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Abstract

Background: DNA damage repair genes JWA, XRCC1 and BRCA1 were associated with clinical outcomes and could
convert the response to the cisplatin-based therapy in some carcinomas. The synergistic effects of JWA, XRCC1 and BRCA1
mRNA expression on personalized therapy remain unknown in advanced esophageal squamous cell carcinoma (ESCC).

Methods: We employed quantitative real-time polymerase chain reaction (qPCR) to determine the expression of JWA,
XRCC1 and BRCA1 mRNA in paraffin-embedded specimen from 172 patients with advanced ESCC who underwent the
first-line cisplatin-or docetaxel-based treatments.

Results: High JWA or XRCC1mRNA expression was correlated with longer median overall survival (mOS) in all the
patients (both P < 0.001) or in subgroups with different regimens (all P < 0.05), but not correlated with response rate (RR,
all P > 0.05). Multivariate analysis revealed that high JWA (HR 0.22; 95% CI 0.13-0.37; P < 0.001) or XRCC1 (HR 0.36; 95% CI
0.21-0.63; P < 0.001) mRNA expression emerged as the independent prognostic factors for ESCC patients in this cohort.
But no significant difference in prognostic efficacy was found between JWA plus XRCC1 and JWA alone through ROC
analysis. Further subgroup analysis showed cisplatin-based treatments could improve mOS of patients with low JWA
expression (P< 0.05), especially in those with low BRCA1 expression simultaneously (P< 0.001); while in patients with high
JWA expression, high BRCA1 mRNA expression was correlated with increased mOS in docetaxel-based treatments (P= 0.044).

Conclusion: JWA, XRCC1and BRCA1 mRNA expression could be used as predictive markers in molecular staging
for personalized therapy in patients with advanced ESCC who received first-line cisplatin- or docetaxel-based treatments.
Background
Esophageal cancer was the eighth most common cancer
with rapidly increasing incidence and the sixth leading
cause of cancer-related death worldwide as estimated in
2008 [1]. Despite the progress in the multimodal therapy
with the combination of operation, radiotherapy and
chemotherapy, the overall 5-year survival rate of this dis-
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ease only ranged from 15% to 25% [2,3]. Tailored treatment
based on molecular staging might help to determine the
optimal regimen for the right patients on the right time,
which would contribute to improving clinical outcomes
and limiting toxic and side effects [4]. Although some
molecular markers have been identified for personalized
treatment of esophageal cancer, such as cisplatin related
markers [breast cancer susceptibility gene 1 (BRCA1) and
excision repair cross-complementing 1 (ERCC1)], 5-FU re-
lated markers [dihydropyrimidine dehydrogenase (DPD)
and thymidylatesynthase (TS)] and docetaxel related
markers (BRCA1) [5-7], the molecular backgrounds remain
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largely unclear to determine therapeutic effectiveness in
esophageal cancer systematically.
In our previous researches, JWA was identified as

a novel microtubule-associated gene which encoded
the ADP-ribosylation-like factor 6 interacting protein 5
(ARL6ip5) involved in cell oxidative stress, differenti-
ation and apoptosis [8-10]. Also, JWA was found to
regulate cancer cells migration via MAPK cascades and
suppress the ability of adhesion, invasion and metastasis
by integrin alphaVbeta3 signaling [11,12]. Recently, we
confirmed that JWA was a base excision repair (BER)
protein which could regulate X-ray repair cross comple-
ment group 1(XRCC1) and participated in the DNA
damage repair pathway through stabilizing BER protein
complex to facilitate the repair of DNA single-strand
breaks (SSB) [13]. The DNA repair protein XRCC1 inter-
acted with enzymatic components which include PARP-1,
DNA polymerase β, APE1, PNK, PCNA and DNA ligase
III in BER pathway [14-19]. Single nucleotide polymor-
phisms (SNPs) of XRCC1 gene acted as a risk factor might
be a valuable genetic marker for chemotherapy in various
cancers containing esophageal cancer [20-22]. Our group
has demonstrated the possibility of JWA participating in
tailored therapy of tumor for its novel function as regula-
tor of XRCC1. In previous clinical studies, we confirmed
that the expressions of JWA and XRCC1 protein were sig-
nificant prognostic and predictive biomarker in hepatocel-
lular carcinoma and gastric cancer [23-25]. Also, the other
DNA repair proteinBRCA1 which was involved in nucleo-
tide excision repair (NER) and DNA double single break
repair (DSBR) pathway was found to participate in the in-
verse resistance to cisplatin- or docetaxel-based treat-
ments in patients with esophageal cancer [7,26].
However, whether combination of JWA, XRCC1 and

BRCA1 mRNA expressions could be used as prognostic
markers in molecular staging for tailored therapy in ESCC
needs to be determined in clinic urgently. In present
study, the aim is to investigate the prognostic and predict-
ive roles of JWA/XRCC1 mRNA expressions and to ex-
plore the synergistic effect of JWA/XRCC1/BRCA1mRNA
expression on molecular staging in personalized therapy
of advanced ESCC who received cisplatin- or docetaxel-
based treatments.

