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Purpose: Intrahepatic cholangiocarcinoma (ICC) is an aggressive malignant tumor character-
ized by high malignancy and poor prognosis. Although the efficacy of sorafenib against
cholangiocarcinoma cell lines has been demonstrated in vivo and in vitro, limited clinical data
are available on the efficacy of sorafenib in patients with cholangiocarcinoma. Sorafenib can
enhance endoplasmic reticulum (ER) stress-mediated apoptosis, and ER stress and unfolded
protein response are also the mechanisms by which cancer cells resist drug therapy.
Mesencephalic astrocyte-derived neurotrophic factor (MANF), initially identified as
a neurotrophic factor, can be regulated by ER stress activation. There are no available studies
on the diagnostic value and therapeutic significance of MANF in ICC. Hence, the purpose of this
study was to evaluate the role of MANF in cholangiocarcinoma, investigating the possibility of
whether sorafenib could become a reliable strategy for cholangiocarcinoma therapy.
Methods: In this study, the expression level of MANF in ICC patients was investigated by
bioinformatic analysis and the results were verified by tissue microarray assay.
Cholangiocarcinoma cell lines were also used to determine how MANF regulates the
therapeutic effect of sorafenib and to identify the underlying mechanisms.

Results: The results showed that MANF was correlated with poor prognosis and MANF
knockdown could facilitate sorafenib-mediated apoptosis and increase the sensitivity of
sorafenib treatment by activating excessive ER stress.

Conclusion: MANF is a prognostic marker of cholangiocarcinoma. MANF knockdown
increases sorafenib-mediated ER stress and apoptosis in the cholangiocarcinoma cell lines.
This mechanism may lead to a new therapeutic strategy in cholangiocarcinoma.
Keywords: intrahepatic cholangiocarcinoma, MANF, sorafenib, prognosis

Introduction

Intrahepatic cholangiocarcinoma (ICC) is one of the most common human malig-
nant digestive system tumors and the second most malignant type of primary liver
cancer.'” ICC, originating from epithelial cells of the bile duct or hepatic ducts, is
characterized by insidious symptoms, high malignancy, early metastasis and a poor
curative effect.* Unfortunately, no specific biomarkers exist for ICC.” Despite
improvements in recent therapeutic approaches such as surgery, interventional
treatment, ablation therapy, and immune targeting, the prognosis of patients with
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ICC remains poor, as ICC is insensitive to radiotherapy and chemotherapy.

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2020:13 9169-9184 9169
© 2020 He et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-6429-4886
http://orcid.org/0000-0002-1055-1944
mailto:dr_liujun1967@126.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

He et al

Dove

Therefore, new diagnostic biomarkers and therapeutic stra-
tegies are urgently needed.

Sorafenib is a multi-kinase inhibitor, which has exhib-
ited significant safety and efficacy in suppressing tumor
proliferation and angiogenesis.'' Although the efficacy of
sorafenib against cholangiocarcinoma cell lines has been
demonstrated in vivo and in vitro, limited clinical data are
available on the efficacy of sorafenib in patients with
cholangiocarcinoma.'*' Sorafenib can activate endoplas-
mic reticulum (ER) stress-mediated apoptosis in vitro,'®!”
and cancer cells can acquire survival advantages and resist
drugs by alleviating ER stress."'®

Overwhelming cellular demand and a shortage of cel-
lular energy availability lead to the accumulation of
wrongly folded proteins which causes ER stress and acti-
vates unfolded protein response (UPR) pathways."”
Dysfunction of ER stress and UPR signals underlie the
resistance of cancer cells to chemotherapy.”® Studies have
shown that ER stress inducers can cause upregulation of
MANF in vivo and in vitro.?"** Mesencephalic astrocyte-
derived neurotrophic factor (MANF), initially identified as
a survival-promoting factor in the conditioned medium of
astrocytes, can also serve as a regulator of ER stress.”>**
Secreted from cells as a canonical neurotrophic factor,
MANF is localized intracellularly in the lumen of the ER
and can also be secreted into the extracellular space.”***°
MANF can reduce ER stress-induced cell death, and stu-
dies have shown that ER stress-induced cell death was
aggravated by silencing MANF.?"** Studies showed that
MANF could activate the AMPK/mTOR signaling path-
way and promote cell proliferation in vitro.?” Activation of
the AMPK/mTOR signaling pathway plays a key role in
tumorigenesis.”® According to the above-mentioned find-
ings, MANF may be a new therapeutic target in tumors.

In the present study, the expression level of MANF in
ICC patients was investigated by bioinformatic analysis
and the results were verified by tissue microarray assay
(TMA). A cholangiocarcinoma cell line was also used to
determine how MANF regulates the therapeutic effect of
sorafenib and to identify the underlying mechanisms. The
results showed that MANF is a prognostic biomarker and
MANF knockdown facilitated sorafenib-mediated apopto-
sis by activating ER stress. A poor prognosis in the MANF
overexpression group may be due to reduced drug sensi-
tivity during treatment. This mechanism may be a new
therapeutic strategy for cholangiocarcinoma patients. In
addition, MANF may be a potential diagnostic and prog-
nostic marker of ICC.

