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predictor for recurrence and prognosis
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Abstract: Prdx1 is an important member of peroxiredoxins (Prdxs) regulating various cellular signaling and differ-
entiation. Prdx1 confers an aggressive survival phenotype of cancer cells and drug-resistance, yet its role in hilar
cholangiocarcinoma is not fully investigated. In present study, we detected the expression profile of Prdx1 in 88
hilar cholangiocarcinoma by tissue arrays and immunohistochemistry. Prdx1 level was down-regulated by specific
Prdx1-shRNA in vitro and the possible mechanism was investigated. Overexpression of Prdx1 was observed in 53 of
88 cases (60.2%). Prdx1 expression was significantly associated with tumor invasion, nodal metastasis, advanced
disease stage. Down-regulation of Prdx1 inhibited cell proliferation and colony formation of QBC939 cells and re-
duced the level of SNAT1 expression. Patients with Prdx1 overexpression had a shorter disease-free survival and
overall survival than those without Prdx1 expression. Multivariate analysis showed that Prdx1 was an independent
prognostic factor for patients with hilar cholangiocarcinoma. The data indicate that Prdx1 may contribute to the
development and progression of hilar cholangiocarcinoma, partially through regulating SNAT1 expression, and may

be used as a biomarker in predicting the outcome of patients with hilar cholangiocarcinoma.
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Introduction

Cholangiocarcinoma is a relatively rare neo-
plasm with highly aggressive behavior and
extremely poor prognosis [1]. Over the past sev-
eral decades, the rates of cholangiocarcinoma
have been continuously rising worldwide.
Although great efforts have been made to
improve the rate of early diagnosis and treat-
ment efficacy of cholangiocarcinoma, the
5-year survival rates remain unchanged: rang-
ing from 20%-50% for patients with operable
tumors and 0% for those with inoperable dis-
eases [2]. Surgical resection offers the only
potential chance of cure and chemotherapy or
radiation contributes a little to the long-term
survival of cholangiocarcinoma cases. However,
the cancer is not easily detected until it is
advanced and then the majority of patients lost
the chance of completely resection when diag-
nosed. Therefore, exploring novel biomarkers is
of great value in predicting tumor recurrence
and patients’ outcome and even in developing
effective therapeutic strategies.

Reactive oxygen species (ROS) is responsible to
multiple physiological and pathological reac-
tions in the mammalian cells [3]. Increasing evi-
dences revealed that ROS plays a critical role in
many diseases, including certain cancers [4].
Peroxiredoxins (Prdxs), a family of small (22-27
kDa) peroxidase that could reduce intracellular
peroxides (one type of ROS), were highly
expressed in various cancer cells [5-7]. Prdxs
possess six mammalian isoforms and catalyze
peroxide reduction of H(2)O(2), organic hydro-
peroxides and peroxynitrite [8]. Recent studies
reported higher levels of Prdxs in various types
of human solid tumors and a strong association
with tumor progression, recurrence, and prog-
nosis [9-15]. Thus, Prdxs have been regarded
as potential predictive and therapeutic bio-
markers in cancer. Among these Prdxs, Prdx1 is
an important member regulating various cellu-
lar signaling and differentiation [16]. Multiple
studies suggest that Prdx1 confers an aggres-
sive survival phenotype of cancer cells and
drug-resistance. Most reports revealed elevat-
ed levels of Prdx1 in several cancer types,
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Table 1. Correlation between Prdx1 overex-
pression and clinicopathological parameters
of human hilar cholangiocarcinoma

Prdx1
Parameters
N N (%) P
Age
<b65y 43 33(76.7) 0.002
>55y 45 20 (44.4)
Gender
Male 62 41(66.1) 0.081
Female 26 12 (46.2)
Tumor size*
<3cm 30 16(53.3) 0.247
>3 cm 56 37 (66.1)
T stage
T1-3 14 2(14.3) <0.001
T4 74 51 (68.9)
N stage
No 29 11(379) 0.003
Yes 59 42(71.2)
Differentiation
High/moderate 67 37 (55.2) 0.087

Poor/un-differentiated 21 16 (76.2)

Disease stage
I/1 37 17 (45.9) 0.020
/v 51 36(70.6)

*Two cases were unavailable for tumor size.

including breast [17], esophageal squamous
cell [18], and lung cancer [19]. However, there
are opposite reports in esophageal squamous
cell carcinoma [20] and cholangiocarcinoma
[21].