Methods
Patients
A total of 172 patients enrolled in the study were all histo-
logically confirmed to be locally advanced or metastatic
ESCC (stage II-IV) and had available paraffin-embedded
tumor material for molecular analysis. They all had meas-
urable lesions with a better Eastern Cooperative Oncology
Group performance status (PS; 0 to 2). Among them, 81
patients with metastatic or with surgically unresectable
disease who couldn’t tolerate radiotherapy underwent
cisplatin- or docetaxel-based chemotherapy as the first-line
treatment. The chemotherapy regimens included cisplatin-
based regimens (cisplatin 25 mg/m2 on day 1-3 plus 5-
fluorouracil 500 mg/m2 on day 1-5) and docetaxel-based
regimens (docetaxel 60-75 mg/m2 plus 5-fluorouracil
500 mg/m2 on day 1-5). Chemotherapy was repeated every
3-4 weeks for a maximum of six cycles unless patients had
disease progression or in unsupportable adverse reactions.
The other 91 patients with locally advanced disease under-
went cisplatin or docetaxel-based concurrent chemoradio-
therapy (CCRT) or radiotherapy alone as the first-line
treatment. CCRT consisted of chemotherapy and concur-
rent thoracic radiotherapy. The chemotherapy regimens
comprised weekly cisplatin (25 mg/ m2 on day 1 per week)
plus 5-fluorouracil (300 mg/ m2 on day 1-3 per week) or
docetaxel (25 mg/ m2 on day 1 per week) plus 5-fluorouracil
(300 mg/m2 on day 1-3 per week) for 5 weeks. CT simula-
tion and 3 D treatment planning were used in the concur-
rent thoracic radiotherapy with radiation dose of 50-60
grays (Gy) over 5 weeks (2 Gy/fraction per day, 5 fractions
per week). Barium swallow and computed tomography scans
were utilized in baseline and restaging assessment every
2 cycle of chemotherapy or 4 weeks after radiotherapy.
The institutional approval was obtained from ethics

committee of Huai’an First Hospital of Nanjing Medical
University and all patients signed their informed consent
for the use of tissue material in this translational research.

qPCR analysis for JWA, XRCC1 and BRCA1 mRNA expression
We assessed JWA, XRCC1 and BRCA1 mRNA expres-
sion in paraffin-embedded tumor specimens obtained by
biopsy under endoscope from 172 patients as described
in previous study [7]. Before RNA preparation, micro-
dissection was performed to ensure serial sections of
7-mm thickness with more than 80% of tumor cells. The
pellet of micro-dissected cells was resuspended in RNA
lysis buffer supplemented with proteinase K after paraffin
was removed by xylene. RNA was then extracted with
phenol-chloroform-isoamyl alcohol and precipitated with
isopropanol in the presence of glycogen and sodium acet-
ate. Subsequently RNA was treated with DNase to avoid
genomic DNA contamination. The M-MLV reverse tran-
scriptase was used to synthesize cDNA. Template cDNA
was amplified with specific primers for JWA, XRCC1,
BRCA1 and β-actin as follows: 5′-GGAGGAGTCATTG
TGGTGC-3′ (forward) and 5′-GAAGTCTCAGGGATG
CGTG-3′ (reverse) for JWA; 5′-CTTTGTGGAGGTGCT
AGTGG-3′ (forward) and 5′-ATGGCGAGTCCTTGC
TGT-3′ (reverse) for XRCC1; BRCA1 5′-GGCTATCCTC
TCAGAGTGACATTTTA-3′ (forward) and 5′-GCTTTA
TCAGGTTATGTTGCATGGT-3′ (reverse) for BRCA1,
5′-TGAGCGCGGCTACAGCTT -3′ (forward) and 5′-TC
CTTAATGTCACGCACGATTT -3′ (reverse) for β-actin.
Gene expression was quantified by quantitative real-time
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polymerase chain reaction (qPCR) through the 7900HT
Sequence Detection System (Applied Biosystems, Foster
City, CA) and the qPCR products were detected by fluoro-
chrome dye SYBR Premix Ex TaqTM (TaKaRa, Japan).
Each sample was assayed in triplicate with RNase-free
water as negative control and commercial RNA as positive
control. Relative gene expression quantification was con-
ducted according to the comparative quantification cycle
(Cq) method using β-actin as an endogenous control and
commercial RNA controls (human lung and liver RNA;
Strata gene, La Jolla, CA, USA) as calibrators. In all exper-
iments, only triplicates with a standard deviation (SD) of
the Cq value < 0.30 were accepted. Final values were deter-
mined by the formula 2-△△Cq [=2- (Cq sample - Cq calibrator)].
All experiments were conducted in the Department of
Molecular Cell Biology and Toxicology, Nanjing Medical
University (Nanjing, China).

Study design and statistical analysis
The primary endpoint of this study was to examine the
potential prognostic and predictive roles of JWA/XRCC1
mRNA expressions and to explore the synergistic effect
of JWA/XRCC1/BRCA1mRNA expression on overall
survival and clinical responses in ESCC patients treated
with cisplatin- or docetaxel-based regimens in the first-
line. Overall survival was calculated from the date of
pathologic diagnosis to the date of death or last follow-
up or death from any cause. The clinical response was
assessed according to the Response Evaluation Criteria
Evaluation in Solid Tumors (RECIST) [27]. The Tumor
Node Metastasis (TNM) system was used to classify the
tumor stage. Progression-free survival was not examined
because we could not get exact time of progress-free
survival of the patients who did not receive further assess-
ments of disease after fist-line treatment in the present
retrospective study. The median value was employed as
the cut-off points [7,28]. Samples with mRNA expression
above the median were considered as high expression,
whereas those with value below or equal to the median as
low expression. The distributions of patients were re-
ported with demographic, clinical and biological charac-
teristics. The absolute frequencies and percentages were
used to depict qualitative variables, and the median values
and ranges were used to describe quantitative variables.
The normality of quantitative variables was analysed by
the Kolmogorov-Smirnov test and compared with the
Mann-Whitney U test. The potential association between
clinical characteristics, response and gene expression
levels were compared with two-sided chi-square test or
Fisher exact test. The distributions of OS were ascertained
to probe for the significance by using Kaplan-Meier
method and compared with the two-sided log-rank test. A
multivariate Cox regression analysis with hazard ratios
(HR) and 95% confidence intervals (95% CI) were used to
assess the association between each potential prognostic
factor and survival. The time-dependent ROC curve ana-
lysis for censored data and the area under the Curve
(AUC) of the ROC curves were used to analyse the pre-
dictive value of the parameters [29]. Statistical significance
was considered to be P ≤ 0.05. Statistical analyses were
performed with the Statistical Package for the Social
Sciences (SPSS) for Windows version 19.0 (SPSS Inc,
Chicago, IL).

