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Abstract: Background and aims: Biliary tract caner (BTC) is one of rare malignant disease with poor prognosis.
Gemcitabine has been widely used as chemotherapeutic agent for advanced BTC treatment. Several molecules
involved in gemcitabine metabolism, including human equilibrative nucleoside transporter (hnENT1) and ribonucleo-
tide reductase subunit M1 (RRM1), have been investigated as predictive biomarkers of chemotherapy efficacy.
The aim of present study is to determine whether hENT1 and RRM1 could be used as the biomarkers to assess
the efficacy of chemotherapy and predict survival in patients with advanced BTC. Methods: The analysis was per-
formed on samples from 44 patients with unresectable or recurrent BTC who were treated with gemcitabine as
first-line therapy. We determined levels of hENT1 and RRM1 with immunohistochemistry (IHC). Also, its prognostic
and predictive role on tumor response and several clinical factors for survival were evaluated with Kaplan-Meier or
Cox analysis. Results: The patients who were clinical benefit (partial response [PR] or stable disease [SD]) had high
level of hENT1 (P = 0.046) and low level of RRM1 (P = 0.033). Moreover, hENT1 expression was a significant factor
for progression free survival (PFS) (P = 0.005) and overall survival (OS) (P = 0.048) in Cox univariate analysis. Also,
hENT1 was an independent prognostic factor of OS based on Cox multivariate analysis (P = 0.005). Conclusions:
The expression of hENT1 and RRM1 was associated with gemcitabine efficacy. hENT1 was one of reliable predictive
marker of survival in patients with advanced BTC patients.

Keywords: Biliary tract cancer, gemcitabine, human equilibrative nucleoside transporter 1, ribonucleotide reduc-
tase subunit M1

Introduction vival is about 20-32% for patients with intrahe-

patic cholangiocarcinoma [3]. Adjuvant chemo-

Biliary tract carcinomas (BTC) are a group of
tumors arising from the epithelial cells of intra-
and extra-hepatic biliary ducts and the gallblad-
der, characterised by poor prognosis [1].
Gallbladder carcinoma and extrahepatic bile
ducts carcinoma (cholangiocarcinoma) are the
most common biliary tract cancer. Cholang-
iocarcinoma is classified into intrahepatic and
extrahepatic disease according to its anatomi-
cal location within the biliary tree [2]. Surgical
resection remains the only potentially curative
therapeutic strategy, however, more than half
of patients present with advanced stage and
lost chance for surgery. The 5-year overall sur-

therapy has been already to improve chance of
cure, yet there is no established standard
chemotherapy until to now. The combination
chemotherapy with gemcitabine or a platinum-
based agent is regarded as a standard treat-
ment, even if those treatment remains dismal
[4]. To date, we still lack an effective therapy to
improve survival of patients. Thus, clinical
markers that can predict response to the spe-
cific therapy and the prognosis should be
explored to guide individual therapy.

The human equilibrative nucleoside transporter
1 (hENT1) is a ubiquitous protein and is the
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Table 1. Clinicopathological characteristics based on RRM1 and hENT-1 expression for advanced bili-

ary tract cancer patients

o RRM1 hENT-1
Characteristics Total - - .
Negative P Negative Positive P

Age

<58 23 (52.27%) 6 (13.64%) 17 (38.63%) 10 (22.73%) 13 (29.55%)

>58 21 (47.73%) 9 (20.45%) 12 (27.27%) 0.241 8 (18.18%) 13 (29.55%) 0.717
Sex

Female 20 (45.45%) 9 (20.45%) 11 (25.00%) 13 (29.55%) 7 (15.91%)

Male 24 (54.55%) 6(13.64%) 18(40.91%) 0.163 5(11.36%) 19 (43.18%) 0.003
TNM stage

11111 28 (63,63%) 11(25.00%) 17 (38.63%)

11 (25.00%) 17 (38.63%)

% 16 (36.37%) 4 (9.10%) 12 (27.27%) 0.336 7(15.91%) 9(20.45%) 0.772
Tumor types

CcC 20 (45.45%) 9 (20.45%) 11 (25.00%) 0.163 10(22.73%) 10(22.73%)

GB 24 (54.55%) 6 (13.64%) 18 (40.91%) 8(18.18%) 16 (36.37%) 0.263
Metastasis site

Liver 25(56.82%) 7 (15.91%) 18(40.91%) 0.328 7(15.91%) 18 (40.91%) 0.046
Others 19 (43.18%) 8 (18.18%) 11 (25.00%) 11 (25.00%) 8 (18.18%)