The above studies identified Prdx1 as a promis-
ing candidate biomarker, but the contradictory
findings made the potential significance of
Prdx1 in hilar cholangiocarcinoma unclear.
Therefore, in the present study, we explored the
expression of Prdx1 in hilar cholangiocarcino-
ma and determined its clinical and prognostic
values. We further investigated the changes of
cell viability and its possible underlying mecha-
nisms by knocking down Prdx1 expression in
QBC939 cell lines.

Materials and methods
Cell lines and culture conditions

The hilar cholangiocarcinoma cell line QBC939
was purchased from the Cell Center of Chinese
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Academy of Sciences, Shanghai, China.
QBC939 was maintained in DMEM with 10%
fetal bovine serum (FBS) (Invitrogen Corp.,
Grand Island, NY). The cell lines were cultured
in a 37°C humidified atmosphere containing
95% air and 5% CO.,,.

Tissue samples and tissue microarray con-
struction

Eighty-eight patients with hilar cholangiocarci-
noma from the Department of Surgery, Eastern
Hepatobiliary Hospital and the Department of
Medical Oncology, Changzheng Hospital,
Shanghai, China from 2004 to 2008 were
enrolled in this study. Hematoxylin and eosin
(HE) stained slides were prepared and reviewed
by two pathologists to select the typical tissue
blocks. These patient characteristics are listed
in Table 1. Of the 88 CCA samples, 62 were
from male patients and 26 from female
patients. Mean age of patients at tumor resec-
tion was 55 years old ranging from 31 to 79
years; All these patients received no preopera-
tive treatment, either radiotherapy or chemo-
therapy. The median follow-up for these
patients was 16 months, ranging from 1 to 59
months, while one patient was lost during fol-
low-up. The Institutional Review Board of both
Eastern Hepatobiliary Hospital and Changzheng
Hospital approved the use of the tissues and
clinical information and a inform consent was
obtained from each patient or their guardians.

Three paraffin-embedded tissue microarray
blocks were created using a manual arrayer
(Beecher Instruments, Sun Prairie, WI, USA) as
previously described, which contained normal
and tumor tissue specimens from these
patients.

Immunohistochemistry

Four-micron paraffin-embedded sections from
the tissue microarrays were prepared as
described previously and processed for Prdx1
(dilution 1:100, EPR5434; EPITOMICS, Califor-
nia, US) and SNAT1 (dilution 1:100, ab59721;
Abcam, Cambridge, UK) proteins immunohisto-
chemical staining. An S-p (Streptavidin-Biotin)
kit (#KIT-9720, MAIXIN, Fuzhou, China) was
used to visualize antibody binding to the tis-
sues. A counterstaining was performed with
haematoxylin. Control sections were incubated
with  PBS only instead of the primary
antibodies.

Int J Clin Exp Pathol 2015;8(9):9863-9874
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Figure 1. Analysis of Prdx1 expression in human hilar cholangiocarcinoma and adjacent non-cancerous specimens.
(A) Normal tissues showed negative staining of Prdx1; (B) Strong positive staining of Prdx1 in the cytoplasm of can-
cer cells; (C) Weak staining of Prdx1 in cancer cells; (D) Negative staining of Prdx1 in cancer cells; (E) Western blot
analysis of three paired cancer specimens (T) and adjacent non-cancerous specimens (N); (F) Relative amounts of
protein in these specimens vs B-actin from (E) analyzed by Image J. Original magnification of (A-D) 40 x; Original
maghnification of small pictures in (A-D) 200 x.

Review and scoring of immunohistochemically an Olympus CX31 microscope (Olympus, Center
stained sections Valley, PA) without any knowledge of clinical

information. Any discrepancy was dissolved by
The stained TMA sections were independently re-evaluating the sections by these two pathol-
evaluated and scored by two individuals under ogists. A mean percentage of positive tumor
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cells was determined in five areas at x 400
maghnifications and assigned from 0% to 100%.
The intensity of immunostaining was scored as
follows: negative, O; weak, 1; moderate, 2; and
intense, 3. Therefore, a weighted score was
generated for each case: ranging from O (O of
cells staining) to 3 (100% of the cells staining at
3+ intensity). For convenience in statistical
analysis, we defined the score <0.75 as low
expression and =0.75 as overexpression.