Results
Patients’ characteristics
Clinical data and paraffin-embedded samples from the
primary tumors were collected from 172 ESCC patients
treated with cisplatin- or docetaxel-based chemother-
apy/chemoradiotherapy in our center. Successful ampli-
fication of three genes of JWA, XRCC1 and BRCA1 was
achieved in 145 specimens. The median age was 62 (44-
84 years) and 92 patients were male. The majority of pa-
tients had PS 0-1. Among them, 73 patients treated with
chemotherapy had stage III–IV and other 72 patients
treated with chemoradiotherapy or radiotherapy alone
had stage II–III at the time of diagnosis. The clinical re-
sponse rates (RR) were 68.5% and 83.3% in the two
treatment groups, separately. After a median follow up
period of 52.0 months (range 19.0-100.0), the mOS was
13.0 months (95% CI: 11.3-14.7) in chemotherapy group;
while the mOS was 13.5 months (95% CI: 11.3-15.7)
after a median follow-up period 48.0 months (range
20.0-100.0) in chemoradiotherapy group. All patient
characteristics were shown in Table 1.

Genes’ mRNA expression levels and treatment outcomes
The median mRNA expression levels were 2.4 (range
0.0002-126.0) for JWA, 8.6(range 0.03-1410.4) for XRCC1
and 11.4 (range 0.4-70.0) for BRCA1. JWA mRNA expres-
sion was significantly associated with clinical features in-
cluding patients’ gender and tumor differentiation grade.
The JWA expression was higher in the females than the
males (P = 0.025) and positively correlated with tumor
differentiation grade stage (G stage, P = 0.047). There was
no other association between clinical features and JWA,
XRCC1 or BRCA1 mRNA levels (all P > 0.05) (Table 2).
As to correlations of three genes, we observed the positive
correlation between JWA and XRCC1 mRNA expression
(Spearman’s test 0.67; P < 0.001) while BRCA1 was not
correlated with JWA or XRCC1 expression (Spearman’s
test 0.007, -0.131; P = 0.937, 0. 115).
Clinical outcomes according to JWA, XRCC1 and

BRCA1 mRNA expression were shown in Table 3. In the
whole cohort, patients with high JWA mRNA expression
had an increased median overall survival (mOS, 19.0 vs.
8.0 months, P < 0.001, Figure 1A) compared with those
with low JWA expression. Similarly, patients with high



Table 1 Patient characteristics of advanced (stage II–IV) esophageal cancer patients

Chemotherapy Chemoradiotherapy

Characteristics All patients Cis/ 5-Fu Doc/ 5-Fu Radio alone Cis/ 5-Fu/ Radio Doc/ 5-Fu/ Radio

Patients, No. (%) 145 (100) 35 (24.1) 38 (26.2) 12 (8.3) 30 (20.7) 30 (20.7)

Age, y median (range) 62 (44-84) 60 (48-81) 61 (45-78) 68 (44-83) 63 (45-74) 61 (52-84)

Sex (%)

Males 92 (63.4) 25 (27.2) 24 (26.1) 6 (6.5) 19 (20.6) 18 (19.6)

Females 53 (36.6) 10 (18.9) 14 (26.4) 6 (11.3) 11 (20.8) 12 (22.6)

ECOG, PS (%)

0-1 133 (91.7) 32 (24.1) 34 (25.6) 12 (9.0) 27 (20.3) 28 (21.0)

2 12 (8.3) 3 (25.0) 4 (33.3) 0 (0.0) 3 (25.0) 2 (16.7)

TNM stage (%)

II 28 (19.3) 0 (0.0) 0 (0.0) 12 (42.9) 15 (53.6) 1 (3.5)

III 47 (32.4) 2 (4.2) 1 (2.1) 0 (0.0) 15 (31.9) 29 (61.7)

IV 70 (48.2) 33 (47.1) 37 (52.8) 0 (0.0) 0 (0.0) 0 (0.0)

G stage (%)

G1 20 (13.8) 4 (20.0) 3 (15.0) 8 (40.0) 3 (15.0) 2 (10.0)

G2 90 (62.1) 25 (27.7) 24 (26.7) 3 (3.3) 24 (26.7) 14 (15.6)

G3 35 (24.1) 6 (17.1) 11 (31.4) 1 (2.9) 3 (8.6) 14 (40.0)

JWA median (range) 2.4(0.0002-126.0) 3(0.001-29.1) 2.2(0.0002-126.0) 3.9(0.3-67.8) 3.2(0.0014-50.1) 2.5(0.001-34.8)

XRCC1 median (range) 8.6(0.03-1410.4) 11.3(0.04-190.7) 5.5(0.03-211.7) 11.9(0.9-327.6) 9(0.1-1410.4) 7.3(0.03-64.3)

BRCA1 median (range) 11.4(0.4–70.0) 10.2(0.4–70.0) 10.9(0.6–44.9) 10.3(0.4–44.2) 11.4(1.2-62.9) 12.2(2.0–58.9)

Response rate (CR + PR), No. (%) 50 (68.5) 60 (83.3)

Median OS (months, 95%CI) 13 (11.3-14.7) 13.5 (11.3-15.7)

Cis = cisplatin; 5-Fu = 5-fluorouracil; Doc = docetaxel; ECOG = Eastern Cooperative Oncology Group; PS = Performance status; G = differentiation grade;
CR = complete response; PR = partial response; OS = overall survival; CI = confidence interval; y = years.
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XRCC1 mRNA expression also experienced longer mOS
(19.0 vs. 9.0 months, P < 0.001; Figure 1B) in comparison
with those with low XRCC1 expression. Conversely, no
significant difference was observed in mOS (15.0 vs.
14.0 months, P = 0.429; Figure 1C) of patients according
to BRCA1 expression levels. Moreover, there was no dif-
ference in term of clinical RR according to the expression
of JWA (83.3% vs. 68.5%, P = 0.052), XRCC1 (83.3% vs.
68.5%, P = 0.052) and BRCA1 (78.7% vs. 71.8%, P = 0.267).
To further assess the synergistic efficacy of JWA and

