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ABSTRACT
Fibroblast growth factor receptor-1 (FGFR1) over-expression was broadly found in squamous cancer,
where it induced cellular proliferation, differentiation, and metastasis by activating various signaling
pathway. However, the role of FGFR1 gene expression in predicting prognosis of Esophageal Squamous
Cell Carcinoma (ESCC) and its regulatory function in the progression of ESCC are not well understood.
Therefore, we performed an analysis of FGFR1 mRNA expression by quantitative RT-PCR in tumor tissue of
145 patients with ESCC. The relationships between FGFR1 gene expression and clinicopathological
parameters, also the prognosis were further examined. Results suggested that higher FGFR1 gene
expression predicted worse overall survival (HR D 1.502, 95%[CI] D 1.005–2.246, P D 0.045). Disease-
free survival tends to be shorter in patients with higher FGFR1 expression but without statistical
significance (HR D 1.398, 95%[CI] D 0.942–2.074, P D 0.096). FGFR1 was up regulated in multiple ESCC cell
lines. Subsequent in vitro experiments demonstrated that anti-FGFR1 treatment by PD173074 inhibited
TE-1 and EC9706 cell viability along with the attenuation of MEK-ERK signaling pathway. In vivo, PD173074
administration also had shown potent ESCC growth arresting effect. Overall, our study suggested that
FGFR1 gene expression could be an independent prognosis predictive factor in patients with ESCC. Anti-
FGFR1 inhibited ESCC growth and could be a potential strategy in ESCC targeted therapy.

Abbreviations: ESCC, esophageal squamous cell carcinoma; FGFR1, fibroblast growth factor receptor; DFS, disease-
free survival; OS, overall survival
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Background

Esophageal cancer comprises two main histological subtypes –
esophageal squamous cell carcinoma (ESCC) and adenocarci-
nomas (EADC). ESCC accounts for the majority of cases and
are mostly prevalent in Asian populations whereas EADC rep-
resents about 70% of the total in the Western hemisphere.1

Despite a rapid development of novel therapies in EADC, quite
a few progresses of therapeutical strategies have been made in
ESCC, in which the primary treatments still mostly based on
traditional surgery, chemotherapy, and radiotherapy. Recently,
targeted therapies against thoracic cancer, including ESCC
were introduced. Tyrosine kinase inhibitors (TKIs) targeting
epidermal growth factor receptor and vascular endothelial
growth factor receptor display clinical efficacy in ESCC.2

Increasing evidence suggests that Fibroblast Growth Factor
Receptor (FGFR) could be another potential target in ESCC.

The FGFR family consists of four highly conserved members
of tyrosine kinase receptors FGFR1-4, which share similar
structure within a cytoplasmic tyrosine kinase domain. FGFR1,

a key member of FGFR family, was reported to play a key role
in diverse solid tumors. Specific ligands binding with FGFR1 to
trigger a cascade of downstream signals, including RAS, MEK-
ERK, and AKT1 to regulate cell proliferation, differentiation,
migration, and angiogenesis.3 Several studies suggest that
blocking FGFR1 promotes apoptosis or inhibit cell proliferation
in various cancer.4 By now, several phase I clinical trials con-
firmed the preliminary antitumor activity of FGFR1 inhibitors
in lung squamous cell carcinoma.5 However, it is not known
whether inhibiting FGFR1 is a rational and valid approach in
ESCC.

The role of aberrant FGFR1 expression has been well eluci-
dated in squamous cancer. Previous research demonstrated
that FGFR1 gene amplification was found in 10% to 20% squa-
mous cell lung cancer patients and predicted poor prognosis.6–8

FGFR1 is also one of the most frequently amplified genes in
ESCC.9 However, FGFR1 amplification seems insufficient to
predict ESCC prognosis and the response to anti-FGFR therapy
in clinical trials.5 Combining these and the fact that no studies

CONTACT Jianxin Xue xuejx@scu.edu.cn 37 Guoxue Lane, Chengdu, Sichuan, China, 610041.
yThese author contributor equally to this work.
© 2018 Taylor & Francis Group, LLC

CANCER BIOLOGY & THERAPY
2018, VOL. 19, NO. 1, 76–86
https://doi.org/10.1080/15384047.2017.1394541

https://crossmark.crossref.org/dialog/?doi=10.1080/15384047.2017.1394541&domain=pdf&date_stamp=2018-01-04
mailto:xuejx@scu.edu.cn
https://doi.org/10.1080/15384047.2017.1394541


reported the clinical significance of FGFR1 gene expression in
ESCC, we focused on the role of FGFR1 gene expression
in ESCC. Correlation analysis between FGFR1 gene expression,
clinical characteristics, and survival data were conducted in an
independent cohort of 145 ESCC patients. We also investigated
the gene expression of FGFR1 and its function on cell apopto-
sis, cell proliferation in vivo and in vitro.