Patients and Methods

Ethics Statement

This study was approved by the Ethics Committee of
Shandong Provincial Hospital Affiliated to Shandong
University (NO:2019-032), and conducted according to
the principles stated in the Declaration of Helsinki.
Written informed consent was obtained from all patients
according to the guidelines of the Ethics Committee. All
the datasets were retrieved from the published literature,
and all written informed consent was obtained.

Patients and Specimens

246 ICC patients who underwent hepatectomy from
January 2011 to December 2014 were enrolled in the
study. None of the patients had received chemotherapy or
radiotherapy prior to surgery. ICC samples and paired
paratumor samples were collected from the patients during
surgery. Clinical staging of the tumor was based on the 8th
edition Staging System of the American Joint Committee
on Cancer.

Immunohistochemical Detection of

Tissue Microarray (TMA)

Of 246 ICC patients, 202 had integrated follow-up infor-
mation for further analysis. For immunohistochemistry,
5-um sections were prepared from each tissue block. The
tissue sections were deparaffinized, rehydrated and rinsed
in distilled water. After heating in 10 mmol/L citrate buffer
for antigen retrieval, the sections were incubated with
primary antibody against ARMET (ab67271, Abcam,
CA, USA; dilution 1:100, ARMET 1is the alternative
name for MANF) at 4°C overnight and then secondary
antibody for 1 h at room temperature. Stained tissue
microarrays are scanned digitally by the tissue microarrays
scanner Pannoramic MIDI (3D HISTECH, Hungary) and
checked by Pannoramic viewer v. 1.14 (3D HISTECH,
Hungary). After setting the diameter and the number of
rows, whole slide images are automatically analyzed by
the analysis software Quant center (3D HISTECH,
Hungary). Quant center automatically recognizes and sets
all dark browns on tissue sections as strongly positive,
brown-yellow as moderately positive, light yellow as
weakly positive, and blue nuclei as negative. According
to the brown depth in the images, Quant center automati-
cally classify the target specimen into strong positive,
medium positive and weak positive and identify the posi-
tive area percentage of each specimen. To assess the
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average degree of staining within a sample, multiple
regions were analyzed. An H-score (minimum 0 and max-
imum 300) was calculated using the following formula:
H-score = (percentage of cells with weak intensity x 1) +
(percentage of cells with moderate intensity x 2) + (per-
centage of cells with strong intensity x 3). “PI” represents
the percentage of positive cells in each section and “I”
represents the intensity of staining. The scoring was inde-
pendently assessed by two pathologists who were unaware
of the clinical outcomes.

GEO Data Source

Meta-analysis of 4 sets of microarrays from the GEO

database  (http://www.ncbi.nlm.nih.gov/geo/) including

128 ICC samples and 109 nontumor samples was carried
out to evaluate the diagnostic power of MANF. These 4
cohorts included the GSE31370, GSE32958, GSE76311
and GSE81948 datasets. Their characteristics such as
cohort ID, RNA-seq platform, sample size (nontumor
and tumor samples), publication year, and country are
summarized in Table S1.

Cell Culture

The cholangiocarcinoma cell lineS HUCCT1 and QBC939
were purchased from the American Type Culture
Collection (ATCC, Rockville, MD, USA) and cultured in
RPMI-1640 (HyClone Laboratories, Inc., Logan, UT,
USA) supplemented with 10% fetal bovine serum at 37°
C in an incubator with 5% COs,.

Plasmid and Transfections

Small interfering RNA (siRNA) to knockdown MANF and
the negative control (NC) were purchased from GenePharma
(Shanghai, China). Transient transfections were carried out
using Lipofectamine 2000 (Invitrogen, USA) following the
manufacturer’s protocol. Forty-eight hours after transfection,
protein expression, cell viability and apoptosis were mea-
sured. FLAG-MANF and FLAG-NC plasmids were pur-
chased from GenePharma (Shanghai, China). Plasmids
were carried out using EndoFection (GeneCopoeia, USA)
following the manufacturer’s protocol. To establish stable
transfections, a lentiviral transfer plasmid was purchased
from GenePharma (Shanghai, China). The stably transfected
cells were incubated in medium containing puromycin, and
the puromycin-resistant colonies were observed approxi-
mately 2 days after transfection.

Cell Proliferation Assay

Cells were plated in 96-well plates at a concentration of
2500 cells/well and transfected with siRNAs, plasmids or
lentiviral. A 10-uL aliquot of cell counting kit-8 (CCKS)
reagent (CK04-3000T, Dojindo, Japan) was added to each
well, and the cells were incubated at 37°C for 2
h. Absorbance values at OD 450 nm were measured
using a microculture plate reader (Bio Tek).

Invasion Assay

For the migration assay, Boyden chambers (pore size, 8
um) (BD Biosciences) were used. The cells (5x10* cells in
0.2 mL of medium) were placed in the upper chamber, and
0.70 mL of DMEM containing 15% FBS was placed in the
lower chamber. After 24-h incubation, cells on the upper
side of the filters were removed with cotton-tipped swabs,
and the filters were fixed in methanol for 10 min and
stained with 0.05% crystal violet. Cells underneath the
filters were observed and counted under a microscope.
For the invasion assay, the same conditions were applied
as described for the migration assay except that the inva-
sion chambers were coated with the biocoat Matrigel.