Western blot analysis

CCA cell lines, cancer specimens and matched
non-tumor tissues were prepared for Western
blot analysis. Standard Western blotting was
performed using a rabbit antibody against
human Prdx1 (1:1000) and SNATZ1 (1:1000)
and an anti-rabbit IgG antibody, which was a
horseradish peroxidaselinked F(ab’), fragments
obtained from a donkey (Amersham) as previ-
ously described. Equal protein sample loading
was monitored by probing the same membrane
filter with an anti-B-actin antibody.

Plasmids and transfections

The shRNA-Prdx1 and unspecific scrambled
shRNA plasmids were purchased from Gene-
chem Company, Shanghai, China. QBC939
cells were digested and 1 x 10° cells were
seeded in six well plates. At 24 hours, transfec-
tion was carried out using Lipofectamine™
2000 reagent (Invitrogen, Karlsruhe, Germany)
and 5 ng shRNA plasmid per well according to
the manufacturer’s instructions.

Cell proliferation assay

Cells were digested and 5000 cells were seed-
ed in 96-well plates at 12 hours after transfec-
tion and incubated in medium with 10% FBS. At
24 h, 48 h, and 72 h, CCK8 assay (Dojindo
Kumamoto, Japan) was performed to measure
the final results. The experiment was repeated
three times independently.

Colony formation assay

Cells were digested at 12 hours after transfec-
tion and seeded in 6-well plates in triplicate at
a density of 500 cells/well for 14 days at 37°C.
The colonies were fixed with methanol/acetone
(1:1) and stained with crystal violet. Colonies
with cell numbers of more than 50 cells per
colony were counted.
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Statistical analysis

Statistical analysis was performed using the
SPSS 16.0 statistical software program for
Microsoft Windows. Categorical data were ana-
lyzed using x? statistics tests. Within-group cor-
relations of variables were assessed using
Pearson’s correlation coefficient or Spearman’s
rank correlation coefficient. The Kaplan-Meier
method was used to estimate survival rates
and the log-rank and the Wilcoxon rank sum
tests were performed to assess survival differ-
ences between groups. The Cox proportional
hazards model for multivariate survival analysis
was used to assess predictors related to sur-
vival. The significance of the in vitro results was
determined by using the Student t test (two
tailed). Two-sided P value <0.05 was consid-
ered statistically significant.

Results

Prdx1 expression in patients with hilar cholan-
giocarcinoma

Immunohistochemistry analysis showed that
Prdx1 positive staining was preferentially cyto-
plasm-localized. The epithelium in normal bile
ducts showed negative or weak staining of
Prdx1 (Figure 1A). In contrast, Prdx1 was highly
expressed in the tumor cells (Figure 2B). This
result was further confirmed by Western blot
analysis that Prdx1 level was up-regulated in
the tumor tissues compared with the adjacent
non-cancerous tissues from the same patients
(Figure 1E, 1F). The mean values of Prdx1 in
tumor tissues were 1.10+0.96, significantly
higher than that in normal tissue: 0.40+0.72
(Figure 2A). Among these 88 tumors, 53
(60.2%) showed overexpression of Prdx1 and
35 (39.8%) showed low/absent expression of
Prdx1.

Correlation between Prdx1 expression and
clinicopathologic characteristics of hilar chol-
angiocarcinoma

Table 1 presented the association between
Prdx1 overexpression and clinicopathological
parameters of hilar cholangiocarcinoma. No
significant relationship was observed between
Prdx1 expression and gender, tumor size, tis-
sue differentiation. There was a statistically sig-
nificant association between Prdx1 expression
and age, tumor invasion, lymph node metasta-
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Figure 2. Expression level of Prdx1 in different tissues. A. Higher level of Prdx1 expression in cancer tissues (T)
(1.20+0.95) compared with that in normal tissues (N) (0.41+0.72). B. Higher level of Prdx1 expression in cancer
tissues with lymph node metastasis (1.32+0.98) compared with that cancer tissues without lymph node metastasis