CC, Cholangiocarcinoma; GB, Gallbladder.

major transporter by which gemcitabine enters
cultured human cells and hematopoietic pro-
genitor cells [5, 6]. When gemcitabine is trans-
ported into cell by hENT1, is phosphorylated by
deoxycytidine kinase (dCK) to its active diphos-
phate and triphosphate in a rate-limiting step.
As a result, the DNA chain termination, is a
major mechanism underlying the cytotoxicity of
gemcitabine [7]. Ribonucleotide reductase sub-
unit M1 (RRM1) is component of the ribonucle-
otide reductase (RNR) complex, locus on
human chromosome 11p15.5 shows frequent
loss of heterozygosity in cancer patients [8].
RRM1 depletion affects genetic instability dur-
ing tumor initiation [9]. Most importantly, RRM1
expression levels have been extensively as
markers of DNA repair capacity in tumor cells
and is generally associated with sensitivity to
platinum [10]. Of which has been validated as a
predictive biomarker for response to gemcit-
abine (G) using in situ protein levels in a phase
Il trial for patients with non-small cell lung can-
cer [11].

The hENT1 and RRM1 had been proposed as
one of predictive biomarkers for chemotherapy
sensitivity in patients with pancreatic cancer
and lung cancer [6, 11, 12]. A research about
BTC have determined prognostic predictive val-
ues of hENT1 and RRM1 in chemotherapy
based on gemcitabine alone [13]. It indicated
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that hENT1 is one of most reliable predictive
marker of survival in patients with advanced
BTC. At present study, we assessed the expres-
sions of hENT1 and RRM1 in tumor samples
from 44 patients with advanced BTC, who
received first-line gemcitabine alone, and com-
bined with 5-fluorouracil or cis-platinum. The
aim of this study was to investigate the associa-
tion between the expression of those proteins
and chemotherapy effectiveness.

Material and methods
Subjects

We performed a retrospective evaluation the
patients with histologically confirmed unresect-
able or postoperative advanced adenocarcino-
ma of biliary tract. In the end, a total of 44
patients treated with first-line gemcitabine
monotherapy, or combined with 5-fluorouracil
or cis-platinum, at Tianjin Medical University
Cancer Institute and Hospital, were included
between January 2006 and January 2013. BTC
patients comprised extrahepatic bile duct can-
cer and gallbladder cancer. All surgical speci-
mens were reviewed and classified according
to the WHO classification by an experienced
pathologist who was unknown of clinical or
imaging findings. Patients’ inclusion and exclu-
sion criteria are as followings: (1) all histological
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Figure 1. Immunohistochemical analysis of human equilibrative nucleoside transporter 1 (hENT1) expressions in
biliary tract cancer tissues. Representative immunohistochemical results, negative staining (A, magnification x200)
and (B, magnification x400), positive staining (C, magnification x200) and (D, magnification x400).

types of BTC patients were defined as adeno-
carcinoma; (2) were treated with gemcitabine
as one of major firs-line agent and receipted
more than two cycles chemotherapy treatment;
(3) the patients died after surgery less than one
month were excluded. Data from the medical
records were collected, including factors poten-
tially considered to be of prognostic value: age
at initial treatment, sex, tumor location (intra or
extrahepatic cholangiocarcinoma or gallblad-
der), number of chemotherapy cycles. Path-
ologic tumor-node-metastasis (TNM) stages
were established using the International
System for staging bile duct cancer adopted by
the American Joint Committee on cancer and
International Union against Cancer.

Efficacy assessments were conducted by com-
puted tomography (CT) or magnetic resonance
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imaging (MRI) every six weeks, according to
RECIST (version 1.0).

Immunohistochemistry

Fresh serial sections were cut at 2 ym from the
original diagnostic paraffin-embedded tissue
blocks, mounted on slides, dried overnight at
37°C, deparaffinized in xylene and rehydrated
through a graded series of alcohol solutions.
The slides were treated with 3% hydrogen per-
oxide in methanol for 15 minutes to block
endogenous peroxide activity. To retrieve the
antigenicities, slides were heated for 10 min-
utes at Antigen retrieval was performed in
140°C for 2 minutes by autoclave in Target
Retrieval Solution (Zhongshan Golden Bridge
Co., Beijing, China) and cooled at room temper-
ature for at least 30 minutes. After washing
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Figure 2. Immunohistochemical analysis of ribonucleotide reductase subunit M1 (RRM1) expressions in biliary tract
cancer tissues. Representative immunohistochemical results, negative staining (A, magnification x200) and (B,
maghnification x400), positive staining (C, magnification x200) and (D, magnification x400).