XRCC1 mRNA expression on survival, the patients were
then stratified into 4 distinct groups depending on gene
expression of JWA and XRCC1: both high, JWA high/
XRCC1 low, JWA low/ XRCC1 high and both low. It
was shown that patients with both high or JWA high/
XRCC1 low (mOS were 21.0 and 17.0 months) had a
better outcome of survival than in the other 2 groups
(mOS were 10.0 and 8.0 months), which indicated that
JWA mRNA expression mainly affected overall survival
of patients in this cohort (Figure 2A, Additional file 1:
Table S1). To further evaluate the prognostic efficacy of
JWA, time-dependent ROC analysis was carried out for
the censored data. The combination of clinical risk score
(TNM stage and G stage) and JWA or XRCC1 or JWA
plus XRCC1 contributed much more than clinical risk
score alone. However, JWA plus XRCC1 was not super-
ior to JWA which contributed much more than XRCC1
(Figure 2B, Additional file 1: Table S2). For example, the
AUC at year 3 was 0.765 for the combination of clinical
risk score with JWA plus XRCC1 and 0.769 for the com-
bination of clinical risk score with JWA, which showed
that JWA plus XRCC1 mRNA expression were not bet-
ter than JWA alone as a predictor for survival of patients
with ESCC in present study.

Treatment outcomes according to regimens or gene
expression levels
In the further subgroup analysis stratified by regimens,
high JWA or XRCC1 mRNA expression was all correlated
with longer mOS (all P < 0.05) but not correlated with RR
(all P > 0.05) in each subgroup with cisplatin- or docetaxel-
based chemotherapy/chemoradiotherapy (Additional file 1:
Table S3, S5 andAdditional file 2: Figure S1, S2). In the
chemotherapy group stratified by gene expression, patients



Table 2 Clinical characteristics associated with JWA, XRCC1 and BRCA1 mRNA expression levels

JWA level XRCC1 level BRCA1 level Overall survival

Characteristics Low High P value Low High P value Low High P value mOS (95%CI) P value

Age, y

≤62 39 36 40 35 37 38 13.0(11.3-14.8)

>62 34 36 0.741 33 37 0.456 37 33 0.671 13.0(10.0-16.0) 0.805

Gender

Males 53 39 52 40 47 45 12.0(10.1-13.9)

Females 20 33 0.025 21 32 0.053 27 26 0.987 16.0(13.4-18.6) 0.007

ECOG, PS

0-1 66 67 68 65 67 66 14.0(12.3-15.4)

2 6 6 0.98 5 7 0.53 7 5 0.597 6.0(4.9-7.8) <0.001

TNM stage

II 12 16 14 14 18 10 14.0(11.9-16.1)

III 25 22 25 22 22 25 10.0(8.3-11.7) 0.096

IV 36 34 0.666 34 36 0.886 34 36 0.290 14.0(11.4-14.6) 0.656

G stage

G1 5 15 7 13 9 11 18.5(15.8-21.2)

G2 48 42 47 43 50 40 13.0(11.4-14.7) 0.061

G3 20 15 0.047 19 16 0.328 15 20 0.375 9.0(6.7-11.3) 0.005

mOS =median overall survival; y = years; G = differentiation grade; ECOG = Eastern Cooperative Oncology Group; PS = performance status.
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with low JWA mRNA expression had increased mOS
when treated with cisplatin-based chemotherapy compared
to docetaxel-based chemotherapy (10.0 vs. 8.0 months,
P = 0.015; Figure 3A and Additional file 1: Table S4). In the
chemoradiotherapy group, cisplatin-based chemoradiother-
apy was the best choice of treatment for patients with
low JWA expression compared with docetaxel-based
chemoradiotherapy or radiotherapy alone [mOS were 11.0,
7.0 (P = 0.001) and 7.5 months (P = 0.537), respectively;
Figure 3B and Additional file 1: Table S4]. However, no sig-
nificant difference of mOS was found in patients with high
JWA or low XRCC1 or high XRCC1 mRNA expression
between cisplatin-based and docetaxel-based treatments
(all P > 0.05; Figure 3C, D and Additional file 1: Table S4,
S6, Additional file 2: Figure S3). Low BRCA1 mRNA
Table 3 Treatment outcomes according to genes expression l

RR, N (%)

Gene Level No. CR + PR SD +

JWA Low 73 68.5 31.5

High 72 83.3 16.7

XRCC1 Low 73 68.5 31.5

High 72 83.3 16.7

BRCA1 Low 74 79.7 20.3

High 71 71.8 28.2

mOS =median overall survival; RR = response rate; CI = confidence interval; CR = com
PD = progress disease.
expression correlated with increased mOS (P = 0.001 and
P = 0.003, respectively) in cisplatin-based chemotherapy or
chemoradiotherapy group and inversely correlated with de-
ceased mOS (P = 0.020 and P = 0.048, respectively) in
docetaxel-based chemotherapy or chemoradiotherapy group,
which was in line with the results shown in the previous
research [7] (Additional file 1: Table S7, S8 and Additional
file 2: Figure S4, S5).