Apoptosis Analysis

Cell apoptosis was detected using the Annexin V-APC/
7-AAD apoptosis detection kit (BioGems International,
CA, USA) according to the manufacturer’s instructions.
The cells were harvested by EDTA-free trypsin. After
washing twice with PBS, the cells were resuspended in
binding buffer at a concentration of 0.1-1 x 107 cells/mL.
100 pL cell suspension (0.1—1 x 10° cells) was transferred
and mixed with 5 pL. Annexin V-APC and 10 pL 7-AAD.
After incubation in the dark for 15 min at room tempera-
ture and the addition of 150 pL binding buffer, the stained
cells were analyzed by BD FACSCanto II flow cytometry
(Beckman Coulter, CA, USA). Apoptotic cells were cal-
culated as the sum of early and late apoptotic cells. Each
sample was analyzed in triplicate.

Western Blotting

Liquid nitrogen frozen liver tissues were immersed in
RIPA-added phenylmethylsulfonyl fluoride (100: 1)
(Beyotime, China) supplemented with protease and phos-
phatase inhibitors, and sonicated on ice to obtain
a homogenate. Specimens were centrifuged at 15,000 x g
for 15 min and the supernatant was used for Western
blotting. Protein concentration was assessed by the BCA
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protein assay kit (Beyotime, China). Proteins were sepa-
rated on SDS-PAGE and transferred to nitrocellulose
membranes. After incubation with horseradish-peroxidase-
conjugated secondary antibodies for 2 h at room tempera-
ture, signals were detected by chemiluminescent reagents
(Millipore, USA) and B-actin served as an internal control.
The primary antibodies used in this study were obtained
from Cell Signaling Technology (Beverly, MA, USA): BiP
(3177, 1:1000), IREle (3294, 1:1000), CHOP (2895,
1:1000), PERK (5683, 1:1000), Bcl-2 (4223, 1:1000),
Bax (5023, 1:1000), Anti-rabbit IgG (7074, 1:5000), Anti-
mouse 1gG (7076, 1:5000); and Abcam (Cambridge, MA,
USA): ARMET (ab67271, 1:1000), XBP1 (ab37152,
1:1000).

Mouse Xenograft Models

The animal experiments were approved by the Animal
Research Committee of Shandong Provincial Hospital
Affiliated to Shandong University (NO:2019-032), and all
procedures strictly followed the NIH Guide for Care and Use
of Laboratory Animals. Five-six week old female nude mice
were purchased from the Beijing Vital River Laboratory
Animal Technology Co. (Beijing, China). Approximately
5.0x10° HUCCT1/sh-MANF or HUCCTI/Vector cells
were suspended in 100 uL. PBS and subcutaneously injected
into the right side of the posterior flank. After 4 weeks,
sorafenib (20 mg/kg) was administered via intraperitoneal
injection every other day. All mice were killed after 2 weeks.

Statistics for Meta-Analysis

Stata 12.0 was used to analyze the pooled diagnostic value of
MANF with the data from the GEO datasets. I* was used to
evaluate the heterogeneity of these studies, and significant
heterogeneity was indicated when 1”>50%. The random
effect model and subgroup analysis were performed to assess
the sources of heterogeneity, when heterogeneity was quite
conspicuous between the studies. Publication bias was deter-
mined by Begg’s funnel plot and Egger’s test.

Data Analysis and Statistics

Statistical analyses were performed using SPSS software
(version 22.0; IBM Corporation, USA). The relationships
between MANF expression and the clinicopathological
parameters were examined using the Chi-squared test.
Survival analysis was evaluated by the Kaplan—Meier
method. The relationships between different variables and
survival were determined by the multivariate Cox propor-
tional hazards method. Pearson’s correlation was used to

assess the linear association between two variables.
P-values less than 0.05 were considered statistically signif-
icant. All the sample data are presented as mean =+ standard
deviation (SD). The differences between tumor and nontu-
mor samples were determined by the non-parametric test.
All experiments were performed in three independent trials
with duplicates. Differences between statistical compari-
sons were determined by the Student’s #-test and one-way
analysis of variance (ANOVA). In all cases, P<0.05 was

considered statistically significant.

Results
MANF Overexpression is Correlated
with Poor Prognosis in ICC

Four ICC microarrays from the GEO database were ana-
lyzed by meta-analysis to determine the MANF expression
level in ICC tissues compared with normal controls. As
shown in the forest plot (Figure 1A), expression of MANF
was significantly increased in ICC samples (pooled
OR=2.05, 95% CI=1.21-3.48, I* = 0%, P=0.641). All
data were generated by a random effect model. The Chi-
squared test was used to analyze study heterogeneity. As
shown in the sensitivity analysis, there were no significant
differences between the microarrays (Figure 1B). There
was no significant publication bias or heterogeneity by
Begg’s test (Figure 1C). Thus, the meta-analysis showed
that MANF was overexpressed in ICC tissues compared
with paired nontumor tissues.