Results

Relationships between FGFR1 expression and patients’
characteristics

One hundred and forty-five patients with surgically resected
ESCC were enrolled. The majority of patients were male
(91.0%), former or current smokers (71%), and with alcohol
drinking history (60%). All patients received radical surgery,
with evidence of pathologic stage II in 49.3% and stage III in

50.7%. Among 145 patients, 77 (53.1%) received chemotherapy
and 85 (58.7%) received radiotherapy. The expression of
FGFR1 was significantly correlated with alcohol drinking (P D
0.002) and radiotherapy (P D 0.038) (Table 1).

Higher expression of FGFR1 predicts poor prognosis

Univariate analysis showed that only TNM stage (HR D 1.898,
95% [CI]: 1.271–2.836, P D 0.002), N stage (HR D 1.308, 95%
[CI]: 1.049–1.632, pD 0.017), and FGFR1 (HRD 1.512, 95% [CI]:
1.014–2.256, P D 0.043) had statistically significant effects on OS
(Table 2). Multivariate analysis indicated that FGFR1 and the
TNM stage could be independent factors in predicting prognosis
of ESCC patients in OS. Patients with higher FGFR1 expression
had a significantly greater risk of death than those with lower
FGFR1 gene expression after adjusting for the pathologic stage
(OS: HR D 1.502, 95%[CI] D 1.005–2.246, P D 0.045). Advanced
TNM stage (HRD 1.667, 95%[CI]D 1.005–2.767, PD 0.048) also

Table 1. Association between FGFR1 m-RNA expression and clinicopathological data of patients with ESCC.

All patients High FGFR1 expression Low FGFR1 expression
Characteristics No. (%) No. (%) No. (%) p-value

Age
0.369<70 132(9.0) 68(93.2) 64(88.8)

�70 13(91.0) 5(6.8) 8(11.2)
Gender

0.751Male 132 (91.0) 67 (91.8) 65(90.3)
Female 13(9.0) 6(9.2) 7(9.3)

BMI
0.197Low 20(17.4) 7(11.7) 13(26.0)

Mid 82(71.3) 47(78.3) 35(64.8)
High 13(11.4) 6(10.0) 6(9.2)

Smoking
0.675No 34(29.0) 19 (26.0) 15 (20.8)

Yes 111 (71.0) 54(74.0) 57(79.2)
Drinking

0.002*Constantly 87(60.0) 53(72.6) 33(45.8)
Never or seldom 58(40.0) 20(27.4) 39(55.2)

TNM stage
0.455II 72(49.3) 34(46.6) 38(52.7)

III 73(50.7) 39(53.4) 34(47.3)
T stage

0.6372 31(21.4) 17(23.2) 14(19.4)
3 96(66.2) 46(63.0) 50(69.4)
4 17(11.7) 10(13.7) 8(11.2)

N stage
0.5890 61(42.1) 29(39.7) 32(44.4)

1 44(30.3) 25(34.2) 19(26.4)
2 40(27.6) 19(26.1) 21(29.0)

WHO classification
0.381G3 42(29.0) 22(30.1) 20(27.7)

G2 98(67.6) 50(68.5) 48(66.7)
G1 5(3.4) 1(1.4) 4(5.6)

Pathological type
0.856Ulcerated 90(63.8) 43(58.9) 47(65.3)

Medullary 28(20.0) 15(20.5) 13(18.1)
Protruded 17(12.1) 9(12.3) 8(11.1)
Other 6(4.1) 6(8.2) 4(5.5)

Location
0.937Upper 8(5.5) 3(4.3) 5(6.8)

Middle 64(44.1) 31(44.9) 33(44.6)
Under 71(50.4) 35(48.6) 36(48.7)

Radiotherapy
0.038*No 60(41.3) 31(42.4) 43(59.7)

