Am J Transl Res 2017;9(5):2106-2118
www.ajtr.org /ISSN:1943-8141/AJTRO043233

Original Article

Expression and prognostic value of glutamate
dehydrogenase in extrahepatic
cholangiocarcinoma patients

Zheng Su?, Gaojie Liu?3, Tingfeng Fang?#, Ketao Zhang?°, Shanglin Yang?®, Huayao Zhang?, Yang Wang’,
Zejian Lv8, Jianping Liu?®

1Department of Hepatobiliary Surgery, Guizhou Provincial People’s Hospital, Guiyang 550002, China; °Key Labo-
ratory of Malignant Tumor Gene Regulation and Target Therapy of Guangdong Higher Education Institutes, Sun
Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou 510120, China; *Department of Gastrointestinal
Surgery, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou 510120, China; “Department of Gyn-
aecology and Obstetrics, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou 510120, China; °De-
partment of Hepatobiliary Surgery, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou 510120,
China; °Department of Breast Surgery, The Third Hospital of Dongguan, Dongguan 523326, China; "Department
of General Surgery, Shenzhen Hospital of Armed Police Frontier Corps, Shenzhen 518029, China; 8Department of
Gastrointestinal Surgery, Guangdong Provincial People’s Hospital, Guangzhou 510120, China

Received October 31, 2016; Accepted February 8, 2017; Epub May 15, 2017; Published May 30, 2017

Abstract: Glutamate dehydrogenase (GDH) produces a precursor to glutathione, an important molecule in maintain-
ing cellular redox balance and the cancerous characteristics of tumor cells through intracellular signaling pathways.
However, the underlying molecular mechanisms linking glutamate dehydrogenase and extrahepatic cholangiocarci-
noma have not been elucidated yet. Herein, we examined GDH expression levels and evaluated its potential correla-
tions with prognosis. Meanwhile, the therapeutic value of GDH targeting the Smad pathways in extrahepatic chol-
angiocarcinoma was explored. Immunohistochemical studies revealed that GDH expression level was correlated to
CD34 expression, cellular differentiation, the presence or absence of capsular and vascular invasion, lymph node
metastasis, neural invasion and patient age. Kaplan-Meier survival analysis and COX proportional hazards models
demonstrated that the prognosis was closely associated with GDH expression, CD34 positivity, nerve infiltration and
cell differentiation. GDH silencing significantly reduced the proliferation, migratory potential and invasive capability.
We also demonstrated that GDH promoted cell proliferation and metastasis potentially through Smad-mediated
induction of TGF-B signaling pathway. Therefore, GDH may be an important prognostic indicator and may provide a
new target for novel treatments of extrahepatic cholangiocarcinoma.
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Introduction improves patient long-term survival [3]. For
unresectable extrahepatic cholangiocarcino-

The prognosis of cholangiocarcinoma is histori- ma, chemotherapy and radiotherapy have no

cally poor since that early diagnosis is difficult.
Insidious onset and sub-clinical symptoms
result in a low survival rate. Progression of
extrahepatic cholangiocarcinoma may be relat-
ed to interactions between susceptibility genes
and the environmental, however, extrahepatic
cholangiocarcinoma has high morbidity with its
pathogenesis not well understood [1, 2].
Currently, surgery is the only curative treat-
ment. Recent research has demonstrated that
the combination of new adjuvant chemothera-
py with radical cholangiocarcinoma surgery

definitive therapeutic effect. To date, there is no
sufficient evidence demonstrating chemothera-
py can significantly improve survival in extrahe-
patic cholangiocarcinoma patients with or with-
out the surgical resection [4]. Most patients
whose tumors cannot be resected die within 12
months of diagnosis due to cachexia and dete-
riorating physical condition [5]. Liver failure,
severe sepsis and secondary obstructive jaun-
dice accelerate the death rate. Less than 5% of
extrahepatic cholangiocarcinoma patients sur-
vive more than five years, and the survival rate
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has not improved significantly in the past 30
years [6].