Prognostic value of combining JWA with BRCA1 mRNA
expression according to regimens
For effects of JWA or BRCA1 mRNA expression on sur-
vival of ESCC in term with regimens, the prognostic
value of combination with the two genes was further in-
vestigated in subgroup analysis according to treatments
evels

mOS (months)

PD P value Median (95% CI) P value

8.0(6.6-9.4)

0.052 19.0(15.8-22.2) <0.001

9.0(7.5-10.5)

0.052 19.0(15.4-22.6) <0.001

15.0(14.4-17.6)

0.267 14.0(11.5-14.5) 0.429

plete response; PR = partial response; SD = stable disease;



Figure 1 Median OS in total 145 advanced and metastasis esophageal cancer patients (stage II–IV) according to the mRNA expression levels.
(A) JWA mRNA expression. (B) XRCC1 mRNA expression. (C) BRCA1 mRNA expression.
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(Figure 4 and Additional file 1: Table S9). We found that
cisplatin-based treatment brought a better survival (20.0
vs. 8.0 months; P<0.001) to patients with low JWA/ low
BRCA1 mRNA expression, whereas docetaxel-based treatment
prolonged survival of those with high JWA/high BRCA1
mRNA expression (18.0 vs. 12.0 months; P = 0.044). No
significant difference of survival was observed in the sub-
groups with one gene high (JWA or BRCA1 high) be-
tween cisplatin-based and docetaxel-based treatments (all
P > 0.050).
Univariate and multivariate analyses
Univariate analysis demonstrated that significant associ-
ation was observed between mOS and PS (P < 0.001),
gender (P = 0.007), tumor differentiation grade stage
(P = 0.005), JWA (P < 0.001) or XRCC1 (P < 0.001) mRNA
expression in the whole cohort (Tables 2 and 3). Cox
proportional hazard analysis revealed that high JWA
(HR 0.22; 95% CI 0.13-0.37; P < 0.001) or high XRCC1
mRNA expression (HR 0.36; 95% CI 0.21-0.63; P < 0.001)
emerged as independent prognostic factors associated
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with increased OS, whereas low tumor differentiation
grade (HR 1.45; 95% CI 1.06-1.97; P = 0.019) emerged
as higher risk for mortality associated with decreased
mOS (Table 4).

Discussion
This study was the first to detect the prognostic roles and
synergistic effects of JWA/XRCC1/BRCA1 mRNA expres-
sion in paraffin-embedded tumor tissues on molecular sta-
ging for personalized therapy of advanced ESCC who
received cisplatin- or docetaxel-based treatments.
In our study, JWA mRNA expression was significantly

associated with patients’ gender in this cohort, which
showed that median JWA expression level was higher
in females than in males. In the previous studies, the
alcohol and tobacco consumption which were found sig-
nificantly higher in males than in females had the syner-
gistic effects on the development of ESCC [30-32]. Both
risk factors were proved to take part in the dysregulation
of cell cycle, apoptosis and DNA repair [33-35]. JWA, as
a DNA repair gene and anti-oncogene [24], might be
correlated with the consumption of alcohol and tobacco
in ESCC patients. In addition, estrogen can regulate
transcription of genes associated with cell survival and
proliferation by activating the estrogen receptor related
pathways [36], which might explain the difference of
JWA expression between males and females if JWA was
involved in these pathways. However, the relationship
between JWA and the alcohol/tobacco consumption or
estrogen was not clear and need to be further studied.
Also, we found that JWA expression level was positively
correlated with tumor differentiation grade in ESCC pa-
tients. Though the loss of JWA expression has been dis-
covered to inhibit the cell differentiation and cause more
malignant phenotypes [8,23,37], it was still ambiguous
whether JWA could be the important regulatory factor
in differentiation-related pathways including JAK-STAT,
Notch and Wnt signaling pathways [38-40]. Further
studies should be carried out to discover whether and
how JWA participated in these pathways.
In this study, high JWA or XRCC1 mRNA expression

was correlated with longer overall survival in all the pa-
tients or in subgroups treated with different regimens
and emerged as the independent prognostic factors for
ESCC patients in this cohort. These findings were in
agreement with the results in the gastric, hepatocellular
and bladder carcinomas [23,24,41]. Increasing evidences
implicated the role of JWA on oncogenic and metastatic
phenotypes in several human cancers. Downregulation
of JWA was found to be crucial for the invasion and me-
tastasis of human tumor through elevated FAK expres-
sion, the induction of RhoA and MMP-2 activation
[11,24,25]. In addition, JWA has significant predictive
power for its correlation with tumor differentiation in
the present study, which was known as an important
factor for tumor progression. XRCC1 protein was
deemed as a scaffold in the process of BER binding the
DNA and recruiting other repair components after rec-
ognizing DNA breaks [14-19]. XRCC1 gene might be a
valuable genetic marker for chemotherapy in various
cancers as mentioned above. In present study, predictive
roles of JWA and XRCC1 on survival with a similar



Figure 3 Median OS in low and high JWA expression levels according to different regimens. (A) Chemotherapy in low JWA expression.
(B) Chemoradiotherapy in low JWA expression. (C) Chemotherapy in high JWA expression. (D) Chemoradiotherapy in high JWA expression.
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trend were observed owing to the relationship between
the two genes. JWA was found to cause XRCC1 tran-
scription through increasing the affinity of E2F1 for
binding to the XRCC1 promoter via MAPK signaling
pathway and maintain the stability of the XRCC1 protein
through inhibiting the ubiquitin-proteasome pathway
[13]. We revealed that JWA alone was sufficient to pre-
dict the survival of advanced ESCC compared with com-
bining JWA with XRCC1 according to ROC analysis,
although this result was not consistent with the pub-
lished data that combining JWA with XRCC1 had the
synergistic effect on prognosis in gastric cancer [23].
DNA repair proteins were proved to play important
roles in the process of repairing DNA damage caused
by chemotherapeutics [5-7]. In this study, low expression
of JWA mRNA was significantly correlated with in-
creased mOS in patients treated with cisplatin-based
regimens but not in those treated with docetaxel-based
regimens though JWA was identified as microtubule-
associated protein, which was consistent with the
current evidence for the predictive value of JWA in re-
sectable gastric cancer that underwent platinum-based
adjuvant chemotherapy [23,25,42]. Also, JWA as a new
BER protein was found to protect cells with induced DNA



