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Purpose: Angiogenesis actively contributes to tumor growth and metastasis. MACC1 was 

reported to be associated with tumor progression. In the present study, we aimed to investigate 

the expression and role of MACC1 in cholangiocarcinoma (CCA) and its correlation with 

angiogenesis.

Patients and methods: We investigated the expression and correlation of MACC1 and 

VEGFA in The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) datasets 

and in 7 paired frozen CCA and matched paracarcinoma tissues. Immunohistochemistry (IHC) 

was used to examine MACC1 and VEGFA expression as well as microvessel density (MVD) 

in 122 paraffin-embedded CCA samples. Western blotting, real-time qPCR and ELISA were 

performed to investigate the effect of MACC1 knockdown on VEGFA expression and secre-

tion in CCA cells. Subsequently, we collected conditioned medium from cells with MACC1 

knockdown and used it in angiogenesis assays.

Results: The expression levels of both MACC1 and VEGFA were significantly upregulated in 

the TCGA and GEO datasets and in the 7 paired frozen CCA tissues compared to the matched 

paracarcinoma tissues, and MACC1 was significantly correlated with VEGFA. IHC showed 

that high expression of MACC1 and VEGFA was significantly correlated with lymph node 

metastasis (P,0.05 and P,0.01) and worse survival (P,0.01, P,0.05) in patients with CCA. 

We further verified that MACC1 was significantly correlated with VEGFA (P,0.01) and MVD 

(P,0.01) in clinical samples. Western blotting, real-time qPCR and ELISA results showed that 

MACC1 knockdown in CCA cells significantly decreased the protein and mRNA expression of 

VEGFA and reduced the VEGFA concentration in conditioned medium. Moreover, angiogenesis 

assays showed that conditioned medium from CCA cells with MACC1 knockdown decreased 

the number of tubes formed.

Conclusion: Our results indicate that MACC1 and VEGFA expression are upregulated in CCA. 

Moreover, MACC1 is an independent predictor of overall survival and facilitates angiogenesis 

in CCA by upregulating of VEGFA.

Keywords: microvessel density, TCGA, GEO, prognosis, carcinoma

Introduction
Cholangiocarcinoma (CCA) is an epithelial cell malignancy originating from the 

intrahepatic and extrahepatic bile duct epithelia and has a dismal prognosis.1,2 Aside 

from surgical resection, the current therapeutic options for CCA are very limited, 

and most patients have advanced disease at diagnosis.2 The treatment outcomes of 

adjuvant radiochemotherapy are still not satisfactory.3 Although antiangiogenic drugs 

have been used to treat CCA, more side effects and unsatisfactory efficacy have been 

reported.4,5 Therefore, it is necessary to further understand the biological behavior of 

CCA to provide new treatment modalities.
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Angiogenesis is the biological process that leads to the 

formation of new vessels from preexisting vasculature, 

which is a critical event in many solid tumors because 

rapidly growing tumor cells require extra blood vessels to 

supply nutrients and to induce distant metastasis.6 Vascular 

endothelial growth factor A (VEGFA) is the most relevant 

proangiogenic factor and plays a key role in angiogenesis. 

The signaling mediated by VEGFA promotes endothelial 

cell proliferation and migration and results in the formation 

of new blood vessels.7 High microvessel density (MVD) is 

correlated with a poor prognosis in pancreatic cancer, breast 

cancer, and intrahepatic CCA.8–10

Metastasis-associated in colon cancer-1 (MACC1) was 

first identified in 2009 through a genome-wide search for 

differentially expressed genes in human colon cancer tissues 

and metastatic tissues.11 It has been reported that MACC1 

mRNA expression might be an independent prognostic indi-

cator of recurrence and disease-free survival in colorectal 

carcinoma,12 lung adenocarcinoma,13 pancreatic cancer,14 

and hilar cholangiocarcinoma.15 MACC1 promotes the pro-

liferation, migration, and invasiveness of cancer cells via 

the hepatocyte growth factor (HGF)/c-Met/MAPK signaling 

pathway.16 Previous studies have also indicated that MACC1 

participates in angiogenesis in gastric cancer17 and cervical 

cancer.18 However, the correlation between MACC1 and 

angiogenesis in CCA has not yet been investigated.

In this study, we found that MACC1 and VEGFA were 

significantly upregulated in CCA according to The Cancer 

Genome Atlas (TCGA) and Gene Expression Omnibus 

(GEO) datasets, as well as in human paraffin-embedded CCA 

samples. Moreover, MACC1 and VEGFA expression levels 

were positively correlated in CCA tissues. MACC1 was also 

an independent predictor of overall survival. We further 

confirmed that MACC1 regulated the expression and secre-

tion of VEGFA and promoted angiogenesis in CCA cells.