The current study focused on signaling path-
ways underpinning extrahepatic cholangiocar-
cinoma development. The transforming growth
factor-B (TGF-B) signaling pathway plays a com-
plex role in embryonic development and physi-
ological and pathological development in
adults, showing a popular target in cancer
researches [7, 8]. The TGF-B superfamily is
responsible for a variety of biological functions,
including regulation of cell proliferation, differ-
entiation, migration, survival, angiogenesis and
immune monitoring [9]. The receptors for the
TGF-B superfamily are transmembrane serine/
threonine kinase receptors that are distributed
on the cell membrane and are divided into type
| and type Il. Activation of serine/threonine
kinase type | receptors may trigger many down-
stream signaling pathways [10], including the
Smad signaling pathway, which comprises ele-
ments termed Smads that play a key role in the
TGF-B signaling pathway. Aberrant expression
or dysfunction of Smad can significantly alter
the effects of the TGF-[3 pathway.

During tumorigenesis and development, a
series of changes occur both inside and out-
side tumor cells. An important feature of cancer
cells is a change in cellular energy metabolism.
To maintain rapid growth during cancer cell pro-
liferation, cancer cells must accelerate the syn-
thesis of ATP, nucleotides, lipids and other bio-
logical macromolecules; only with adequate
nutrition can normal cell division be ensured
[11]. Although the relationship between cellular
metabolism and tumorigenesis was first
addressed nearly 100 years ago by Otto
Warburg, the molecular mechanisms linking
metabolic pathways and tumorigenesis have
been revealed only recently, introducing a new
area of cancer research.

Glutamate dehydrogenase (GDH) plays a key
role in glutamine metabolism. Glutamine meta-
bolism and its role in tumor cells is of consider-
able interest [12]. Glutamine metabolism pro-
vides energy and the material basis for rapid
tumor cell growth and proliferation; GDH plays
a key role in the generation of glutathione,
which is an important molecule in maintaining
cellular redox balance. GDH also plays a role in
maintaining the cancerous characteristics of
tumor cells by influencing intracellular signaling
pathways [13]. Glutamine metabolism also
plays an important role in mTORC 1 activity
[14]. Thus, inhibition of glutamine metabolism
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can provide an effective strategy for cancer
therapy. However, the expression and prognos-
tic value of GDH in extrahepatic cholangiocarci-
noma has not been well investigated.

In the present study, we examined the expres-
sion of GDH in extrahepatic cholangiocarcino-
ma and analyzed the clinical significance of
GDH in a cohort of extrahepatic cholangiocarci-
noma patients. In addition, we explored the
potential role of GDH in the proliferation and
motility of extrahepatic cholangiocarcinoma
cells. Our results provide insights into the
pathogenesis of extrahepatic cholangiocarci-
noma and may provide a novel therapeutic tar-
get for the treatment of extrahepatic
cholangiocarcinoma.

Material and methods
Tissue sample collection

We collected 155 paraffin-embedded biopsy
specimens from patients with extrahepatic
cholangiocarcinoma at Sun Yat-sen Memorial
Hospital from June 2005 to June 2015. All the
patients were pathologically diagnosed with
extrahepatic cholangiocarcinoma after surgery
without receiving chemotherapy or radiothera-
py. The cohort included 103 males and 52
females aged 37 to 79 years old (median age of
63 years), with 66 cases <60 years old and 89
cases =60 years old. Fifty samples were
CD34+, and 105 samples were CD34-. Acc-
ording to the WHO pathological classification
criteria, 58 cases were highly differentiated
adenocarcinomas, 49 cases were moderately
differentiated adenocarcinomas, and 48 cases
were poorly differentiated adenocarcinomas.
Visual and/or pathological analysis identified
vascular thrombosis in 24 cases; vascular inva-
sion in 131 cases; lymph node metastases in
46 cases; no lymph node metastases in 109
cases; enveloped and neural invasion in 50
cases; and no neural invasion in 105 cases. In
addition, we collected fresh frozen specimens
of surgically removed extrahepatic tissues for
nearly two years from our hospital; adjacent
normal biliary mucosal tissues were collected
in 32 cases for subsequent experiments.