(0.68+0.70). *P<0.05; **P<0.01.

sis and disease stage. Up-regulation of Prdx1
was more often observed in highly invasive
tumors (T4, 68.9%) than less invasive tumors
(T1-3, 14.3%; P<0.001). In addition, Activation
of Prdx1 occurred more frequently in patients
with regional LN metastasis (71.2%) than in
NO-stage tumors (37.9%; P=0.003). The mean
values of Prdx1 in tumor tissues with nodal
metastasis were 1.32+0.98, significantly high-
er than that without nodal metastasis:
0.68+0.70 (Figure 2B). As for TNM stage,
increased expression of Prdx1 significantly cor-
related with advanced disease stage: 70.6% at
stage lll/IV and 45.9% at stage I/Il (P=0.020).

Relationship of Prdx1 expression with poor
outcome in patients with hilar cholangiocarci-
noma

The single cohort consisted of 62 male (70.5%)
and 26 female (29.5%) patients with the medi-
an age of 55.5 y (range, 31-79 y) and the medi-
an survival duration of 16 mo. Factors that
associated with tumor recurrence in univariate
analysis were tumor invasion (52.3 mo for
T1-T3 tumors vs. 19.8 mo for T4 tumors;
P<0.001), surgical types (38.4 mo for RO vs.
16.9 mo for R1-2; P<0.001), lymph node metas-
tasis (19.0 mo for LN-positive tumors vs. 37.4
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mo for LN-negative tumors; P=0.002), tissue
differentiation (29.4 mo for well/moderate dif-
ferentiated tumors vs. 15.9 mon poor/un-dif-
ferentiated tumors; P=0.017) and TNM stage
(33.3 mo for stages | and |l disease vs. 20.5 mo
for stage Il and IV disease; P=0.019).
Specifically, patients with Prdx1-low/absent
expression tumors had a future recurrence of
36.0 mo, whereas patients with Prdx1-
overexpression tumors had a recurrence of
176 mo (P=0.001) (Figure 3). Multivariate
analysis using the Cox proportional hazards
model for all significant variables in univariate
analysis showed that tumor invasion and lymph
node metastasis was independent prognostic
factors, while Prdx1 was not (P=0.469)

(Supplementary Table 1).

As for overall survival, the valuable factors in
univariate analysis were tumor invasion (52.4
mo for T1-3 tumors vs. 23.4 mo for T4 tumors;
P<0.001), LN metastasis (22.5 mo for
LN-positive tumor vs. 41.1 mo for LN-negative
tumors; P=0.002), surgical types (41.9 mo for
RO vs. 20.4 mo for R1-2; P<0.001), tissue dif-
ferentiation (32.6 mo for well/moderate differ-
entiated tumors vs. 18.6 mo for poor/un-differ-
entiated tumors; P=0.017) and TNM stage
(36.5 mo for stages | and Il disease vs. 23.7 mo

Int J Clin Exp Pathol 2015;8(9):9863-9874
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Figure 3. Kaplan-Meier curves of disease-free survival durations in patients
with hilar cholangiocarcinoma according to the expression of Prdx1. Patients
with Prdx1 overexpression had shorter time to recurrence than those without
Prdx1 expression (17.6 mo vs. 36.0 mo; P=0.001).
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Figure 4. Kaplan-Meier curves of overall survival durations in patients with
hilar cholangiocarcinoma according to the expression of Prdx1. Patients with
Prdx1 overexpression had shorter overall survival duration than those with-
out Prdx1 expression (20.2 mo vs. 41.8 mo; P<0.001).

for stage lll and IV disease;
P=0.016). Overexpression of
Prdx1 correlated with decre-
ased survival durations. Pati-
ents with Prdx1-low/absent
tumors had a median survival
of 41.8 mo, whereas patients
with Prdx1-overexpression tu-
mors had a median survival of
20.2 mo (P<0.001) (Figure 4).
Multivariate analysis by Cox
Regression showed that Prd-
x1 overexpression and tumor
invasion were independent
prognostic factors (Table 2).