Figure 4 Median OS according to the cis-based or doc-based treatments in different groups. (A) Low JWA and low BRCA1 mRNA expression.
(B) Low JWA and high BRCA1 mRNA expression. (C) High JWA and low BRCA1 mRNA expression. (D) High JWA and high BRCA1 mRNA expression.
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damage through upregulating XRCC1 and downregulating
PARP-1, which might explain the predictive value of JWA
to cisplatin sensitivity [13]. However, the predictive role of
XRCC1 on the cisplatin sensitivity was not observed in
this cohort. Seemingly, JWA mRNA expression was better
than XRCC1 to be the prognostic factor for ESCC patients
who received cisplatin-based treatment. Although previ-
ous researches had discovered some DNA repair proteins
associated to the damage caused by radiation in vitro, we
didn’t find effects of JWA on radiotherapy sensitivity in
this study [43-45].
BRCA1 mRNA expression level was observed to be a
valid predictor of inverse sensitivity to cisplatin or doce-
taxel in advanced ESCC, which was also shown in our
previous study [7]. For effects of JWA or BRCA1 mRNA
expression on survival of ESCC in terms with regimens,
the synergistic effects of the two gene expression on
cisplatin or docetaxel-based treatments were further
explored. The patients with low JWA/low BRCA1 ex-
pressing benefited mostly from cisplatin-based treat-
ment, and those with high JWA/high BRCA1 expression
benefited mostly from docetaxel-based treatment. From



Table 4 Multivariate cox regression analysis of clinical
characteristics and JWA, XRCC1 and BRCA1 expression
associated with survival

Clinical variables HR 95%CI P value

Gender (females vs. males) 0.83 0.56-1.22 0.349

ECOG, PS (0-1 vs. 2) 0.70 0.59-1.43 0.701

TNM stage (II vs. III or III vs. IV) 0.57 0.74-1.18 0.567

G stage (G1 vs. G2 or G2 vs. G3) 1.45 1.06-1.97 0.019

JWA (low vs. high) 0.22 0.13-0.37 <0.001

XRCC1 (low vs. high) 0.36 0.21-0.63 <0.001

BRCA1 (low vs. high) 1.14 0.80-1.62 0.485

HR = hazard ratios; y = years; G = differentiation grade; RR = response rate;
CI = confidence interval.
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the results, we can separate out the patients with low or
high BRCA1 expression who could not benefit from
cisplatin- or docetaxel-based treatment. Combining JWA
with BRCA1 mRNA expression might be better than sin-
gle gene expression currently used in personalized therapy
for ESCC patients. It seems that combined NER and BER
pathways are more significant to predict therapy outcome
than single pathway [13,26].
Several limitations needed to be considered and clarified

in this study, which included unplanned and retrospective
analysis, lacking of validation group and relatively small
number of patients in the subgroups. However, the prog-
nostic and predictive roles of JWA/ XRCC1/BRCA1 mRNA
expression were firstly proved in personalized therapy for
patients with advanced ESCC treated with cisplain- or
docetaxel-based regimens and indicated the need to further
validate in prospective adequately designed clinical trials.

Conclusions
In this study, we demonstrated that high JWA or XRCC1
mRNA expression emerged as the independent prognostic
factors for ESCC patients and JWA alone was sufficient to
predict the survival compared with combining JWA with
XRCC1. Also, we further proved the synergistic effects of
combining JWA with BRCA1 expression on cisplatin or
docetaxel-based treatments. In summary, JWA, XRCC1
and BRCA1 mRNA expression as predictive markers
could be used in molecular staging for personalized ther-
apy in ESCC patients who received first-line cisplatin or
docetaxel-based treatments.

Additional files

Additional file 1: Table S1. Association of JWA, XRCC1 and BRCA1
expression with Median OS. Table S2. The AUC values of time-dependent
ROC analyses. Table S3. Outcomes in different treatments according to
JWA expression levels. Table S4. Outcomes in low or high JWA expression
levels according to different treatments. Table S5. Outcomes in different
treatments according to XRCC1 expression levels. Table S6. Outcomes in
low or high XRCC1 expression levels according to different treatments.
Table S7. Outcomes in different treatments according to BRCA1 expression
levels. Table S8. Outcomes in low or high BRCA1 expression levels according
to different treatments. Table S9. Outcomes of JWA and BRCA1 expression
levels according to different treatments.

Additional file 2: Figure S1. Median OS according to JWA mRNA
expression in different therapeutic subgroups. (A) Cisplatin/5-Fu-based
chemotherapy. (B) Docetaxel/5-Fu-based chemotherapy. (C) Radiotherapy
alone. (D) Cisplatin/5-Fu-based chemoradiotherapy. (E) Docetaxel/5-Fu-based
chemoradiotherapy. Figure S2. Median OS according to XRCC1 mRNA
expression in different therapeutic subgroups. (A) Cisplatin/5-Fu-based
chemotherapy. (B) Docetaxel/5-Fu-based chemotherapy. (C) Radiotherapy
alone. (D) Cisplatin/5-Fu-based chemoradiotherapy. (E) Docetaxel/5-Fu-based
chemoradiotherapy. Figure S3. Median OS in low and high XRCC1
expression levels according to different therapeutic regimens. (A)
Chemotherapy in low XRCC1 expression. (B) Chemoradiotherapy in low
XRCC1 expression. (C) Chemotherapy in high XRCC1 expression. (D)
Chemoradiotherapy in high XRCC1 expression. Figure S4. Median OS
according to BRCA1 mRNA expression in different therapeutic subgroups. (A)
Cisplatin/5-Fu-based chemotherapy. (B) Docetaxel/5-Fu-based chemotherapy.
(C) Radiotherapy alone. (D) Cisplatin/5-Fu-based chemoradiotherapy. (E)
Docetaxel/5-Fu-based chemoradiotherapy. Figure S5. Median OS in low and
high BRCA1 expression levels according to different therapeutic regimens. (A)
Chemotherapy in low BRCA1 expression. (B) Chemoradiotherapy in low
BRCA1 expression. (C) Chemotherapy in high BRCA1 expression. (D)
Chemoradiotherapy in high BRCA1 expression.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YG, XC and JZ conceived and designed the experiments. BW, QH, LX, XZ,
JZ, LW, YJ, ZQ and JW performed the experiments. YG, BW and LX analyzed
the data. YG and BW wrote the paper. All authors read and approved the
final manuscript.