Yes 85(58.7) 42(57.6) 29(40.2)
Chemotherapy

0.450No 68(46.9) 37(50.6) 31(43.0)
Yes 77(53.1) 36(49.3) 41(57.0)

�x2-test: P < 0.05. BMI, body mass index; FGFR1, fibroblast growth factor receptor-1

CANCER BIOLOGY & THERAPY 77



predicted poor prognosis (Table 3). Consistent with OS analysis
result, patients with advanced TNM stage (P D 0.002), advanced
N stage (P D 0.026), or without radiotherapy (P D 0.017) had a
shorter DFS (Table 2). DFS tend to be shorter in patients with
higher FGFR1 expression but without statistical significant
difference comparing to whom with lower FGFR1 expression
(HRD 1.398, 95%[CI]D 0.942–2.074, PD 0.096) (Table 2).

Kaplan-Meier survival curves also suggested that patients
with higher FGFR1 gene expression had significantly shorter
OS (OS: 22.00 vs 33.00 months; P D 0.0387) than those with
lower FGFR1 gene expression. However, the analysis of DFS

indicated there was no significant association between FGFR1
expression and DFS (DFS: 17.00 vs 25.00 months, P D 0.09)
(Fig. 1).

FGFR1 is over-expressed in ESCC cell lines

Comparative analysis of FGFR1 mRNA and protein expression
in 8 ESCC cell lines and a normal human esophageal mucosa
cell line-Het1A indicated that all ESCC cell lines over-expressed
FGFR1, but at varying degrees (P<0.05) (Fig. 2a), corroborat-
ing the FGFR1 protein expression which was significantly

Table 2. Univariate analyses of OS and DFS in ESCC patients.

OS DFS

Univariate analysis HR 95%CI P HR 95%CI P

Age (<70 / �70) 1.36 0.71–2.26 0.35 1.297 0.675–2.493 0.435
Gender (Male/Female) 1.634 0.757–3.526 0.211 0.598 0.277–1.29 0.19
BMI (Low, Middle/High) 1.072 0.775–1.483 0.673 1.038 0.752–1.427 0.828
Smoking (No/Yes) 1.021 0.678–1.538 0.921 0.973 0.794–1.194 0.795
Drinking (Constantly/Never, Seldom) 1.299 0.820–2.059 0.265 1.354 0.855–2.142 0.196
WHO Classification (G3/G2, G1) 0.879 0.534–1.320 0.534 0.899 0.704–1.123 0.322
TNM stage (III/II) 1.898 1.271–2.836 0.002* 1.884 1.267–2.801 0.002*

T stage (4/2,3) 1.342 0.966–1.866 0.08 1.37 0.985–1.907 0.062
N stage (2/1,0) 1.308 1.049–1.632 0.017* 1.288 1.031–1.609 0.026*

Chemotherapy (No/Yes) 0.79 0.533–1.172 0.241 0.83 0.562–1.227 0.35
Radiotherapy (No/Yes) 1.454 0.979–2.159 0.064 0.621 0.42–0.919 0.017*

FGFR1 (High/Low) 1.512 1.014–2.256 0.043* 1.398 0.942–2.074 0.096

Statistical analysis was evaluated by a proportional hazard model (Cox).
�P < 0.05. OS overall survival; DFS disease free survival; FGFR1 fibroblast growth factor receptor 1; BMI Body Mass Index

Table 3. Multivariate analyses of OS and DFS in ESCC patients.

OS DFS

Multivariate analysis HR 95%CI P HR 95%CI P

TNM stage (III/II) 1.667 1.005–2.767 0.048* TNM stage (III/II) 1.68 1.006–2.806 0.047*

N stage (2/1,0) 0.451 0.836–1.496 0.451 N stage (2/1,0) 1.105 0.824–1.481 0.506
FGFR1 (High/Low) 1.502 1.005–2.246 0.045* Radiotherapy 0.614 0.413–0.913 0.016*

Statistical analysis was evaluated by a proportional hazard model (Cox).
�P < 0.05. OS overall survival; DFS disease free survival; FGFR1 fibroblast growth factor receptor 1

Figure 1. High gene expression of FGFR1 predicts poor OS in ESCC patients. Kaplan–Meier plots of the association of FGFR1 mRNA expression with OS (a) and DFS (b) in
ESCC patients. P-values are verified by the log-rank test.
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higher in ESCC cells (Fig. 2b). Among the eight ESCC cell lines,
TE-1 and EC9706 showed 4 to 5 fold-increasing expression of
FGFR1 compared to Het1A and were therefore selected for fur-
ther studies.