Immunohistochemistry

The immunohistochemical SP staining tech-
nique was used to detect the protein expres-
sion of GDH in extrahepatic cholangiocarcino-
ma samples/cells. A standard extrahepatic
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cholangiocarcinoma specimen was used as a
positive control and the primary antibody was
replaced by PBS as a negative control; 11 nor-
mal bile duct tissues were used as normal tis-
sue controls. After screening according to the
above conditions, a final total of 155 cases of
patients conformed to the inclusion criteria. In
this study, tumor differentiation was character-
ized as low, medium or high grade.

A standard for positive result determination:
The staining intensity of GDH-positive samples
ranged from light yellow to tan to sepia and was
mainly located in the cytoplasm. We scored
positive cells using a two-stage method based
on the proportion of positive cells in each of five
representative high-power fields using a Leica
DMR microscope (Leica Microsystems, Wetzlar,
Germany) (0. no positive cells; 1. positive cells
less than 10%; 2. positive cells between 10%
and 35%; 3. positive cells between 35% and
70%; 4. positive cells more than 70%). The
staining intensity was classified as follows: light
yellow received 1 point, yellow or dark yellow
received 2 points, and brown or tan received 3
points. The total score was obtained by multi-
plying the two individual scores, with results
ranging from O (no positive cells) to 12 (a score
of 4 with strong positive expression). To facili-
tate comparison among lesions with different
staining intensities, the results of the above
scoring were differentiated into three catego-
ries: + <75, ++ 75-150, +++ >150. In the dou-
ble-blind method, each slice was read by two
people, and re-analysis was performed if the
counts differed by >10% (Table 1).

Regular follow-up

All patients underwent standardized follow-up.
The follow-up examination included abdominal
ultrasound, chest X-ray, liver function tests,
serum CA19-9 and CEA levels. Patients were
examined once every two months for two years
after surgery, then every three months thereaf-
ter. Contrast-enhanced CT or MRI was per-
formed at six-month intervals after surgery. The
study end point was June 31, 2015. The preop-
erative diagnostic criteria were consistent with
the tumor recurrence diagnostic criteria, includ-
ing ultrasound, contrast-enhanced CT, MRI or
hepatic artery angiography.

Cell culture and subculture

Human extrahepatic cholangiocarcinoma cell
lines (QBC, RBE, FRN, FRH0201, 9810 and
HuH-28) were purchased from the Gisele bio-
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technology company (Guangzhou, China). Cells
were cultured in RPMI 1640 medium supple-
mented with 20% FBS; cells were maintained at
37°C in an incubator with 5% CO,. Cells were
were grown to ~80-90% confluency and pas-
saged after conventional trypsinization. Briefly,
the medium was aspirated from the flask, and
the cells were rinsed twice with PBS. Then,
0.25% trypsin was added, and the cells were
observed under an inverted microscope until
the cells became rounded with a larger diopter
value. After an increase in the cell gap was
observed, trypsin was removed, fresh medium
was added, and the cells were gently dispersed
by pipetting and seeded in a new flask. The
GDH short hairpin RNA (shRNA) was synthe-
sized and cloned into a pLKO.1-TRC vector
(Addgene plasmid # 10878). Vectors were co-
transfected into 293T cells along with the retro-
viral packaging plasmid. Following transfection,
supernatants were harvested and used to
infect extrahepatic cholangiocarcinoma cells,
and the stably transfected cells were selected
with puromycin according to the manufactur-
er’'s instructions.

Detection of mRNA expression level before
and after GDH silencing in extrahepatic chol-
angiocarcinoma cells and tissues by qRT-PCR

Bile duct cancer cells were seeded onto 6-well
plates and cultured for 24 hrs. The cells were
then harvested, and total RNA was extracted
using TRIzol and reverse transcribed to cDNA;
18S RNA primers were used as an internal con-
trol. Standard curves were generated for GDH
and 18S RNA and used for relative quantifica-
tion. Sequences were generated using DNASIS
software, and homology analysis was per-
formed using CLUSTALW software; sequencing
results were compared and phylogenetic analy-
sis was performed using MEGA software. The
primers for qRT-PCR were as follows GDH:
Forward: 5-GGG ATT CTA ACT ACC ACT TGC
TCA-3’, Reverse: 5'-AAC TCT GCC GTG GGT ACA
AT-3’; GAPDH: Forward: 5-CTC CTC CTG TTC
GAC AGT CAG C-3’, Reverse: 5-CCC AAT ACG
ACC AAA TCC GTT-3'. Groups were analyzed in
triplicate, and the results were averaged.