Acknowledgements
This work was supported in part by Science Developing Foundation of
Nanjing Medical University (09NJMUM063 to Y.G.) and Science Developing
Foundation of Huai’an Government (HAS2011028 to X.F.C.).

Received: 18 August 2014 Accepted: 24 April 2015

References
1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer

statistics, 2012. CA Cancer J Clin. 2015;65(2):87–108.
2. Pennathur A, Farkas A, Krasinskas AM, Ferson PF, Gooding WE, Gibson MK,

et al. Esophagectomy for T1 esophageal cancer: outcomes in 100 patients and
implications for endoscopic therapy. Ann Thorac Surg. 2009;87(4):1048–54.
discussion 1054-1055.

3. Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal carcinoma.
Lancet. 2013;381(9864):400–12.

4. Meropol NJ, Schulman KA. Cost of cancer care: issues and implications.
J Clin Oncol. 2007;25(2):180–6.

5. Joshi MB, Shirota Y, Danenberg KD, Conlon DH, Salonga DS, Herndon 2nd
JE, et al. High gene expression of TS1, GSTP1, and ERCC1 are risk factors for
survival in patients treated with trimodality therapy for esophageal cancer.
Clin Cancer Res. 2005;11(6):2215–21.

6. Alexander BM, Wang XZ, Niemierko A, Weaver DT, Mak RH, Roof KS, et al.
DNA repair biomarkers predict response to neoadjuvant chemoradiotherapy
in esophageal cancer. Int J Radiat Oncol Biol Phys. 2012;83(1):164–71.

7. Gao Y, Zhu J, Zhang X, Wu Q, Jiang S, Liu Y, et al. BRCA1 mRNA expression
as a predictive and prognostic marker in advanced esophageal squamous
cell carcinoma treated with cisplatin- or docetaxel-based chemotherapy/
chemoradiotherapy. PLoS One. 2013;8(1):e52589.

8. Huang S, Shen Q, Mao WG, Li AP, Ye J, Liu QZ, et al. JWA, a novel signaling
molecule, involved in the induction of differentiation of human myeloid
leukemia cells. Biochem Biophys Res Commun. 2006;341(2):440–50.

9. Chen R, Qiu W, Liu Z, Cao X, Zhu T, Li A, et al. Identification of JWA as a
novel functional gene responsive to environmental oxidative stress induced

http://www.biomedcentral.com/content/supplementary/s12885-015-1364-0-s1.doc
http://www.biomedcentral.com/content/supplementary/s12885-015-1364-0-s2.pdf


Wei et al. BMC Cancer  (2015) 15:331 Page 11 of 11
by benzo[a]pyrene and hydrogen peroxide. Free Radic Biol Med.
2007;42(11):1704–14.

10. Shen L, Xu W, Li A, Ye J, Zhou J. JWA enhances As(2)O(3)-induced tubulin
polymerization and apoptosis via p38 in HeLa and MCF-7 cells. Apoptosis.
2011;16(11):1177–93.

11. Chen H, Bai J, Ye J, Liu Z, Chen R, Mao W, et al. JWA as a functional
molecule to regulate cancer cells migration via MAPK cascades and F-actin
cytoskeleton. Cell Signal. 2007;19(6):1315–27.

12. Bai J, Zhang J, Wu J, Shen L, Zeng J, Ding J, et al. JWA regulates melanoma
metastasis by integrin alphaVbeta3 signaling. Oncogene. 2010;29(8):1227–37.

13. Wang S, Gong Z, Chen R, Liu Y, Li A, Li G, et al. JWA regulates XRCC1 and
functions as a novel base excision repair protein in oxidative-stress-induced
DNA single-strand breaks. Nucleic Acids Res. 2009;37(6):1936–50.

14. Caldecott KW, McKeown CK, Tucker JD, Ljungquist S, Thompson LH. An
interaction between the mammalian DNA repair protein XRCC1 and DNA
ligase III. Mol Cell Biol. 1994;14(1):68–76.

15. Kubota Y, Nash RA, Klungland A, Schar P, Barnes DE, Lindahl T.
Reconstitution of DNA base excision-repair with purified human proteins:
interaction between DNA polymerase beta and the XRCC1 protein. EMBO J.
1996;15(23):6662–70.

16. Masson M, Niedergang C, Schreiber V, Muller S, Menissier-de MJ, de Murcia
G. XRCC1 is specifically associated with poly(ADP-ribose) polymerase and
negatively regulates its activity following DNA damage. Mol Cell Biol.
1998;18(6):3563–71.

17. Vidal AE, Boiteux S, Hickson ID, Radicella JP. XRCC1 coordinates the initial and
late stages of DNA abasic site repair through protein-protein interactions.
EMBO J. 2001;20(22):6530–9.

18. Whitehouse CJ, Taylor RM, Thistlethwaite A, Zhang H, Karimi-Busheri F,
Lasko DD, et al. XRCC1 stimulates human polynucleotide kinase activity at
damaged DNA termini and accelerates DNA single-strand break repair. Cell.
2001;104(1):107–17.

19. Fan J, Otterlei M, Wong HK, Tomkinson AE, Wilson 3rd DM. XRCC1 co-localizes
and physically interacts with PCNA. Nucleic Acids Res. 2004;32(7):2193–201.

20. Dai L, Wang K, Zhang J, Lv Q, Wu X, Wang Y. XRCC1 gene polymorphisms
and esophageal squamous cell carcinoma risk in Chinese population: A
meta-analysis of case-control studies. Int J Cancer. 2009;125(5):1102–9.

21. Qiao W, Wang T, Zhang L, Tang Q, Wang D, Sun H. Association study of
single nucleotide polymorphisms in XRCC1 gene with the risk of gastric
cancer in chinese population. Int J Biol Sci. 2013;9(7):753–8.