To confirm the results of the bioinformatic analysis,
MANF expression in ICC specimens was assessed using
IHC staining of ICC tissue microarrays. As shown in
Figure 1, MANF was significantly upregulated in ICC tissues
compared with adjacent nontumor controls (n=246) (P<0.01)
(Figure 1D and E). Of 246 patients, and patients were
grouped based on TNM stage. The patients were divided
into early stage (TNM I-II) and late stage (TNM LI-1V).
MANF expression level in patients with late stage (n=87)
was significantly higher than that in patients with early stage
(n=159) (P<0.01) (Figure 1F).

The association between MANF and overall survival
(OS) of ICC patients was then analyzed. Of the 246 ICC
patients, 202 had complete follow-up data. According to
MANF expression level, 101 patients were divided into
the high expression group and 101 into the low expression
group. The results showed that patients in the high expres-
sion group had a shorter OS (P<0.01; Figure 1G) and
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Figure | MANF overexpression is a risk factor for poor prognosis in cholangiocarcinoma and detects cholangiocarcinoma with high sensitivity and specificity. (A) Forest
plot evaluating the differences in MANF expression between ICC and normal tissues. The high and low MANF-expressing tissues were regarded as the experimental and
control groups, respectively. (B) Sensitivity analysis of HRs was calculated by omitting each microarray in turn. (C) Funnel plot of the publication bias of GEO microarrays.
Each point represents a single microarray. (D) Representative MANF staining in ICC and normal tissues. (E) Increased expression of MANF in ICC tissues (P<0.01) was
analyzed by immunohistochemical staining. (F) Increased expression of MANF in advanced TNM stage (P<0.01). (G) Correlation between MANF expression levels and
overall survival of 202 ICC patients. (H) Correlation between MANF expression levels and disease-free survival of 202 ICC patients. ***P < 0.001.

Abbreviations: MANF, mesencephalic astrocyte-derived neurotrophic factor; ICC, intrahepatic cholangiocarcinoma; GEO, gene expression Omnibus; N, normal tissue; T,

tumor tissue.

disease-free survival (DFS) (P<0.01; Figure 1H) compared
with the low expression group.

The association between MANF and clinical character-
istics was further analyzed using the Chi-squared test.
MANF overexpression was associated with higher TNM
stage (P<0.05), lymphatic metastasis (P<0.01), larger
tumor size (P<0.05) and a high level of carcinoembryonic
antigen (CEA) (P<0.05), carbohydrate antigen 19-9
(CA19-9) (P<0.05), and (AFP)
(P<0.05) (Table 1). In terms of age, gender, hepatitis
B virus (HBV) infection, cirrhosis, tumor number, differ-

alpha-fetoprotein

entiation grade, and venous invasion, there were no

significant differences between the different MANF
expression groups.

Univariate Cox regression analyses of OS demon-
strated that MANF expression in tumor tissues (P<0.01),
CEA (P<0.01), CA19-9 (P<0.05), tumor size (P<0.01),
tumor number (P<0.01), TNM stage (P<0.01) and lym-
phatic metastasis (P<0.01) were independent prognostic
factors for ICC patients and multivariate Cox regression
analyses of OS characterized by univariate analysis
(P<0.05) demonstrated that MANF expression in tumor
tissues (P<0.01), tumor size (P<0.05) and tumor number
(P<0.05) were independent prognostic factors for ICC

