2274223 of PLCE1, a missense
mutation in the coding region, showed a genome-wide
significance in ESCC but cannot be used as a predictive
marker for the survival of ESCC patients in our study,
which was in accordance with the results observed
in the study of Zhou et al®. Shi et al*" reported that
rs17109671 in PLCE1 was significantly associated
with remission, and our study revealed that patients

with CC genotype of rs17109671 had worse survival
than those with CT/TT genotype.

EGFR participates in several essential tumorigenic
mechanisms, such as tumor survival, invasion,
angiogenesis, and metastatic spread. It is currently
a major drug target in cancer treatment. EGFR
overexpression and increased EGFR copy number are
common events in ESCC!¥, EGFR amplification was
significantly associated with advanced pathological
stage and tumor lymph node metastasis in ESCCH?,
Study has reported that rs2072454 in EGFR is
significantly associated with an increased risk of
GC™, In our study, CC genotype of EGFR rs2072454
was associated with worse survival of ESCC.

However, there are several limitations in this
study. As a retrospective study with a relatively small
population, our findings need to be confirmed by large,
multicenter, prospective studies. Due to the substantial
ethnic variation in SNP frequencies, our results, which
were demonstrated in Chinese Han population, should
be validated in different ethnic backgrounds. Moreover,
molecular mechanisms of rs17109671 and rs2072454
are needed to be further studied. Therefore, further
research will be done to discover the impact of SNPs
in the EGFR-PLCE]1 pathway on cancer progression in
our cohort.

In conclusion, genetic variants of EGFR-PLCEI
may be predictors of the prognosis of EC after surgery.
The individuals with the CC genotype of PLCEI
rs17109671 and EGFR rs2072454 should receive more
aggressive treatments and these patients may benefit
from early prediction of an unfavorable prognosis by
genotyping before the initiation of therapy.

Conflict of Interest Statement

The authors declare that there is no conflict of interest
with any financial organization or corporation or individual
that can inappropriately influence this work.

REFERENCES

1 Torre LA, Bray F, Siegel RL, et al. Global cancer
statistics, 2012. CA Cancer J Clin, 2015,65(2): 87-108

2 Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer
incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012. Int J Cancer,
2015,136(5):E359

3  Allemani C, Weir HK, Carreira H, et al. Global
surveillance of cancer survival 1995-2009: analysis



390

Current Medical Science 39(3):2019

10

11

12

13

14

15

16

of individual data for 25 676 887 patients from
279 population-based registries in 67 countries
(CONCORD-2). Lancet, 2015,385(9972):977-1010
Chen WQ, Zheng RS, Zeng HM, et al. The incidence
and mortality of major cancers in China, 2012. Chin J
Can (Chinese), 2016,35(73):1-5

Zeng HM, Zheng RS, Guo YM, et al. Cancer survival
in China,2003-2005: A population-based study. Int J
Cancer, 2015,136(8):1921-1930

Donohoe CL, Reynolds JV, Lysaght J, et al. Neoadjuvant
treatment of locally advanced esophageal and junctional
cancer: the evidence-base, current key questions and
clinical trials. J Thorac Dis, 2017,9(8):697-702

Cox SJ, Sean MO, Coles B, et al. Update on neoadjuvant
regimens for patients with operable oesophageal/
gastrooesophageal junction adenocarcinomas and sq-
uamous cell carcinomas. Curr Oncol Rep, 2017,19(1):7-
18

Bray F, Ferlay J, Soerjomataram I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin, 2018,68(6):394-424

LiWQ, HuN, Burton V, et al. PLCE1 mRNA and protein
expression and survival of patients with esophageal
squamous cell carcinoma and gastric adenocarcinoma.
Cancer Epidemiol Biomarkers Prev, 2014,23(8):1579-
1588

Abnet CC, Freedman ND, Hu N, et al. A shared
susceptibility locus in PLCE1 at 10q23 for gastric
adenocarcinoma and esophageal squamous cell
carcinoma. Nat Genet, 2010,42(9):764-768

Normanno N, Tejpar S, Morgillo F, ef al. Implications
for KRAS status and EGFR-targeted therapies in
metastatic CRC. Clin Oncol, 2009,6(9):519-527