Table 2. RRM1 and hENT-1 expression association with che-
motherapy response

Clinical outcomes after chemotherapy
Variables SD+PR PD P

G 5 (11.36%) 4 (9.10%)
G+FU/G+P 4 (9.10%)/16 (36.37%) 1 (2.27%)/14 (31.82%) 0.932
RRM1

Negative 16 (36.37%) 6 (13.64%)

Positive 9 (20.45%) 13 (29.55%) 0.033
hENT-1

Negative 7 (15.91%) 11 (25.00%)

Positive 18 (40.91%) 8 (18.18%) 0.046

G, gemcitabine; FU, 5-fluorouracil; P, cis-platinum; PR, partial response; SD,
stable disease; PD, progression disease.

with phosphate-buffered saline (PBS), the sec-
tions were incubated in blocking serum for 30
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minutes at room temperature to
reduce nonspecific binding, fol-
lowed by incubation with anti-
hENT1 rabbit polyclonal antibody
(Santa Cruz Biotechnology, Santa
Cruz, CA, USA) with a dilution 1:100,
RRM1 rabbit monoclonal antibody
(Abcam Co., Cambridge, UK) with a
dilution 1:400. After that, the sec-
tions were incubated in a humidi-
fied chamber overnight at 4°C.
Then, the sections were incubated
with horseradish peroxidase (HRP)
conjugated mouse anti-rabbit 1gG
antibody complex (Zhongshan
Golden bridge Co., Beijing, China)
for 30 minutes at 37°C with a dilu-

tion 1:500. A diaminobenzidine (DAB) liquid
chromagen was placed on the samples for visu-
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alizing proteins. The sections were rinsed,
counterstained with hematoxylin, dehydrated
through graded alcohol and xylene, and cover
slipped.

Immunohistochemical evaluation

As previously reported [14], each tissue sample
was scored according to the intensity of nucle-
ar or cytoplasmic staining (no staining, O; weak
staining, 1+; moderate staining 2+; and strong
staining, 3+), and percentage of positive cells
(no staining, O0; < 10%, 1; 11%-50%, 2; > 50%,
3). The ratings were confirmed by two inde-
pendent pathologists. An immunoreactive
score was calculated by multiplying the staining
intensity by the percentage of cells showing
staining. We defined that a score < 6 as low
expression (negative), and > 6 as high expres-
sion (positive).

Statistical analysis

The significance of the correlation between
expressions and clinicopathological character-
istics was assessed by the chi-square test
(Fisher’s exact test). Survival probabilities were
calculated using the Kaplan-Meier method. To
test for independent relevance of the candi-
date prognostic factors, a univariate or multi-
variate Cox proportional hazards regression
model was fit for hRENT1 and RRM1. Progression-
free survival (PFS) according to clinical judge-
ment was measured from the date of first
chemotherapy to the date of first treatment
progression or death without any progressive
disease. Overall survival was measured from
the date of first treatment with chemotherapy
to the date of death or last follow-up evaluation.
Data on survivors were censored at the last
follow-up. For all tests, two-sided P values <
0.05 were defined as statistically significant. All
statistical analysis was performed using SPSS
15.0 statistical software (SPSS, Inc, Chicago,
lllinois, U S A).

Results

Clinicopathological characteristics of enrolled
BTC patients and association with expression
levels of hENT1 and RRM1

The basic clinicopathological characteristic of
44 patients was summarized in Table 1. As is
shown, there were 20 male and 24 female
patients with a median age of 58 years old
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(range 37-72 years old). Patients received a
median number of three cycles of chemothera-
py (range 2-8). There were 29 BTC patients with
TNM stage IlI-lll, and 15 patients with TNM
stage IV at initial diagnosis. Among of them,
there were 20 patients with cancerous lesions
located in cholangiocarcinoma (CC) and 24
patients with cancerous lesions located in gall-
bladder (GB). The major site of metastasis
included liver, lymph nodes and pancreas. 16
patients suffer from liver metastasis. And 9
patients had liver combined with lymph node
metastasis. 16 patients had other sites of
metastasis, of which included lung, pancreas,
pleura and so on. The last follow-up date was
on April 1, 2014. The median progression-free
survival time was 5 months (range 1-18
months). There were 35 patients died of tumor
progression. The median overall survival was
8.5 months (range 2-26 months). All of 44
patients had been successfully prepared can-
cerous samples, and evaluated the expression
of hENT1 and RRMZ1 by immunohistoche-
mistry.