Knockdown of Prdx1 by
shRNA inhibits prolifera-
tion and colony formation of
QBC939 cells

We next assessed the func-
tional significance of QBC939
cells by knocking down Prdx1
using specific Prdx1-shRNA.
As shown in Figure 5A and
5B, in QBC939 cells, Prdx1-
shRNA leads to a sharp reduc-
tion of Prdx1 protein level at
48 hours after the transfec-
tion. The knockdown of Prdx1
significantly inhibited cell via-
bility (Figure 5C) as well as
colony formation (Figure 5D
and 5E) of QBC939 cells.
Interestingly, we found that
Prdx1 knockdown reduced
SNAT1 protein levels in com-
pared with the controls (Fig-
ure 5B).

Co-expression of Prdx1 and
SNAT1 in human hilar cholan-
giocarcinoma

SNAT1 immunostaining was
preferentially cytoplasm-local-
ized. Normal bile duct showed
negative or weak expression
of SNAT1 (Figure S1A), while
increased  expression  of
SNAT1 was observed in 53.4%
(47/88) cases (Figure S1B). As
shown in  Supplementary
Table 2, there was a signifi-
cant association between
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Table 2. Cox proportional hazards model analysis of prognostic factors

. 95.0% ClI
B SE Wald Sig. Exp (B)
Lower  Upper
Tumor invasion (T1-3 vs. T4) -2.457 0.784 9.827 0.002 0.086 0.018 0.398
Differentiation (High/moderate vs. poor) -0.379 0.359 1.112 0.292 0.684 0.338 1.385
Surgical methods (RO vs. R1-2) -0.540 0.577 0.877 0.349 0.583 0.188 1.805
TNM (I/11 vs. 11I/1V) 0.348 0.333 1.093 0.296 1416 0.738 2.718
Prdx1 (positive vs. negative) -0.955 0.433 4.873 0.027 0.38 0.165 0.898
Nodal metastasis (Yes vs. No) 0.353 0.196 3.230 0.072 1423 0.969 2.092

SNAT1 expression and tumor invasion, lymph
node metastasis and tissue differentiation. No
significant relationship was observed between
SNAT1 expression and tumor size and age.
Although not reach significant difference,
SNAT1 expression was more frequently
observed in tumor specimens from patients at
stage lll/IVthan those at stage I/Il. Interestingly,
further analysis revealed that Prdx1 expression
significantly correlated with SNAT1 expression
(P=0.001, r=0.335). Coexpression of SNAT1
and Prdx1 were observed in 36 (40.9%) tumors,
while 24 (27.2%) tumors showed no expression
of both (Table 3). In the majority of the cases,
Prdx1 expression co-localized with SNAT1
expression in the same specimens (Figure 6).

Discussion

Hilar cholangiocarcinoma continues to be one
of the most high frequency causes of cancer
related mortality. In order to prolong the long-
term survival of these patients, it is essential to
improve the understanding of the pathophysiol-
ogy of hilar cholangiocarcinoma and to identify
proteins and molecular pathways that affect
cell proliferation and survival functions. In-
creasing evidences suggest that Prdx1 may be
an important component underlying these
mechanisms and up-regulation of Prdx1 vari-
ous tumors serves as a valuable prognostic fac-
tor and a potential therapeutic target. Although
Yonglitthipagon et al. reported an inversely
association between Prdx1l expression and
clinical outcome in cholangiocarcinoma, Prdx1
was overexpressed in cancer tissues compared
with normal tissues [21]. Especially, the clino-
copathological parameters (lacking tumor inva-
sion, lymph node metastasis, TNM stage, and
surgical type) were not sufficient for analyzing
the association between Prdx1 expression and
characteristics of cholangiocarcinoma, and
overall survival in multivariate analysis as well.
In this study, we collected the detailed medical
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information for patients with hilar cholangiocar-
cinoma and investigated the clinical signifi-
cance of Prdx1 in these patients. Unexpectedly,
our results showed that Prdx1 was up-regulat-
ed in cancer cells compared with non-cancer-
ous tissues and over-expression of Prdx1 cor-
related significantly with tumor invasion, lymph
node metastasis, and disease progression.
Patients with high expression of Prdx1 had a
shorter time to recurrence and poor clinical out-
come than those with Prdx1 low/absent expres-
sion. Moreover, a high level of Prdx1 expression
is an independent and significant prognostic
factor for poor survival outcome in patients
with hilar cholangiocacinoma. Prdx1 expres-
sion level increased the relative risk of death in
these patients analyzed by the multivariate Cox
proportional hazards model. Multivariate analy-
sis showed that Prdx1 was not an independent
factor in predicting tumor recurrence. The cur-
rent findings, together with the previous results
by others, suggest that Prdx1 may play a poten-
tial and critical role in the malignant progres-
sion of hilar cholangiocarcinoma.