Detection of GDH protein levels before and af-
ter transfection of extrahepatic cholangiocarci-
noma cells and tissues by Western blotting

Total protein was extracted from bile duct can-
cer cell lines before and after GDH silencing.
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Table 1. Distribution of immunohistochemical staining intensity in 156 patients withcholangiocarci-

noma
GDH staining intensity
Parameters Cases P
+ ++ +++
CD34 + 50 2 (4.0%) 16 (32.0%) 32 (64.0%) 0.000
105 38 (36.2%) 41 (39.0%) 26 (24.8%)
Gender Male 102 25 (24.5%) 37 (36.3%) 40 (39.2%) 0.790
Femal 53 15 (28.3%) 20 (37.7%) 18 (34.0%)
Differentiation High 58 39 (67.2%) 18 (31.%) 1(1.7%) 0.000
Middle 49 1(2.0%) 37 (75.5%) 11 (22.4%)
Low 48 0 (0.0%) 2 (4.2%) 46 (95.8%)
Capsular invasion + 105 23 (21.9%) 39 (37.1%) 43 (41.0%) 0.221
50 17 (34.0%) 18 (36.0%) 15 (30.0%)
Vascular invasion + 24 1(4.2%) 9 (37.5%) 14 (58.3%) 0.014
131 39 (29.8%) 48 (36.6%) 44 (33.6%)
Lymph node + 46 6 (13.0%) 20 (43.5%) 20 (43.5%) 0.062
109 34 (31.2%) 37 (339%) 38 (34.9%)
Neural invasion + 50 3 (6.0%) 17 (34.0%) 30 (60.0%) 0.000
105 37 (35.2%) 40 (38.1%) 28 (26.7%)
Age* <40 2 1 (50.0%) 0 (0.0%) 1 (50.0%) 0.000
40-49 18 8 (44.4%) 5 (27.8%) 5 (27.8%)
50-59 41 24 (58.5%) 6 (14.6%) 11 (26.8%)
60-69 59 6 (10.2%) 35 (59.3%) 18 (30.5%)
>70 35 1(2.9%) 11 (31.4%) 23 (65.7%)
*Nonparametric test.
Glyceraldehyde-3-phosphate  dehydrogenase buffer and fixed in 70% ethanol at 4°C. Cellular

(GAPDH) was used as an internal reference,
and the protein concentration was determined
using the bicinchoninic acid (BCA) method. A
30 pg quantity of total protein was separated
on a polypropylene polyacrylamide gel by elec-
trophoresis (SDS-PAGE), followed by transfer to
low temperature constant transfer film at 100 V
for 1 hr 30 min. The film was incubated with the
primary antibody for two hours at room temper-
ature, followed by secondary antibody. Protein
bands were detected using an ECL fluorescent
color system and quantitatively analyzed using
Quantity One software. Groups were analyzed
in triplicate, and the results were averaged.

Detection of cell apoptosis before and after
transfection of extrahepatic cholangiocarci-
noma cells by flow cytometry

Extrahepatic cholangiocarcinoma cells were
seeded onto 6-well plates. Cells were transfect-
ed for 24 hrs with GDH siRNA or 48 hrs with
control siRNA. Following transfection, the cells
were treated with 0.25% trypsin, 1 mM EDTA
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apoptosis was analyzed by flow cytometry using
the Annexin V apoptosis detection kit according
to the manufacturer’s instructions.