There were 22 BTC patients with RRM1 positive
expression (scores > 6) and 26 BTC patients
with hENT1 positive expression. Examples of
positive and negative tumor staining are shown
in Figure 1A-D and Figure 2A-D. RRM1 immu-
nostaining was localized predominantly in the
membrane and cytoplasmic. While hENT1 was
expressed in nucleus and also in cytoplasmic
(Figure 2). We applied chi-square test to identi-
fy the significances between RRM1, hENT1
expression and clinicopathological characteris-
tic. As shown in Table 1, the expressions of
hENT1 were associated with age and metasta-
sis site. In the rest of parameters failed to show
significances in comparing with the expression
of RRM1 or hENT1.

Chemotherapy effectiveness and expression of
RRM1 and hENT1

The relationships of chemotherapy effective-
ness and expression of RRM1 and hETN1 are
summarized in Table 2. At present study, 9
patients with BTC were treated with gemcit-
abine, other 35 patients were used the combi-
nation chemotherapy regiments, of which were
combined with 5-fluorouracil (FU, 5 patients) or
cis-platinum (P, 30 patients). In total, 25
patients were partial response (PR) or stable
disease (SD). Interestingly, expression of RRM1
was significantly lower in patient with PR or SD

Int J Clin Exp Med 2014;7(12):5041-5049
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Figure 3. Time to progression in biliary tract cancer patients receiving chemotherapy according to hENT1 expression
levels by tumor cells. Kaplan-Meier estimates of progression free survival (PFS) (A) and overall survival (OS) (B).
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Figure 4. Time to progression in biliary tract cancer patients receiving chemotherapy according to RRM1 expression
levels by tumor cells. Kaplan-Meier estimates of progression free survival (PFS) (A) and overall survival (OS) (B).

than those with progression of disease (PD). On
the other hand, expression of hENT1 was sig-
nificantly higher in the patients with PR or SD.
In view of this, both RRM1 and hENT1 might
have an important role in affecting chemother-
apy efficacy of advanced BTC with significantly
difference.

Survival analysis according to RRM1 and
hENT1 expression

Next, Kaplan-Meier was used to analyse PFS
and OS. Those patients with higher hENT1 had
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a longer PFS in comparing with those low levels
(P=0.002, P=0.135, respectively) (Figure 3A).
Specifically, the median PFS in high levels of
hENT1 staining patients was 5 months, as com-
pared to 4 months in those with low hENT1
expression. Besides, the median OS in high lev-
els of hENT1 staining patients were 13 mon-
ths, while the patients with low hENT1 levels
were 7 months (Figure 3B). However, it failed to
reach statistical difference. Those patients
with low expression RRM1 showed a longer PFS
(Figure 4A) and OS (Figure 4B) time, but this
increase did not reach the statistical signifi-
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Table 3. Cox univariate and multivariate analysis in progression-free surviv-

al and overall survival

efits from chemothera-
py in term of response

Progression-free survival

Overall survival rate and mostly in term

of survival. In view of

Variables Univariate ~ Multivariate Univariate Multivariate . .

S R b S iR S this reason, |-t is now

necessary to find mole-

Age (< 58/>58) 0.742 0.881 NA 0.710 1.477 NA cular or genetic factors
Sex (female/male) 0.122 0.549 NA 0.059 0.426 NA predictive of response
TNM stage (II/111-IV) 0.890 1.033 0.850 0.611 1.148 0.466 to chemotherapy, to
Tumor types (CC/GB) 0.463 1.328 0.599 0.240 1.673 0.868 better select proper
Chemotherapy method 0.547 0.946 0.927 0.120 0.669 0.114 patients with proper
RRM1 (N/P) 0.507 0.767 0.718 0.945 0.968 0.173 treatment.
hENT-1 (N/P) 0.005 0.330  0.005 0.048 0.413  0.143

CC, Cholangiocarcinoma; GB, Gallbladder; N, negative; P, Positive; HR, Hazard ratio.

cance. Then, univariate analysis showed that
the expression of hENT1 was associated signifi-
cantly with PFS (P = 0.005) and OS (P = 0.048)
(Table 3). More importantly, multivariate analy-
sis indicated that the expression of hENT1 was
associated significantly with PFS (P = 0.005),
which indicated that hENT1 was an indepen-
dently factor of PFS for the patients with
advanced BTC. However, in the regardless of
parameters, age, sex, TNM stages, chemother-
apy, and tumor type were not associated with
OS (Table 3).