Lin G, Sun XJ, Han QB, et al. Epidermal growth factor
receptor protein overexpression and gene amplification
are associated with aggressive biological behaviors
of esophageal squamous cell carcinoma. Oncol Lett,
2015,10(2):901-906

Huang J, Fan QG, Lu P, er al. Icotinib in patients
with pretreated advanced esophageal squamous cell
carcinoma with EGFR overexpression or EGFR gene
amplification: a single-arm, multicenter phase 2 study.
J Thorac Oncol, 2016,11(6):910-917

Jia W, Wang W, Ji CS, et al. Coexpression of periostin
and EGFR in patients with esophageal squamous cell
carcinoma and their prognostic significance. Onco
Targets Ther, 2016,9:5133-5142

Liao XW, Han CY, Qin W, et al. Genome-wide
association study identified PLCE1-rs2797992 and
EGFR-1rs6950826 were associated with TP53 expression
in the HBV-related hepatocellular carcinoma of Chinese
patients in Guangxi. Am J Transl Res, 2016,8(4):1799-
1812

Bunney TD, Katan M. Phosphoinositide signalling

17

18

19

20

21

22

23

24

25

26

27

28

29

in cancer: beyond PI3K and PTEN. Nat Rev Cancer,
2010,10(5):342-352
Gresset A, Sondek J, Kendall H, et al. The Phospholipase
C Isozymes and Their Regulation, in Phosphoinositides
I: Enzymes of Synthesis and Degradation. Springer,
2012,6(3):61-94
Dusaban SS, Purcell NH, Rockenstein E, et al.
Phospholipase Ce links G protein-coupled receptor
activation to inflammatory astrocytic responses
carcinoma. PNAS, 2013,110(9):3609-3614
Wing MR, Bourdon DM, Harden TK, et al. PLC-
epsilon: a shared effector protein in Ras-, Rho-, and
G alpha beta gamma-mediated signaling. Mol Interv,
2003,3(5):273-280
Wu C,HuZ, He Z, et al. Genome-wide association study
identifies three new susceptibility loci for esophageal
squamous-cell carcinoma in Chinese populations. Nat
Genet, 2011,43(7):679-684
Wang LD, Zhou FY, Li XM, et al. Genome-wide
association study of esophageal squamous cell
carcinoma in Chinese subjects identifies a susceptibility
locus at PLCE1. Nat Genet, 2010,42(9):759-763
Cui XB, Chen YZ, Pang XL, et al. Multiple
polymorphisms within the PLCE1 are associated with
esophageal cancer via promoting the gene expression in
a Chinese Kazakh population. Gene, 2013,530(2):315-
322
Zhai SC, Liu C, Zhang LC, et al. PLCEl Promotes
Esophageal Cancer Cell Progression by Maintaining
the Transcriptional Activity of Snail. Neoplasia,
2017,19(3):154-164
Han N, Zhao WC, Zhang ZM, et al. MiR-328
suppresses the survival of esophageal cancer cells by
targeting PLCEL. Biochem Biophys Res Commun,
2016,470(1):175-180
Cui XB, Li S, Li TT, et al. Targeting oncogenic PLCEI
by miR-145 impairs tumor proliferation and metastasis
of esophageal squamous cell carcinoma. Oncotarget,
2015,7(2):1777-1795
Zhou MR, Li Y, Wang N, et al. Phospholipase C &-1
gene polymorphisms and prognosis of esophageal
cancer patients from a high-incidence region in northern
China. Mol Clin Oncol, 2018,8(1):170-174
Shi YY, Yuan YG, Xu Z, et al. Genetic variation in the
calcium/calmodulin-dependent protein kinase(CaMK)
pathway is associated with antidepressant response in
females. J Affect Disord, 2012,136(3):558-566
Nicholson RI, Gee JIMW, Harper ME, et al. EGFR and
cancer prognosis. Eur J Cancer, 2001,37:9-15
Zhang JF, Zhan Z, Wu J, et al. Association among
polymorphisms in EGFR gene exons, lifestyle and risk
of gastric cancer with gender differences in Chinese
Han subjects. PLoS One, 2013,8(3):¢59254

(Received Nov. 5, 2018; revised Dec. 24, 2018)