Detection of cell proliferation before and after
transfection of extrahepatic cholangiocarci-
noma cells by MTT assay

At 24 hrs after transfection, the cells were
digested with 0.25% trypsin, centrifuged at
1000 rpm for 10 min, and resuspended in
RPMI 1640 medium supplemented with 10%
fetal bovine serum. Paired single-cell suspen-
sions from the GDH and control siRNA groups
were prepared as 1 x 103/well in 96-well plates
and cultured at 37°C and 5% CO,. Cells from
the two groups (control siRNA transfection and
experimental GDH siRNA transfection groups)
were cultured for 96 hrs; 100 pl of MTT (5 mg/
ml) was then added, and the cells were incu-
bated for an additional 4 hrs. Next, 100 pl of
DMSO was added to each well, and the cells
were incubated until optical microscopy indi-
cated that the formazan was completely dis-
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Figure 1. Immunohistochemical staining of GDH expression in para-carcino-
ma and carcinoma tissues. A: GDH low expression in para-carcinoma tissue;
B: GDH low expression in carcinoma tissue; C: GDH middle expression in
carcinoma tissue; D: GDH high expression in carcinoma tissue. 1. 20 x mag-

nification; 2. 40 x magnification.

solved. The absorbance was then measured at
570 nm. Empty wells and wells containing only
culture medium were used as controls.

Detection of cell migration before and after
GDH silencing in extrahepatic cholangiocarci-
noma cells by the Scratch test

Cell culture and transfection were performed
as described above. At 24 h after transfection,
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cells were digested with
0.25% trypsin, centrifuged at
1000 rpm for 10 min, and
resuspended in RPMI 1640
medium supplemented with
10% fetal bovine serum. Cells
were seeded as single-cell
suspensions of 1 x 10%/ml, 1
ml into 6-well plates or as
whole-cell monolayers cul-
tured in serum-containing
medium. Adherent cells in
the medium were aspirated
with a micropipette-like tip to
create a 1-mm cell-free zone
that was washed with serum-
free medium or PBS to remove
any remaining cells. The cell-
free area was marked, serum-
containing  medium  was
added, and the cells were
returned to the incubator for
24 to 48 hrs. Images were
acquired at different time
points during the incubation.

Detection of the invasive
ability of extrahepatic chol-
angiocarcinoma cells before
and after GDH silencing by
Transwell assay

Cell culture and transfection
were performed as described
above. At 24 hrs after trans-
fection, cells were digested
with 0.25% trypsin, centri-
fuged at 1000 rpm for 10
min, and resuspended in
RPMI 1640 medium supple-
mented with 10% fetal bovine
serum. Cells were seeded as
single-cell suspensions of 1 x
10% cells/well in Transwell
invasion chambers with 700
ul of RPMI 1640 medium supplemented with
10% fetal bovine solution. Cells from the two
groups (empty vector control group and experi-
mental group) were incubated for 48 hrs at
37°C with 5% CO,,. Cells were fixed in a neutral
formalin solution and examined on an inverted
microscope at low magnification; three fields
were chosen at random, and the number of
cells was counted under high magnification to
determine the mean number of cells
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Figure 2. Overall survival between groups. Single-factor and multi-factor survival analyses indicated that the prognosis of extrahepatic cholangiocarcinoma patients
is closely associated with GDH expression, CD34 positivity, nerve infiltration and cell differentiation.
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Table 2. Results of multivariable Cox proportional hazards model

analysis
Parameters B SE Wald P HR (95% ClI)
Staining intensity
+ Comparison
++ 0.531 0.305 3.031 0.082 1.70 (0.94-3.09)
+++ 1.354 0.479 7.958 0.005 3.8 (1.51-9.90)
CD34 (+) 0.704 0.203 12.00 0.001 2.02 (1.36-3.01)
Neural invasion 0.936 0.244 14.754 0.000 2.55(1.58-4.11)
Differentiation
Low Comparison
Middle -4.392 0.799 30.193 0.000 0.12 (0.003-0.059)
High -6.911 0.872 62.860 0.000 0.001 (0.000-0.006)
shGDH

Scramble

Figure 3. Cell migration before and after GDH silencing in different extra-
hepatic cholangiocarcinoma cells. A: QBC extrahepatic cholangiocarcinoma
cells; B: RBE extrahepatic cholangiocarcinoma cells; C: FRN extrahepatic

cholangiocarcinoma cells.

per field. Experiments were
triplicate.
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repeated in

Statistical analysis

Data are presented as the
mean = SD, and differences
between groups were ana-
lyzed using Student’s t-test,
the chi-squared test or the
fisher exact test. The Kaplan-
Meier method and log-rank
test were used to estimate
survival rates. The Cox pro-
portional hazards model was
used to calculate univariate
and multivariate hazard ra-
tios for the study variables.
Statistical analyses were per-
formed with SPSS 20.0 soft-
ware (Chicago, IL, USA), and
results with P<0.05 were con-
sidered statistically signifi-
cant.