Prdx1 belongs to a family of peroxidases and
functions as an antioxidant by protecting cells
from DNA damage and mutagenesis induced
by reactive oxygen species (ROS) [8, 22, 23].
Recently, the expression profiles and potential
role of Prdx1 in cancers were widely explored,
but the results were controversial [24]. Firstly,
Prdx1l was regarded as a tumor suppressor
since transgenic mice lacking the Prdx1 gene
developed several tumors at high frequency
[25] and reduced Prdx1 expression correlated
with tumor invasion and poor clinical outcome
in esophageal squamous cell carcinoma [20]
and cholangiocarcinoma [21]. However, re-
expression of Prdx1 in cancer cells fails to
induce cell death and Prdx1 expression was
increased in numerous types of cancers, includ-
ing lung [13], gallbladder [26], bladder [27],

Int J Clin Exp Pathol 2015;8(9):9863-9874
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Figure 5. Silencing of Prdx1 by specific Prdx1-shRNA inhibits cancer cell proliferation and colony formation. QBC939
cells were transfected with Prdx1-shRNA for 48 hours and immunofluorescence assay (A) and Western blotting (B)
was used to detect the expression status of Prdx1; (C) QBC cells transfected with Prdx1-shRNA and CCK8 assay was
performed at 48 hours; *P<0.05, compared with control. (D, E) QBC cells transfected with Prdx1-shRNA were grown
in 6-well plates and incubated with 10% FBS for 2 weeks. The numbers of the cell colonies (>50 cells) were obtained
and calculated as: colonies/500 x 100. *P<0.05, compared with control.

Table 3. The correlation between Prdx1 and

SNAT1
SNAT1
Prdx1 R P
- +
- 24 11 0.335 0.001
+ 17 36
9870

prostate [28], and breast cancer [17].
Interestingly, evaluated expressions of Prdx1
were significantly associated with poor overall
survival in these reported tumors. Our present
study also indicated that Prdx1 was not only
overexpressed in hilar cholangiocarcinoma, but
also was an independent prognostic factor,

Int J Clin Exp Pathol 2015;8(9):9863-9874
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Figure 6. Representative pictures showing co-expression of Prdx1 and SNAT1 in human hilar cholangiocarcinoma
from the same patients. A, Al: Positive staining of Prdx1 in cancer cells; B, B1: Positive staining of SNAT1 in cancer
cells. C: Statistics showed a significant correlation between Prdx1 and SNAT1 (r=0.335, P=0.001). Original magnifi-

cation of A and B: 40 x; Original magnification of A1, B1: 400 x.

suggesting a strong relevance of Prdx1 with
malignancy.

Up-regulation of Prdx1 in cancers makes it an
attractive target for therapeutic intervention.
Accumulated studies proved that silencing
Prdxs inhibited cell proliferation and apoptosis
in cancer cells. In present study, we also
observed reduced abilities of cell proliferation
and colony formation by downregulating Prdx1
using specific shRNA. Our data are in line with a
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previous study showing that Prdx1 controls cell
growth and tumor vasculature in prostate can-
cer [28]. Taken together, these in vivo and in
vitro experiments suggested the Prdx1l is
essential in maintaining cell growth and tumor
survival.