Inhibition of FGFR1 effects the proliferation but not
apoptosis of ESCC

Observations made with clinical data prompted the exploration
of the biological function of FGFR1 in the pathogenesis of
ESCC. This was determined by inhibiting FGFR1 with
PD173074, a selective inhibitor of FGFR1. As shown in Fig. 3a,
measurement of cell viability indicated a significant difference
in number of viable cells between PD173074 and DMSO treat-
ment. PD173074 treatment decreased TE1 and EC9706 cell
proliferation in a dose- and time-dependent manner with the
strongest inhibitory effect on proliferation exhibited at 0.5 mM
concentration and administrated for 72h (P<0.001). In regard-
ing of the KYSE-30 and KYSE-180, the cells with lower FGFR1
expression, a tendency of cell growth inhibition were also
observed but without significance.

To further explore the role of FGFR1 in ESCC cells viability,
colony formation assay was performed. Compared to the vehi-
cle treatment, inhibition of FGFR1 by PD173074 significantly
decreased the number of colonies in a dose-dependent manner
in TE-1 and EC9706 but not in KYSE-30 or KYSE-180
(Fig. 3b). Flow cytometry analysis showed that PD173074 had
no significant effect on induction of ESCC apoptosis (Data not
shown).

Inhibition of FGFR1 arrestes ESCC tumor growth in vivo

To examine the effect of inhibiting FGFR1 on ESCC growth in
vivo, TE-1 and EC9706 tumor-bearing mice were treated with
PD173074. Blocking FGFR1 signaling with PD173074 resulted
in a significant inhibition of TE-1 and EC9706 tumor growth

in a dose-dependent manner. A potent anti-tumor growth was
observed both in 100mg/kg and 50mg/kg groups. TE-1 tumor
volume decreased by approximately 80% and EC9706 tumor
volume reduced by 90% at 20 days after PD173074 (100mg/kg)
administration (P<0.001) (Fig. 4a).

Inhibition of FGFR1 blocks the MEK-ERK signaling pathway

As expected, PD173074 decreased the phosphorylation of
FGFR1 in a dose-dependent manner in TE-1 and EC9706 cell
lines (Fig. 4b). We then explored the effect of RAS, MEK-ERK,
and PI3K-Akt pathway after inhibition of FGFR1. Western-
blotting result showed that the phosphorylation of ERK was
almost completely suppressed by inhibition of FGFR1 with
PD173074. In TE-1, the phosphorylation of STAT1 and S6
were significant decreased with treatment of PD173074 in a
higher dose. Similarly, we observed a lower expression of phos-
phate-STAT1 after inhibition of FGFR1 in EC9706. PD173074
also slightly suppressed the activation of AKT both in TE-1
and EC9706 without a dose-dependent manner (Fig. 4b).

Discussion

In this study, we investigated the prognostic role of FGFR1
gene expression in resected ESCC. Compared to FGFR1 gene
over-expression, FGFR1 gene amplification was broadly
reported in lung, head and neck, and breast cancers8,10,11 and
as well in 6%–9.4% ESCC patients.12 However, the prognosis
value of FGFR1 amplification in ESCC remains controver-
sial.9,12 Though gene amplification seems would increases its
expression, results have been inconclusive.13 One study sug-
gested no correlation of FGFR1 amplification and mRNA
expression in ESCC.14 Compared to gene amplification, there
have been relatively fewer studies exploring the role of FGFR1
over-expression in the prognosis of cancer patients. FGFR1
protein expression was correlated with significantly worse OS
in breast cancer.11,15,16 In lung cancer, FGFR1 protein expres-
sion was associated with increasing average micro-vessel den-
sity and predicted poor survival.1,18

Our data suggested that higher gene expression of FGFR1
could be an independent marker to predict poor prognosis of
OS in resected ESCC. To our knowledge, this is the first report
on the prognostic role of FGFR1 over-expression in the largest
cohort of resected ESCC patients. Another study with detection
of FGFR1 by IHC in 79 ESCC patients suggested a combined
effect of FGF and FGFR1 but solely FGFR1 was not found to be
an independent predictor.19 These contradictions might be due
to smaller sample size or the difference between protein and
mRNA expression. Given the fact that alcohol consumption is
a common risk factor for ESCC development, it was not sur-
prising that FGFR1 was higher in patients with history of alco-
hol use in our study. There was no significant effect of smoking
on FGFR1 expression in our study, which contradicted previ-
ous studies showing that smoking increases FGFR1 gene
expression in other SCC, like lung cancer.20 This might partly
due to the heterogeneity of SCC type.