Results

GDH expression in extrahe-
patic cholangiocarcinoma
tissues

Immunohistochemical analy-
sis of paraffin-embedded tis-
sue sections revealed that
GDH expression was primarily
located in the cytoplasm and
cell membrane of extrahepat-
ic cholangiocarcinoma cells,
with some nuclear expres-
sion. The staining intensity
ranged from light yellow to tan
to sepia (Figure 1). In extra-
hepatic cholangiocarcinoma
tissues, GDH staining had a
patchy or diffuse distribution,
while GDH staining in normal
bile duct mucosa was scat-
tered. GDH expression was
increased in extrahepatic cho-
langiocarcinoma tissue com-
pared with normal bile duct
tissue. GDH expression inten-
sity was closely associated
with CD34 positivity rate, cell
differentiation degree, capsu-

lar and vascular invasion depth, lymph node
metastasis, neural invasion and patient age.

Am J Transl Res 2017;9(5):2106-2118
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T2
O

L

Figure 4. Cell invasive capacity before and after GDH silencing in extrahepat-
ic cholangiocarcinoma cells. A: QBC extrahepatic cholangiocarcinoma cells;
B: RBE extrahepatic cholangiocarcinoma cells; C: FRN extrahepatic cholan-

giocarcinoma cells.

GDH expression level as a prognostic indicator

Kaplan-Meier survival curves and log-rank test
analyses revealed that the median survival was
44.30 months in patients with low GDH expres-
sion [95% Cl: 43.795-50.525]; 26.00 months
in patients with moderate GDH expression
[95% Cl: 25.036-30.564]; and 11.60 months in
patients with high GDH expression [95% CI:
11.314-13.948]. Single-factor and multi-factor
survival analyses indicated that the prognosis
of extrahepatic cholangiocarcinoma patients
was closely associated with GDH expression
(HR 3.80; 95% Cl: 1.51-9.90; P=0.005), CD34
positivity (HR 2.02; 95% Cl: 1.36-3.01; P=
0.001), nerve infiltration (HR 2.55; 95% CI: 1.58-
4.11; P=0.000) and cell differentiation (HR
0.001 95% CI: 0.000-0.006 P=0.000, HR 0.12
95% CI: 0.003-0.059; P=0.000) (Figure 2,
Table 2).
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H silencing
R the proliferation, migration

Impact of GDH silencing on

and invasive capacity of
extrahepatic cholangiocarci-
noma cells

Scratch tests demonstrated
that silencing GDH significant-
ly decreased the migratory
ability of extrahepatic cholan-
giocarcinoma cells compared
with the control group (Figure
3). MTT assays of GDH-silen-
ced and control cells revealed
that silencing GDH significant-
ly inhibited cell proliferation
and the growth of adherent
cells compared with the con-
trol group (Figure 4). Transwell
assays demonstrated that si-
lencing GDH significantly de-
creased the invasive potential
of extrahepatic cholangiocar-
cinoma cells (Figure 4).

Cell apoptosis after GDH
silencing in extrahepatic chol-
angiocarcinoma cells

GDH silencing enduced a sig-
nificantly higher rate of apop-
tosis of extrahepatic cholan-
giocarcinoma cells, as deter-
mined by flow cytometry
(Figure 5).

mRNA and protein expression after GDH
silencing in cholangiocarcinoma cells and
tissues

GDH mRNA expression levels were detected by
gRT-PCR in extrahepatic cholangiocarcinoma
cells and tissues. GDH silencing significantly
decreased GDH mRNA expression levels
(Figure 6, P<0.05). Western blot results showed
that GDH protein expression level decreased
significantly after GDH silencing in extrahepatic
cholangiocarcinoma cells and tissues (Figure 7,
P<0.05).