22. Sacerdote C, Guarrera S, Ricceri F, Pardini B, Polidoro S, Allione A, et al.
Polymorphisms in the XRCC1 gene modify survival of bladder cancer
patients treated with chemotherapy. Int J Cancer. 2013;133(8):2004–9.

23. Wang S, Wu X, Chen Y, Zhang J, Ding J, Zhou Y, et al. Prognostic and
predictive role of JWA and XRCC1 expressions in gastric cancer. Clin Cancer
Res. 2012;18(10):2987–96.

24. Wu X, Chen H, Gao Q, Bai J, Wang X, Zhou J, et al. Downregulation of JWA
promotes tumor invasion and predicts poor prognosis in human
hepatocellular carcinoma. Mol Carcinog. 2014;53(4):325–36.

25. Chen Y, Xia X, Wang S, Wu X, Zhang J, Zhou Y, et al. High FAK combined
with low JWA expression: clinical prognostic and predictive role for
adjuvant fluorouracil-leucovorin-oxaliplatin treatment in resectable gastric
cancer patients. J Gastroenterol. 2013;48(9):1034–44.

26. Wu J, Lu LY, Yu X. The role of BRCA1 in DNA damage response. Protein Cell.
2010;1(2):117–23.

27. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubinstein L,
et al. New guidelines to evaluate the response to treatment in solid tumors.
European organization for research and treatment of cancer, national
cancer institute of the United States, national cancer institute of Canada.
J Natl Cancer Inst. 2000;92(3):205–16.

28. Rosell R, Scagliotti G, Danenberg KD, Lord RV, Bepler G, Novello S, et al.
Transcripts in pretreatment biopsies from a three-arm randomized trial in
metastatic non-small-cell lung cancer. Oncogene. 2003;22(23):3548–53.

29. Heagerty PJ, Lumley T, Pepe MS. Time-dependent ROC curves for censored
survival data and a diagnostic marker. Biometrics. 2000;56(2):337–44.

30. Castellsague X, Munoz N, De Stefani E, Victora CG, Castelletto R, Rolon PA,
et al. Independent and joint effects of tobacco smoking and alcohol
drinking on the risk of esophageal cancer in men and women. Int J Cancer.
1999;82(5):657–64.

31. Morita M, Saeki H, Mori M, Kuwano H, Sugimachi K. Risk factors for esophageal
cancer and the multiple occurrence of carcinoma in the upper aerodigestive
tract. Surgery. 2002;131(1 Suppl):S1–6.
32. Hidaka H, Hotokezaka M, Nakashima S, Uchiyama S, Maehara N, Chijiiwa K.
Sex difference in survival of patients treated by surgical resection for
esophageal cancer. World J Surg. 2007;31(10):1982–7.

33. Bode AM, Dong Z. Signal transduction pathways: targets for
chemoprevention of skin cancer. Lancet Oncol. 2000;1:181–8.

34. Hoeijmakers J. Genome maintenance mechanisms for preventing cancer.
Nature. 2001;411(6835):366–74.

35. Toh Y, Oki E, Ohgaki K, Sakamoto Y, Ito S, Egashira A, et al. Alcohol drinking,
cigarette smoking, and the development of squamous cell carcinoma of
the esophagus: molecular mechanisms of carcinogenesis. Int J Clin Oncol.
2010;15(2):135–44.

36. Williams C, Lin CY. Oestrogen receptors in breast cancer: basic mechanisms
and clinical implications. E Cancer Med Sci. 2013;7:370.

37. Huang S, Shen Q, Mao WG, Li AP, Ye J, Liu QZ, et al. JWA, a novel signaling
molecule, involved in all-trans retinoic acid induced differentiation of HL-60
cells. J Biomed Sci. 2006;13(3):357–71.

38. Weber-Nordt RM, Mertelsmann R, Finke J. The JAK-STAT pathway: signal
transduction involved in proliferation, differentiation and transformation.
Leuk Lymphoma. 1998;28(5-6):459–67.

39. Sjolund J, Manetopoulos C, Stockhausen MT, Axelson H. The Notch pathway
in cancer: differentiation gone awry. Eur J Cancer. 2005;41(17):2620–9.

40. Teo JL, Kahn M. The Wnt signaling pathway in cellular proliferation and
differentiation: a tale of two coactivators. Adv Drug Deliv Rev.
2010;62(12):1149–55.

41. Sak SC, Harnden P, Johnston CF, Paul AB, Kiltie AE. APE1 and XRCC1 protein
expression levels predict cancer-specific survival following radical radiotherapy
in bladder cancer. Clin Cancer Res. 2005;11(17):6205–11.

42. Liu X, Wang S, Xia X, Chen Y, Zhou Y, Wu X, et al. Synergistic role between
p53 and JWA: prognostic and predictive biomarkers in gastric cancer.
PLoS One. 2012;7(12):e52348.

43. Ban S, Michikawa Y, Ishikawa K, Sagara M, Watanabe K, Shimada Y, et al.
Radiation sensitivities of 31 human oesophageal squamous cell carcinoma
cell lines. Int J Exp Pathol. 2005;86(4):231–40.

44. Shin JS, Tut TG, Ho V, Lee CS. Predictive markers of radiotherapy-induced
rectal cancer regression. J Clin Pathol. 2014;67(10):859–64.

45. Zhao HJ, Hosoi Y, Miyachi H, Ishii K, Yoshida M, Nemoto K, et al. DNA-dependent
protein kinase activity correlates with Ku70 expression and radiation sensitivity in
esophageal cancer cell lines. Clin Cancer Res. 2000;6(3):1073–8.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	qPCR analysis for JWA, XRCC1 and BRCA1 mRNA expression
	Study design and statistical analysis

	Results
	Patients’ characteristics
	Genes’ mRNA expression levels and treatment outcomes
	Treatment outcomes according to regimens or gene expression levels
	Prognostic value of combining JWA with BRCA1 mRNA expression according to regimens
	Univariate and multivariate analyses

	Discussion
	Conclusions
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgements
	References