Discussion

BTC are invasive carcinomas deriving from the
epithelial lining of the gallbladder and bile
ducts. Patients with advanced BTC have a poor
prognosis with a median OS less than one year
[15]. In this retrospective study, we compared
the chemotherapy effectiveness between the
patients with positive and negative of RRM1 or
hENT1. We proved that patients with PR or SD
after chemotherapy had low RRM1 and high
hENT1 levels with significantly difference in
comparing those PD patients. Although,
Kaplan-Meier and Cox analysis did not indicate
that RRM1 was associated with PFS or OS. The
expression of hENT1 was a prognosis factor for
PFS and OS according to univariate Cox
analysis.

In many clinical trials conducted in BTC patients,
a significant but modest efficacy of classical
cytotoxic chemotherapy has been achieved.
Literature data suggest that gemcitabine and
gemcitabine-based platinum regimens offer a
real but slight advantage over other regimens
[16, 17]. Only a minority of patients really ben-
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hENT1 is the primary
gatekeeper for intracel-
lular uptake of gem-
citabine, and RRM1 related to gemcitabine
metabolism after intracellular entry. Expres-
sion of hENT1 and RRM1 might be as the indict-
ors to assess efficacy of adjuvant gemcitabine-
based chemotherapy for pancreatic carcinoma
[18]. Previously studies had showed that hENT1
in tumor tissues was a favorable factor for BTC
patients [5]. Few studies indicated the relation-
ship of chemotherapy efficiency and hENT1 and
RRM1 expression in patients with BTC. Only
one study was executed by Murata et al. that
included 28 patients with advanced BTC, deter-
mined the expression hENT1 and RRM1 as pre-
dictive factors for whom treated with gem-
citabine alone. They found that hENT1 other
than RRM1 was the most reliable predictive of
survival [13]. This is consistency with our find-
ings. We observed that the patients with high
levels of hENT1 favorable disease response.
According to previous research, which could be
partially explanation by hENT1 promoting the
transfer of chemotherapy drugs to tumor cells.
Furthermore, one of characteristics of our
cohort was that most of advanced BTC patients
with metastasis. The patient with liver metasta-
sis inclined to have high hENT1 levels. In other
word, hENT1 might play an important role in
regulating cancer cell migrate to liver.

Although, RRM1 did not show have a potential
to be one of prognostic factor for BTC. After
chemotherapy, patients with SD or PR had a
low RRM1 expression levels. Of those findings
might indicate that RRM1, not like hENT4, had
areverse role in regulating chemotherapy drugs
transport in cancer cells. Except pancreatic
cancer, several studies had explored the prog-
nostic potentials in predict prognosis of non-
small cell lung cancer [19-21], breast cancer
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[22], and myeloid leukemia [23]. As a result,
RRM1 was not a prognostic biomarker for
breast cancer. However, the expression of
RRM1 protein or SNP variations could be severe
as one of biomarkers for lung cancer and
myeloid leukemia. Besides, gemcitabine dip-
hosphate inhibits ribonucleotide reductase th-
rough binding to the active site of RRM1 lead-
ing to depletion of the deoxynucleotide pool
and halt of DNA synthesis [24, 25]. In view of
this, the overexpression of RRM1 might prevent
gemcitabine to halt the DNA synthesis and
bring with poor response to advanced BTC
patients.

However, the limitation of is that present study
is retrospective evaluation with a small cohort.
Prospective investigation including an ade-
quate number of samples is needed to confirm
the importance of chemotherapy sensitivity-
related biomarkers. In addition, the relation-
ships between chemotherapy effects in BTC
and other gemcitabine sensitivity-related gene
products such as RRM2, cytidine deaminase,
and human concentrative nucleoside trans-
porter 1 are remained to be elucidated for fur-
ther investigations. In conclusion, we have
shown that hENT1 and RRM1 were associated
with gemcitabine response. The hENT1 levels
were higher while RRM1 levels were lower in
patients with PR or SD for gemcitabine chemo-
therapy. Moreover, hENT1 was an independent
prognostic factor for advanced BTC patients.
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