GDH promotes the growth and metastasis
of extrahepatic cholangiocarcinoma cells,
potentially through TGF-B signal transmission
mediated by the Smad signaling pathway

We established the GDH-overexpressing extra-
hepatic cholangiocarcinoma cell line QBC and
determined whether GDH overexpression en-

Am J Transl Res 2017;9(5):2106-2118
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Figure 6. GDH expression before and after GDH si-
lencing in QBC, RBE, FRN, FRH0201, 9810, and
HuH-28 extrahepatic cholangiocarcinoma cells. A:
western blotting results of GDH expression; B: Quan-
titative GDH expression levels in different cells.

GAPDH

Figure 7. GDH expression in QBC cells and RBE cells
at shGDH concentrations of O pyg/ml, 5 yg/ml, 10
pug/ml, and 15 pg/ml. A: QBC cells; B: RBE cells.

hanced transmission of the Smad signaling
pathway, resulting in decreased protein expres-
sion of Smad2, Smad3 and Smad4 and signifi-
cantly increased protein expression of Smad7.
After the QBC cells were treated with an anti-
tumor agent, Smad2, Smad3 and Smad4 were
significantly reduced, whereas Smad7 was sig-
nificantly increased (Figure 8). These results
demonstrate that GDH promotes extrahepatic
cholangiocarcinoma cell growth and metasta-
sis via TGF-B signal transmission mediated by
the Smad signaling pathway.
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Discussion

The onset of extrahepatic cholangiocarcinoma
is often insidious, with early diagnosis of extra-
hepatic cholangiocarcinoma particularly chal-
lenging. Early clinical manifestations of extra-
hepatic cholangiocarcinoma are often vague
and not specific. Patients present for treat-
ment jaundiced with elevated total serum biliru-
bin and tumor poses enormous difficulty for
treatment and yields poor long-term patient
outcomes [15, 16]. Long-term survival of extra-
hepatic cholangiocarcinoma patients is closely
related to the complete removal of the tumor
[17]. With continuous improvements in imaging
and surgical technology, the resection rate is
also increasing. However, radical resection
rates remained relatively low, with an average
rate of 34.8% (16%-64%) [18].

TGF-B can significantly inhibit the growth of epi-
thelial cells and lymphocytes, whereas the
majority of human cancer cells are character-
ized by dysregulation of proliferation and an
unlimited increase in the number of cells [19].
TGF-B was regarded as a tumor suppressor
gene, but subsequent research has implicated
TGF-B also modulates cancer microenviron-
ments during the late development of certain
tumors, and an elevated serum level of TGF-
significantly correlated with poor prognosis [20,
21]. These findings suggest that TGF- plays a
complex role in tumor development. Prior to
malignant cellular transformation, TGF-f3 plays
an important role in tumor suppression by
inducing growth arrest and apoptosis of epithe-
lial cells, maintaining genomic stability, inhibit-
ing telomerase activity and inducing senes-
cence. However, during tumor progression, the
cancer-promoting effects of TGF-B become
dominant. TGF-B induces epithelial-mesenchy-
mal transition (EMT) in tumor cells through
direct action to increase cellular invasive poten-
tial [22]; TGF-B also promotes tumor growth
by affecting the tumor stroma, suppressing
immune surveillance and promoting the forma-
tion of new blood capillaries [23]. Smads play
a key role in the TGF-B signaling pathway.
Expression changes or dysfunction of Smad
can significantly affect TGF-B pathway.

There is a lack of knowledge regarding the
pathogenesis of extrahepatic cholangiocarci-
noma, disease progression and non-surgical
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Figure 8. Smad protein expression levels in extrahepatic cholangiocarcinoma
cells after retroviral GDH silencing or EGCG treatment. TGF-f signal transduc-
tion and protein expression levels of Smad2, Smad3, and Smad4 were signif-
icantly increased, and Smad7 protein expression was significantly reduced.

treatment alternatives. Consequently, there
has been no significant improvement in extra-
hepatic cholangiocarcinoma survival in recent
decades. In this study, we employed a sample
set comprising a large cohort of cases to estab-
lish and improve clinical data systems, collect
paraffin-embedded biopsy specimens, con-
struct a high-throughput tissue microarray and
launch cell biology and genomics-related
research in extrahepatic cholangiocarcinoma.
We believe that this study will deepen the
awareness of the disease and improve survival
of extrahepatic cholangiocarcinoma patients.