OncoTargets and Therapy 2020:13
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Table | The Relationship Between MANF Status and  patients (Table 2). Univariate analysis and multivariate
Clinicopathological Features of ICC analysis of DFS obtained the same results (Table 3). The
Clinicopathological | Number | MANF Expression, P-value remaining clinical features were not found to be prognostic
Features of Cases | n (%) indicators, which could be due to an insufficient number of
® High Low cases. Hence, in relation to tumor progression, MANF was
overexpressed in ICC and MANF overexpression was
A . . .
g:48 ™ 0 @se | 73514 | 0538 correlated with poor prognosis of ICC patients.
<48 60 32(533) | 28 (46.7)
Gender MANF KnOdeown |nthItS Ce”
Male 120 63 (525) | 57 (475) | 0.39 . . .
o o e | 44607 Proliferation by Suppressing the
v Phosphorylation of mTOR
Positive 6l 33541 | 28(459) | 0444 To determine if MANF knockdown can be used to regulate the
Negative 141 68 (482) | 73 (51.8) biological behavior of cholangiocarcinoma cells, the cells
Cirrhosis were transfected with si-NC and si-MANF. Knockdown and
Positive 64 30 (46.90) | 34 (53.1) | 0.545 overexpression efficiency of MANF were tested by RT-qPCR
Negative 138 71(514) | 67 (486) in HUCCT1 and QBC939, respectively (Figure 2A and B).
Tumor size Then, CCKS8 and flow cytometry assays were performed to
25 cm 98 56 (57.1) | 42 (429) | 0.049% determine whether MANF knockdown affected the prolifera-
<5 em 04 @3 | 39667 tion and apoptosis of HUCCT1 and QBC939 cells. CCK8
Tumor number analysis showed that cholangiocarcinoma cells transfected
Single 63 37.687) | 26 (#1.3) | 0095 with siRNA-581 had a lower rate of proliferation than NC-
Multiple 139 64 (46) 75 (54) )
treated cells (P < 0.05; Figure 2C and D). However, no
AFP significant difference in apoptosis levels was noted following
225ng/ul 30 9 (30) 21 (70) 0.018* -
<ngiul 7 92635 | 80 465) flow cytometry assays (P > 0.05; Figure 3A and B). Western
blotting revealed that downregulation of MANF made no
THM stage difference to the expression of CHOP, PERK, IREla and
Stage I-II 131 57 (435) | 74 (565) | 0.012*
Stage IV 71 4 (62) 27 (38) GRP78, but reduced the expression levels of p-mTOR
: . (P < 0.05; Figure 3E and F). These results suggested that
Differentiation o . . .
grade MANF knockdown inhibits cell proliferation by suppressing
Grade High 195 97 (49.7) | 98(503) | 07 the phosphorylation of mTOR.
Grade Mid-Low 7 4(57.1) 3 (429)
Vasoinvasion Overexpression of MANF Has No Effect
YES 45 23 (51.1) | 22 (48.90) | 0.866 . ) .
NO 157 78 (49.7) 79 (50.3) on the Blologlcal Behavior of
Lymphatic Cholangiocarcinoma Cells
metastasis The above data suggested that downregulation of MANF
YES 40 28(70) | 12060 1 0005 | iphibited the proliferation of HUCCT1 and QBC939 cells.
NO 162 73 (45.1) | 89 (549) o
To further confirm the effect of MANF on the biological
CEA behavior of cholangiocarcinoma cells, MANF was transiently
25ng/ul 49 31(633) | 18(367) | 0.033* ) . .
<Snglul 153 20458 | 83 (542) overexpressed in HUCCT1 and QBC939 cells via transfection
with the FLAG-MANF plasmid. No statistically significant
CAIl9-9 . .
— 106 ees) | 4@ | oo results following CCK8 (P > 0.05; Figure 2E and F) and flow
<35u/mL 9% 39 (40.6) | 57 (59.4) cytometry assays were observed (P > 0.05; Figure 3C and D).

Notes: *P<0.05. **P<0.01.

Abbreviations: MANF, mesencephalic astrocyte-derived neurotrophic factor;
ICC, intrahepatic cholangiocarcinoma; HBYV, hepatitis B virus; AFP, alpha fetal
protein.

Western blotting revealed no significant differences between
CHOP, PERK, IREla, GRP78 and p-mTOR/mTOR
(P > 0.05; Figure 3E) in HUCCT]1. These results suggested
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Table 2 Univariate and Multivariate Analyses of Prognostic Variables for Overall Survival in ICC Patients

Clinicopathological Features Univariate Analysis Multivariate Analysis

HR 95% (CI) P-value HR 95% (CI) P-value

MANF expression (Tumor)

Low 1.000 1.000

High 2319 1.557-3.452 <0.00 |*#* 1.758 1.159-2.667 0.008**
Age

<48 1.000 1.000

248 0.880 0.589-1.313 0.531 0.874 0.723-1.805 0.568
Gender

Male 1.000 1.000

Female 0.741 0.495-1.109 0.145 0.706 0.458-1.109 0.116
HBV

Negative 1.000 1.000

Positive 1.308 0.880-1.944 0.185 1.818 1.134-2.914 0.013*
Cirrhosis

Negative 1.000 1.000

Positive 0.776 0.507-1.186 0.241 0.682 0.42-1.108 0.122
CEA

<5nglul 1.000 1.000

25ng/ul 2.322 1.524-3.540 <0.001** 1.628 0.999-2.652 0.05
CAI19-9

<35u/mL 1.000 1.000

235u/mL 1.508 1.025-2.220 0.037* 1.102 0.732-1.660 0.640
AFP

<25ng/ul 1.000 1.000

225ng/ul 0.833 0.481-1.442 0.514 0.884 0.471-1.657 0.700

Tumor size
<5 1.000 1.000
25 2213 1.490-3.287 <0.001** 1.713 1.089-2.693 0.02*

Tumor number

Single 1.000 1.000

Multiple 2.353 1.591-3.478 <0.001** 1.745 1.118-2.724 0.014*
TNM stage

Stage |-l 1.000 1.000

Stage -V 2461 1.665-3.638 <0.001** 1.249 0.697-2.238 0.455
Differentiation grade

Grade High 1.000 1.000

Grade Mid-Low 1.036 0.381-2.816 0.945 1.207 0.429-3.397 0.722

Lymphatic metastasis
NO 1.000 1.000
YES 2,615 1.676—4.080 <0.001** 1.588 0.852-2.959 0.145

Vasoinvasion
NO 1.000 1.000
YES 1.545 0.983-2.427 0.059 1.367 0.841-2.222 0.208

Notes: *P<0.05. **P<0.01.
Abbreviations: MANF, mesencephalic astrocyte-derived neurotrophic factor; ICC, intrahepatic cholangiocarcinoma; HBV, hepatitis B virus; AFP, alpha fetal protein.
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Table 3 Univariate and Multivariate Analyses of Prognostic Variables for Disease-Free Survival in ICC Patients