In vitro data demonstrated that FGFR1 was over-expressed
in ESCC cell lines compared to a normal human esophageal
mucosa cell line suggesting it key role in ESCC. Previous

Figure 2. FGFR1 is over-expressed in ESCC cell lines. mRNA expression (a) and pro-
tein expression (b) of normal human esophageal mucosa cell line (Het-1A) and
eight human esophageal carcinoma cell lines including KYSE-30, KYSE-180,
ECA109, EC706 and TE series (TE-1, 3, 8). Data are presented as the mean § SD; �P
< 0.05 significantly different compared to each other.
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Figure 3. Anti-FGFR1 affects the proliferation of ESCC cells expressing high FGFR1. (a) Cell viability of TE-1, EC9706, KYSE-30 and KYSE-180 with treatment of PD173074 (0.1 mM,
0.5 mM) or DMSO detecting by MTT at 24, 48, 72, and 96 hours; (b) Representative images of colony formation assays of TE-1, EC9706, KYSE-30 and KYSE-180 with treatment of
PD173074 (0.1mM, 0.5mM) or DMSO for 14 days. (Data are presented as themean§ SD; �P< 0.05, ��P< 0.01, ���P< 0.001 significantly different compared to control group.
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studies demonstrated that it was involved in the progression of
various cancers.21 Upon binding to FGFR1, FGF triggers sev-
eral signaling pathways. As predominant pathways, MEK-ERK
and PI3K–Akt are central to regulate cell growth and prolifera-
tion. Activation of FGFR1 induces cellular proliferation and
survival in acute myeloid leukemia22 and bladder cancer.23

FGFR1 activation stimulates the STAT pathway directly or
indirectly through JAKs.3 We report that blocking FGFR1
inhibited the proliferation of ESCC cells both in vivo and in
vitro and partially maybe due to the inhibition of the MEK-
ERK pathways, which were inhibited mostly comparing to
PI3K–Akt or STAT1 signaling network. This suggesting MEK-
ERK might comprise the major signaling pathway mediated by

FGFR1 in ESCC progression (Fig. 5). Published studies also
revealed the role of FGF1-FGFR1 axis in modulating the epi-
thelial-mesenchymal transition (EMT) pathway to induce
metastasis of various carcinomas.24–26 Moreover, FGFR1 affect
the maintenance of cancer ‘stemness’ through the regulation of
GLI2 expression via the ERK pathway, to promote the stem
cell-like phenotype of lung SCC.27 In breast cancer, FGF/FGFR
also plays a role in the paracrine signaling pathway activated by
estrogen to expand stem-like cells.28

PD173074 is a potent ATP-competitive inhibitor of FGFR1
with high affinity and selectivity. This inhibitor evokes anti-
tumor immune response and impairs the progression of breast
cancer by decreasing lung metastasis.29 Consistent with the

Figure 4. Anti-FGFR1 arrests ESCC tumor growth in vivo and attenuates the MAPK/ERK signaling pathway. (a) Antitumor effect of anti-FGFR1 treatment. Nude mice model
established with TE-1 or EC9706 cells were treated orally with PD173074 at a dose of 50 or 100 mg/kg or with vehicle alone twice daily for 20 days. Data are presented as
the mean § SD; �P < 0.05, ��P < 0.01, ���P < 0.001 significantly different compared to vehicle group. (b) The effect of anti-FGFR1 therapy on FGFR1, ERK, AKT, S6 and
STAT1 phosphorylation detecting by western blotting.
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finding that FGFR1 induces EMT, PD173074 induces the
reverse process of EMT, Mesenchymal–epithelial transition
(MET), by inhibiting the MAPK pathway.30 Moreover, in
ESCC, PD173074 also eliminated the rescue effect induced by
FGFR pathway against lapatinib treatment.31 PD173074 also
reduced the expression of p-ERK and Bcl-xl to increase the
anti-proliferative and apoptosis-inducing effects of 5-fluoroura-
cil in gastric cancer.32 Our results demonstrated that FGFR1
inhibition had a strong cytotoxic effect on the ESCC cells with
higher FGFR1 gene expression but not in the cells with relative
lower gene expression. This suggesting the ESCC growth inhi-
bition effect of anti-FGFR1 treatment partly relies on the
FGFR1 gene expression. Moreover, we did not find significant
pro-apoptotic role of PD173074 in this study, which might be
attributed to the variation in cell lines characteristics or that the
anti-proliferation of PD173074 might rely on other mecha-
nisms but not the induction of apoptosis, as seen in other
studies.