Initially, we established a large sample of clini-
cal data on extrahepatic cholangiocarcinoma
and 155 paraffin-embedded biopsy specimens
from pathological specimens of extrahepatic
cholangiocarcinoma were obtained by surgical
excision. Immunohistochemical staining reve-
aled increased GDH expression in extrahepatic
cholangiocarcinoma to various degrees com-
pared with normal bile duct tissue. The level of
GDH expression in extrahepatic cholangiocarci-
noma was closely related with CD34 positivity,
cell differentiation, capsular and vascular inva-
sion, lymph node metastasis, neural invasion
and patient age. Single-factor and multi-factor
survival analysis indicated that the prognosis of
extrahepatic cholangiocarcinoma patients was
closely associated with GDH expression (HR
3.80; 95% CI: 1.51-9.90; P=0.005), CD34 posi-
tivity (HR 2.02; 95% CI: 1.36-3.01; P=0.001),
nerve infiltration (HR 2.55; 95% CI: 1.58-4.11;
P=0.000) and cell differentiation (HR 0.001
95% Cl: 0.000-0.006 P=0.000, HR 0.12 95%
Cl: 0.003-0.059; P=0.000). Therefore, the
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expression of GDH may be an
important prognostic marker
and therapeutic target for

TGF-B extrahepatic cholangiocarci-
noma.

Smad-2

Smad-3 MTT assays of GDH-silenced

and control cells revealed
Smad-4 that silencing GDH signifi-

cantly inhibited cell prolifera-
Smad-7 tion and the growth of adher-
ent cells compared with the
control group. Scratch testing
indicated that silencing GDH
significantly decreased the
migratory ability of extrahe-
patic cholangiocarcinoma ce-
lls compared with the control group. Trans-
well assays demonstrated that silencing GDH
significantly decreased the invasive potential of
extrahepatic cholangiocarcinoma cells, and
flow cytometry demonstrated that the cellular
apoptosis was significantly higher after silenc-
ing GDH. qRT-PCR analysis and Western blot-
ting revealed that both mRNA and protein
expression of GDH were significantly lower after
GDH silencing (both P<0.05).

Smads play a key role in the TGF-B signaling
pathway. Aberrant expression or dysfunction of
Smad can significantly affect the TGF- path-
way. To verify this relationship in extrahepatic
cholangiocarcinoma cells, we employed either
GDH silencing via retroviral transfection or
added the tumor cell transduction inhibitor
EGCG. Both methods significantly increased
Smad2, Smad3 and Smad4 protein expression
and significantly reduced Smad7 protein
expression, which promoted the signal trans-
duction of TGF-B via the Smad signaling path-
way. In addition, blocking the Smad signaling
pathway significantly promoted the prolifera-
tion and invasive/migratory potential of extra-
hepatic cholangiocarcinoma cells. We also
established a GDH-overexpressing extrahepat-
ic cholangiocarcinoma cell line, QBC, and deter-
mined that GDH overexpression can enhance
transmission of the Smad signaling pathway.
The protein expression levels of Smad2, Smad3
and Smad4 were significantly reduced in QBC
cells, whereas Smad7 was significantly incre-
ased. After QBC cells were treated with the
anti-tumor agent EGCG, Smad2, Smad3 and
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Smad4 were significantly reduced, whereas
Smad7 was significantly increased.

Conclusions

The present study investigated GDH expression
levels and biological function, and evaluated
potential correlations with prognosis and the
therapeutic value of targeting the Smad path-
ways regulated by GDH in extrahepatic cholan-
giocarcinoma. These findings demonstrate that
GDH promotes extrahepatic cholangiocarcino-
ma cell growth and metastasis via TGF-3 signal
transmission mediated by the Smad signaling
pathway.
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