Clinicopathological Features Univariate Analysis Multivariate Analysis

HR 95% (CI) P-value HR 95% (CI) P-value

MANF expression (Tumor)

Low 1.000 1.000

High 2.138 1.502-3.045 <0.00 |*#* 1.693 1.163-2.464 0.006**
Age

<48 1.000 1.000

248 0.948 0.658-1.365 0.774 0.777 0.512—-1.180 0.237
Gender

Male 1.000 1.000

Female 0.739 0.515-1.060 0.101 0.704 0.478-1.036 0.075
HBV

Negative 1.000 1.000

Positive 1.269 0.886—1.818 0.194 1.402 0.937-2.098 0.101
Cirrhosis

Negative 1.000

Positive 0.877 0.602-1.277 0.494 0.800 0.521-1.228 0.307
CEA

<5ng/ul 1.000 1.000

=5ng/ul 1.777 1.206-2.616 0.004** 1.202 0.769-1.648 0.420
CAI19-9

<35u/mL 1.000 1.000

235u/mL 1.492 1.057-2.108 0.023* I.146 0.798-1.648 0.460
AFP

<25ng/ul 1.000 1.000

225ng/ul 0.987 0.606—1.608 0.958 I.161 0.669-2.009 0.597

Tumor size
<5 1.000 1.000
25 1.821 1.287-2.578 0.001%** 1.633 1.099-2.427 0.015*

Tumor number

Single 1.000 1.000

Multiple 2.159 1.510-3.087 <0.00 | ** 1.646 1.102-2.460 0.015%
TNM stage

Stage |-l 1.000 1.000

Stage llI-IV 2.197 1.544-3.126 <0.001** 1.182 0.694-2.012 0.486
Differentiation grade

Grade High 1.000 1.000

Grade Mid-Low 1.352 0.499-3.661 0.554 1.635 0.584-4.576 0.349

Lymphatic metastasis
NO 1.000 1.000
YES 2.645 1.762-3.970 <0.001** 1.752 0.967-3.174 0.064

Vasoinvasion
NO 1.000 1.000
YES 1.244 0.813-1.903 0.315 1.059 0.676—1.659 0.803

Notes: *P<0.05. **P<0.01.
Abbreviations: MANF, mesencephalic astrocyte-derived neurotrophic factor; ICC, intrahepatic cholangiocarcinoma; HBYV, hepatitis B virus; AFP, alpha fetal protein.
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Figure 2 MANF affects the biological behavior of cholangiocarcinoma cells. (A and B) HUCCT| and QBC939 cells were transfected with siNC, siMANF, FLAG-NC and
FLAG-MANF, respectively, and cell viability was analyzed by the CCK8 assay. (C—F) Apoptosis of transfected HUCCT | and QBC939 cells was measured by flow cytometry.

Quantitative analysis of apoptosis is shown. *P < 0.05.

Abbreviations: MANF, mesencephalic astrocyte-derived neurotrophic factor; NS, no statistical significance.

that overexpression of MANF had no significant effect on the
biological behavior of cholangiocarcinoma cells.

MANF Knockdown Increases Sorafenib
Sensitivity of ICC Cells

The above clinical data suggested that MANF overexpres-
sion in cholangiocarcinoma was an adverse prognostic
factor, but the current results showed limited support for
this. It has been reported that ER stress is involved in the
sensitivity of drug therapy.””~® The CCKS8, Transwell and
flow cytometry assays were then carried. HUCCT1 and
QBC939 cells with stable MANF or NC silencing were
successfully established, and treated with sorafenib for 24,
48, and 72 h. The CCKS8 assay results demonstrated that
cholangiocarcinoma cells transfected with MANF shRNA
had a lower rate of proliferation than cells transfected with
vector (P<0.01; Figure 4A and B), when treated with 10
UM sorafenib. Flow cytometry assays consistently demon-
strated that MANF silencing significantly increased
HUCCT1 and QBC939 cell apoptosis at the sorafenib
concentration of 10 um (P<0.01; Figure 4C and E). Cell
migration and invasion ability were found to be signifi-
cantly decreased by MANF knockdown (Figure 4F). The
above results showed that MANF knockdown induced

lower cell viability and increased apoptosis in cholangio-
carcinoma cells after sorafenib treatment.

MANF Knockdown Increases
Sorafenib-Mediated ER Stress and
Apoptosis

To elucidate the mechanism by which downregulation of
MANTF promoted sorafenib sensitivity in ICC, Western blot
analysis was performed. The results showed that cells with
MANF knockdown treated with 10 um sorafenib expressed
more ER stress and apoptosis markers such as PERK,
GRP78, PDI, IREla, XBP1, CHOP, cleaved-caspase-3 and
Bax than NC knockdown cells, but decreased the expression
of Bcl-2 (Figure 5A). These results suggested that cells with
MANF knockdown had a more severe ER stress response
and increased apoptosis, when treated with sorafenib, com-
pared with the control group.