In view of its key role in cancer, anti-FGFR therapy has been
considered as a potential treatment strategy. Although no clini-
cal trial about PD123074 have been conducted yet. Several
other small molecule inhibitors that target FGFR have been
successfully applied in clinical trials with significant anti-tumor
efficacy (Table 4).33–37 AZD4547, an inhibitor of FGFR1, 2, and
3, reported with high anti-tumor activity in FGFR2 amplified
gastric cancer and lower activity in FGFR1 amplified breast
cancer which suggested that efficacy of anti-FGFR varies in dif-
ferent types of cancer and genomic alternation. By now, most
trials recruit patients with FGFR genetic alternation, including
amplification, mutation and translocation. However, it
remains a challenge to identify biomarkers that serve as good
predictors of FGFR-targeted therapy response. Growing evi-
dence suggests the emerging role of FGFR1 RNA expression in
predicting treatment outcomes. One study showed that FGFR1

mRNA expression, but not gene copy number, predicts FGFR
TKI sensitivity in all lung cancer cell lines.38 Similarly, in head
and neck SCC patients, compared to copy-number gain,
FGFR1 mRNA expression was better at predicting the response
to FGFR inhibitors.39 Also, one ongoing clinical trial enrolled
advanced solid tumors patients with high FGFR expression but
not other genomic alternation (NCT02592785) (Table 4).

In summary, we have determined a role of FGFR1 in ESCC.
We found that anti-FGFR1 potentially inhibits the MEK-ERK
downstream pathways, thereby decreasing the proliferation of
ESCC both in vitro and in vivo. These findings have implica-
tions for designing therapeutic strategies and for understanding
the pathogenesis of ESCC mediated by FGFR1.

Materials and methods

Patients and samples

One hundred and forty-five patients with ESCC who under-
went surgical resection at West China Hospital from Jan. 2009
to Dec. 2010 were enrolled. The patient inclusion criteria
were: 1) availability of tumor tissue from primary cancer, clini-
cal characteristics and survival data; 2) patients with stage II
and III disease; 3) patients who had not received neo-adjuvant
chemotherapy or radiotherapy. This study was approved by
West China Hospital and informed consent was obtained from
patients.

Histopathological classification and tumor stage were
defined according to 2004 WHO classification system and
UICC/AJCC (7th edition) for esophageal carcinoma. Clinico-
pathological data were obtained from patient medical records.
Disease-free survival (DFS) and overall survival (OS) were cal-
culated as the number of months from the date of surgery to
the date of the initial tumor relapse and the date of death,
respectively.

mRNA analysis of FGFR-1 expression

mRNA extraction procedures from cells or formalin-fixed par-
affin-embedded tissue samples were conducted according to
standard manufacturer’s protocols (TaKaRa, Liaoning, China).
mRNA expression of FGFR-1 was detected and quantified using
SYBR-Green assay (Biorad, CA, USA). FGFR1 primers: sense,
50-CTTCGTTTCTTGTTGGTATGC-30, antisense, 50-GGACA
GGATGGAGTTTGGAC-30, GAPDH primers: sense, 50-ACTC
CTCCACCTTTGACGCTG-30, antisense, 50-CTCTCTTCCT
CTTGTGCTCTTGC-30. The median mRNA expression was
used as the threshold to divide these patients into high and low
FGFR1 expression groups.