Prdx1 modulates cell growth by regulating cell
signaling via interacting signaling proteins,
such as the kinases c-Abl, JNK, the oncopro-
tein c-myc, VEGF, COX-2, and the phosphatase

Int J Clin Exp Pathol 2015;8(9):9863-9874
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PTEN, resulting continuous cell proliferation
and oncogenesis [28-32]. Aguilar-Melero et al.
reports that silencing Prdx1 in HepG2 cells
leads to altered expression of key enzymes of
carbohydrate and amino acid metabolism, sug-
gesting a disturbance of the Warburg effect
and glutamine utilization in cancer cells [33].
Increased activity of amino acid metabolism is
the major characteristic of tumor cells. Recent
studies showed that the amino acid carrier
plays a pivotal role in energy metabolism and
malignant transformation of mammal cell [34].
SANT1 is a glutamine transporter, providing
metabolic fuel for glutathione synthesis [35].
Interestingly, SNAT1 expression was found to
be increased in human various types of tumors,
including hepatic carcinoma [36], breast [37],
and hilar changiocarcinoma [38]. In this study,
SNAT1 level was downregulated induced by
Prdx1-shRNA in QBC939 cells. In line with previ-
ous study that oxidative stress significantly
enhanced cysteine uptake, which was accom-
panied by significantly enhanced SNAT1 expres-
sion [39], the data highlights the critical role of
Prdx1-SNAT1 cross-talk in energy metabolism
in cancer cells.

High levels of SNAT1 expression significantly
correlated with tumor invasion and clinical
stage in some types of tumors including hilar
cholangiocarcinoma. A previous study revealed
overexpression of SNAT1 in 44.9% patients
with hilar cholangiocarcinoma and a significant
association with lymph node metastasis.
Similarly, our present data showed that SNAT1
was evaluated in 53.4% cases and correlated
significantly with tumor invasion, lymph node
metastasis, and tissue de-differentiation. More-
over, Prdx1 expression co-localized with SNAT1
expression in the majority of caner tissue speci-
mens. Prdx1(+)/SNAT1(+) was observed in 36
cases, while Prdx1(-)/SNAT1(-) was in 24 cases,
accounting 68.2% of all cases. To our knowl-
edge, this is the first report demonstrating the
cross-talk between Prdx1 and SNAT1 in cancer
cells and its potential role in cell growth.
However, the underlying mechanism of this
cross-talk promoting cell growth and tumori-
genesis needs further investigation.

In summary, Prdx1 was frequently evaluated in
human hilar cholangiocarcinoma and its over-
expression was associated with disease pro-
gression and poor clinical outcome. Silencing
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SNAT1 inhibited cell proliferation and colony
formation by down-regulating SNAT expression.
The cross-talk between Prdx1 and SNAT1 pro-
vides a novel clue for exploring prognostic bio-
markers and potential therapeutic targets for
hilar cholangiocarcinoma and other cancers.
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Supplementary Table 1. Cox proportional hazards model analysis of predictive factors for tumor

recurrence
. 95.0% ClI
B SE Wald Sig. Exp (B)

Lower Upper
Tumor invasion (T1-3 vs. T4) -2.573 0.772 11.095 0.001 0.076 0.017 0.347
Differentiation (High/moderate vs. poor) -0.371 0.357 1.084 0.298 0.690 0.343 1.388
Surgical methods (RO vs. R1-2) -0.482 0.565 0.728 0.394 0.617 0.204 1.869
TNM (I/11 vs. 11I/1V) 0.272 0.320 0.721 0.396 1.312 0.701 2.456
Prdx1 (positive vs. negative) -0.296 0.409 0.523 0.469 0.744 0.334 1.658
Nodal metastasis (Yes vs. No) -0.758 0.348 4.730 0.030 0.469 0.237 0.928

Supplementary Table 2. Correlation between

SNAT1 overexpression and clinicopathologi-

cal parameters of human hilar cholangiocar-

cinoma
SNAT1
Parameters
N N (%)
Age
<55y 43 26 (60.5) 0.195
>55y 45 21 (46.7)
Gender
Male 62 29(46.8) 0.054
Female 26 18(69.2)
Tumor size
<3cm 30 14 (46.7) 0.276
>3 ¢cm 56 33(58.9)
T stage
T1-3 14 2(14.3) 0.001
T4 74 45 (60.8)
N stage
No 29 8(27.6) 0.001
Yes 59 39(66.1)
Differentiation
High/moderate 67 29(43.3) 0.001
Poor/un-differentiated 21 18 (85.7)
Disease stage
/1 37 16(43.2) 0.079
/v 51 31(60.8)
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Figure S1. Expression of SNAT1 in normal bile duct cells (A) and cholangiocarcinoma cells (B). Original magnifica-
tion: 400 x.