MANF Knockdown Facilitates
Sorafenib-Mediated Apoptosis by
Activating GRP78 Signaling

GRP78 is known to play a key role in stimulating death
signals and provoking apoptosis in hepatocellular carcinoma,
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Figure 3 MANF affects the expression of p-mTOR in cholangiocarcinoma cells. (A-D) Apoptosis analysis of transfected HUCCT| and QBC939 cells were measured by
flow cytometry. Quantitative analysis of apoptosis is shown. (E and F) Western blot analysis of p-mTOR, mTOR, PERK, IREla, GRP78, CHOP and Actin in MANF
knockdown and overexpression HUCCT | cells compared to control cells. **P < 0.01.

Abbreviations: MANF, mesencephalic astrocyte-derived neurotrophic factor; NS, no statistical significance.

when excessive and prolonged ER stress occurs.>' Similarly,
VERI155008 an inhibitor of GRP78 was used to confirm
whether GRP78 is involved in sorafenib-mediated cell apop-
tosis and stimulation of death signals in cholangiocarcinoma.
CCK8 and flow cytometry assays suggested that
VER155008 reduced the cell inhibition and apoptosis rate
of cholangiocarcinoma cells, when used together with sor-
afenib, compared to treatment with sorafenib alone (P<0.05;
Figure 4A and B). These findings demonstrated that
VER155008 significantly decreased the effect of sorafenib
compared with sorafenib alone (P<0.05; Figure 4B and C).
Cell migration and invasion ability were increased by
VER155008 (Figure 4F). Western blot assays indicated that
cells treated with 15 pg/mL VER155008 showed significant

downregulated expression of CHOP, BAX and cleaved-
caspase-3, and upregulated Bcl-2 expression (Figure 5B).
These results demonstrated that sorafenib-mediated apopto-

sis was involved in excessive activation of GRP78.

MANF Knockdown Potentiates the
Sensitivity to Sorafenib in
Cholangiocarcinoma Cells in vivo

The above data suggested that MANF potentiates sensitivity
to sorafenib in HUCCTT1 cells. To confirm this, we investi-
gated the effect of MANF downregulation using ICC xeno-
grafts in nude mice. HUCCT1 cells with stable MANF

silencing were subcutaneously inoculated into the right iliac
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Figure 4 MANF knockdown potentiates the sensitivity to sorafenib of cholangiocarcinoma cells. (A and B) HUCCTI and QBC939 cells transfected with vector/MANF
shRNA were treated with sorafenib and iGrp78 (VER155008), respectively, and cell inhibition rates were analyzed by the CCK8 assay. (C—E) Apoptosis of HUCCTI and
QBC939 cells was measured by flow cytometry after treatment with sorafenib and iGrp78 (VER155008). (F) MANF knockdown effects on the invasion and migration of
cholangiocarcinoma cells treated with sorafenib and iGrp78 (VER155008), respectively. **P < 0.01.

Abbreviations: MANF, mesencephalic astrocyte-derived neurotrophic factor; NS, no statistical significance.

fossa of 6-week-old female athymic nude mice for the indi-
cated number of days. After 4 weeks, all mice were given
sorafenib (10 mg/kg b.w.). As shown in Figure 6, tumors
derived from mice injected with MANF knockdown cells
were more sensitive to sorafenib therapy than tumors derived
from mice injected with the NC (P<0.05; Figure 6A—C).
Western blotting of xenograft tumor tissues showed that

MANF protein levels were successfully decreased (P<0.05;
Figure 6D). These results suggested that MANF knockdown
enhanced the therapeutic efficacy of sorafenib in vivo.

Discussion
ICC is the second most common histologic type of primary
malignant liver tumors.>? ICC accounts for approximately
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Figure 5 MANF affects sorafenib sensitivity by regulating ER stress. (A) MANF knockdown in HUCCTI cells increases sorafenib-mediated ER stress and expression of
apoptosis proteins. (B) VER155008 reversed sorafenib-mediated expression of apoptosis proteins. *P < 0.05, **P < 0.01.
Abbreviations: MANF, mesencephalic astrocyte-derived neurotrophic factor; NS, no statistical significance.

3% of all primary hepatobiliary malignancies and 5-10% of
all cases of cholangiocarcinoma.*® The prognosis of ICC is
poor. More than 70% of patients with ICC are unresectable
or have advanced disease requiring systemic therapies such

as chemotherapy at the time of diagnosis.***> However, ICC
is not sensitive to radiotherapy and chemotherapy.”'”
Therefore, new therapeutic targets and strategies are

urgently needed to prolong patients’ survival.
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MANF protein expression in xenograft tumor tissues were detected by Western blotting. **P < 0.01.

Abbreviation: MANF, mesencephalic astrocyte-derived neurotrophic factor.

MANTF, a secreted protein localized in the ER, is widely
expressed in mammalian tissues, and can be upregulated by
ER stress activation.**® Elina et al demonstrated that the
protective effect of MANF was associated with inhibition of
the NF-xB signaling pathway and alleviation of ER stress.
MANF also has a direct link with human beta cell
proliferation.’” These molecules are key targets in malignant
tumor treatment. Thus, MANF may be involved in the
process of cancer initiation and progression. In the current
study, we determined MANF expression and evaluated the
prognostic role of MANF in ICC. The results suggested that
MANF was always overexpressed in ICC, indicating the
significance of MANF in tumorigenesis. Furthermore, high
expression of MANF was associated with higher TNM
stage, larger tumor size and excess tumor markers indicating
a poor prognosis. In addition, we found that OS and DFS in
patients with overexpression of MANF were significantly
reduced, when the follow-up and prognostic data of ICC
patients were analyzed. Multivariate Cox regression ana-
lyses showed that overexpression of MANF was one of the
significant risk factors predicting OS and DFS, and MANF

could be utilized as a prognostic marker to predict ICC and
its prognosis.