Cell lines and reagent

Normal human esophageal mucosa cell line (Het-1A) and eight
human esophageal carcinoma cell lines including KYSE-30,
KYSE-180, ECA109, EC706 and TE series (TE1, 3, 8) were
selected. All cell lines were obtained as a gift from State Key
Laboratory of Biotherapy (Chengdu, China); Cells were cul-
tured in RPMI-1640 or DMEM medium (10% fetal calf serum

Figure 5. PD173074 inhibits the signal pathway downstream of FGFR1 in ESCC.
Ligand (eg. FGF) binds to FGFR1 and trigger the phosphorylation of FGFR1 tyrosine
kinase domains leading the activation of three main downstream pathways: 1)
RAS-RAF-MAPK-ERK; 2) PI3K-AKT-mTOR-p70-S6; 3) JAK-STAT-p21; FGFR1 selective
inhibitor PD173034 inhibits the phosphorylation of its tyrosine kinase domains
thus inhibiting downstream signaling pathway.
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and 1% antibiotics (penicillin and streptomycin) at 37�C with
5% CO2 and 95% humidity.

PD173074 (Selleck Chemicals, Houston, TX, USA) was dis-
solved in dimethyl sulfoxide (DMSO) and stored at ¡80�C
until use. DMSO (0.1%) served as a vehicle control.

Western blotting

Total protein from cells were extracted using RIPA solution
(Beyotime Biotech, Hangzhou, China) with Protease and Phos-
phatase Inhibitor Cocktails (Sigma, MO, USA) and resolved on
10–15% SDS-PAGE gel, followed by transfer to polyvinylidene
fluoride membrane (Millipore, Massachusetts, USA). After
blocking, membranes were incubated overnight at 4�C with
primary antibodies specific for anti-pFGFR1 (1:500), anti-
FGFR1 (1:1000), anti-pERK (1:500), anti-ERK (1:1000), anti-
AKT (1:1000), anti-pAKT (1:500), anti-pS6 (1:500), anti-S6
(1:100), anti-pSTAT1 (1:500), anti-STAT1 (1:1000), and anti-b
Actin (1:5000). All antibodies were purchased from (Santa
Cruz, Dallas, USA). Immunoreactivity was detected with an
enhanced chemiluminescence kit (Millipore, Massachusetts,
USA).

Colony formation assay

Cells were seeded in triplicate 6-well plates at approximately
800 cells/well. After 24 h of incubation, cells were treated with
0.1, 0.5 mM PD173074 or DMSO and then cultured for
14 days. The colonies were fixed by 4% paraformaldehyde solu-
tion and stained with crystal violet. Colonies with >50 cells
were scored.

Methylthiazoletetrazolium (MTT) assay

Cell viability was determined using an MTT assay according to
the manufacturer’s protocol. ESCC cells were seeded in 96-well
plates at a density of 8,000 cells/well and treated with 0.1,
0.5 mM PD173074 or DMSO. After 48 h, 72h and 96h of
administration, MTT at a concentration of 5 mg/ml was added
to each well and incubated for an additional 4 h at 37�C. Absor-
bance was measured at 490 nm after adding 150 ml DMSO to
each well.

Analysis of apoptosis by flow cytometry

After incubation with 0.1, 0.5 mM PD173074 or DMSO for
48 h, 72h and 96h, cells were harvested and washed with PBS.
106 cells/ml cells were double-labeled with Annexin
V–fluorescein isothiocyanate (FITC) and Propidium iodide
(PI). Fluorescence was analyzed using flow cytometry (FACS
Calibur, BD Biosciences, CA).

Mouse model

Four-week-old female nude mice purchased from the Experi-
mental Animal Center, Chinese Academy of Medical Science
were used. The Animal Care and Use Committee of Sichuan
University approved this study. Mice were randomly divided
into three groups with 6 mice per group. Tumor burden was

established with 5 £ 106 TE-1 or EC9706 cells that injected
subcutaneously in the right flank. Then the mice were treated
with PD173074 (50mg/kg or 100mg/kg) or vehicle oral gavage,
twice daily for 20 days. Tumor volumes were assessed every
4 days and calculated according to the formula: Tumor volume
(mm3) D 0.52 £ a £ b2 (a represents the longer diameter and
b represents the shorter diameter).

Statistical analyses

Fisher’s exact test and the Chi-square test were applied to com-
pare the clinical and demographic characteristics of patients in
high or lower FGFR1 expression groups. DFS and OS were esti-
mated using the Kaplan–Meier method. Survival data were cen-
sored at the time of the last visit for patients who were still alive
at the final analysis. The log-rank test was applied to compare
DFS and OS in two groups. Multivariate analysis was per-
formed using the Cox proportional hazard regression model.
Statistical tests were based on a two-sided significance level of
0.05. All statistical analyses were conducted using SPSS 17.0.0
for Windows (IBM Corp, NY, USA).
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