When MANF was artificially upregulated or downre-
gulated in vivo to investigate the biological behavior of
cholangiocarcinoma cells, the results suggested that
MANF knockdown inhibited cell proliferation by suppres-
sing the phosphorylation of mTOR. The mTOR signaling
pathway is frequently activated in several human cancers,
regulating a variety of cellular activities, such as prolifera-
tion, differentiation, growth, metabolism, angiogenesis and
metastasis.>® Moreover, MANF also plays a protective role
against ER stress-induced cell death, and MANF over-
expression can protect neuronal cells against ER stress-
induced cell death. MANF overexpression activates the
PI3K/Akt/mTOR pathway and downregulates CHOP, and
caspase-3.2%° Conversely, MANF knockdown suppressed
ICC cell growth, reduced the phosphorylation of mTOR,
but had no effect on the expression of CHOP, GRP7S,
PERK, and IREla. However, no significant differences
in these parameters were found in the MANF overexpres-
sion group.
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The above clinical data suggested that MANF overex-
pression in cholangiocarcinoma is an adverse prognostic
factor, but the current results provide limited support for
this. It has been reported that MANF is regulated by ER
stress which is involved in the sensitivity of drug
therapy.?*~%*" Sorafenib, a multi-kinase inhibitor, has been
shown to have antitumor activity in human ICC cell lines
in vitro and in vivo.!! However, there is limited evidence to
support the therapeutic effectiveness of sorafenib treatment

for ICC patients in clinical practice,'> '

probably because
the therapeutic sensitivity of sorafenib is unsatisfactory. ER
stress plays a key role in tumor pathogenesis, and recent
studies have shown that ER stress promotes the process of
tumor progression and resistance to chemoradiotherapy.*'**
When cancer cells were treated with drugs such as cisplatin
or sorafenib, ER stress-induced UPR signaling was seen as
a compensatory mechanism, whereas severe and prolonged
ER stress damaged the biological function of cells and
mediated cell apoptosis.*® A recent study showed that
MANTF can regulate the expression of caspase-3 via regula-
tion of CHOP.*® The expression of CHOP, a stress-inducible
nuclear protein, is upregulated under ER stress and its
expression is low under physiological conditions.***
Upregulation of CHOP leads to cell cycle arrest and apopto-
sis, and ER stress cannot be alleviated.*® Cancer cells can
alleviate ER stress to acquire survival advantages to drive
cancer occurrence, progression and drug resistance.'® High
multiplication potentiality and drug resistance of tumor cells
ultimately result in poor prognosis. Based on our findings, we
confirm that MANF knockdown potentiated sensitivity to
sorafenib, deteriorated sorafenib-mediated ER stress and
induced apoptosis in ICC cells both in vivo and in vitro.
These results may contribute to improving the value of
sorafenib in the clinical treatment of cholangiocarcinoma.
GRP78 is a chief regulator of ER function, and PERK,
IRE1, and ATF6 were activated while GRP78 was released
*7 A recent study showed that
downregulation of GRP78 suppressed proliferation, induced

from these complexes.

apoptosis, and increased the sensitization to chemotherapy-
induced apoptosis of cancer cells.***** However, under patho-
logical conditions, excessive UPR activation and severe ER
stress lead to abnormal protein secretion and apoptosis.*
One study suggested that upregulation of GRP78 and exces-
sive stress stimulated by psoralen leads to increased apopto-
sis and expression of CHOP, the p-JNK/JNK ratio, and Bax/
Bcl-2 ratio.*! In the present study, when MANF knockdown
cells were treated with sorafenib, excessive ER stress-

mediated apoptosis was alleviated by artificial inhibition of

GRP78. ER stress was alleviated and the expression of
XBP1, CHOP, cleaved caspase-3 and Bax/Bcl-2 was
decreased.

Our study confirmed that MANF was upregulated in ICC
tissues which indicated a poor prognosis. MANF overexpres-
sion might help tumor cells to survive during drug therapy by
alleviating ER stress and enhancing ER adaptive capacity,
leading to a poor prognosis. Moreover, low expression of
MANF may increase sorafenib sensitivity in cholangiocarci-
noma cell lines, which is beneficial in the clinical application
of sorafenib and could improve the prognosis of patients with
cholangiocarcinoma. MANF is a molecular marker in the
treatment and prognosis of ICC. We provide a new perspec-
tive for further examination of the biological functions of
MANF. However, more fundamental experiments are needed.

Conclusion

MANF is a molecular marker in the treatment and prognosis
of ICC. MANF knockdown increases sorafenib-mediated ER
stress and apoptosis in the cholangiocarcinoma cell lines.
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