Patients and methods
Tcga and geO databases
Data from the TCGA19 (https://cancergenome.nih.gov/) 

and GEO (https://www.ncbi.nlm.nih.gov/geo/), accession 

numbers: GSE76297,20 GSE8974921 databases are publicly 

available.

Patients and tissue samples
We obtained tumor specimens and 31 paracarcinoma speci-

mens from 122 patients with CCA who underwent surgery 

between 2010 and 2016 at the Department of Hepatobiliary 

Surgery, Southwest Hospital. Seven paired CCA and matched 

paracarcinoma tissues were obtained during surgery in 2018 

and were immediately stored in liquid nitrogen. The clinical 

information of the 122 CCA patients is summarized in 

Table 1. None of the patients either received (neo) adjuvant 

chemotherapy or underwent liver transplantation. This study 

was approved by the Ethics Committee of Southwest Hospital 

at Army Medical University, Chongqing, China. The partici-

pants provided written informed consent, and this study was 

conducted in accordance with the Declaration of Helsinki.

immunohistochemistry (ihc) staining
Paraffin-embedded tissue sections were deparaffinized in 

xylene, rehydrated in a graded series of ethanol solutions and 

then incubated for 30 minutes in 3% H
2
O

2
 at 37°C to quench 

endogenous peroxidase activity. Next, antigen retrieval was 

performed by heating the sections in citrate buffer. Nonspecific 

binding was blocked by incubating the sections with 10% goat 

serum for 30 minutes at room temperature. The slides were then 

incubated overnight at 4°C with a rabbit anti-MACC1 primary 

antibody (1:100, ab106579, Abcam, Cambridge, UK) or a rab-

bit anti-VEGFA primary antibody (1:100, ab46154, Abcam). 

An appropriate secondary antibody was added, and the slides 

were incubated for 30 minutes at 37°C; antibody binding was 

visualized with DAB. The staining was scored independently 

by two observers who were blinded to the clinical data. The 

percentages of positively stained carcinoma cells were graded 

as follows: 0= negative; 1=1%–50%; 2=51%–74%; and 

3$75%, and the staining intensity was graded as follows: 0= 

no staining; 1= weak; 2= moderate; and 3= strong. The two 

values were multiplied to obtain a final score: negative =0; 

low expression =1–3; high expression =4–6.

Microvessel density (MVD)
The MVD was determined as described by Weidner et al22 

The MVD of the tumor sections was assessed according to 

IHC using an anti-CD34 antibody (1:100, ab81289, Abcam) 

to stain the tumor vessels. To quantify MVD, three areas 

within the tumor with the highest vascular density (vascular 

hot spots) were identified at low magnification (100×), and 

the number of vessels was counted microscopically under 

200× magnification. All counts were independently reviewed 

by three observers blinded to the clinical data. According to 

the average values, the MVD was classified as either high 

($24.1 mm2) or low (,24.1 mm2).

cell culture and transfection
The human CCA cell line QBC939 was established from an 

extrahepatic CCA lesion and maintained at the Hepatobiliary 
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Surgery Institute, Southwest Hospital, Army Medical 

University. RBE cells were purchased from the Japanese 

Collection of Research Bioresources (Osaka, Japan).23 Two 

human CCA cell lines were cultured in RPMI 1640 medium 

with 10% FBS (Zeta, Japan) and were routinely cultured in a 

humidified incubator at 37°C with 5% CO
2
. Human umbilical 

vein endothelial cells (HUVECs) were purchased from 

American Type Culture Collection (ATCC), Manassas, VA, 

USA and cultured in DMEM with 10% FBS (Zeta, Japan). 

The target MACC1 sequence for the short hairpin RNA plas-

mid against MACC1 was purchased from GenePharma Co. 

Ltd (Shanghai, China). The shRNA sequences for MACC1 

are as follows: forward, 5′-GAGTTAGTCGCACGTCTCA 

and reverse, 5′-TGAGACGTGCGACTAACTC. Two cell 

lines were transfected with the plasmid using Lipofectamine 

3000 (Thermo Fisher Scientific, Waltham, MA, USA) 

according to the manufacturer’s instructions. The cells were 

then cultured for 48–72 hours after transfection.

Immunofluorescence (IF) confocal 
microscopy
CCA cells were seeded on chamber slides overnight, after 

which they were fixed with 4% formaldehyde for 15 minutes 

at room temperature, permeabilized with 0.3% Triton X-100 

(Sigma-Aldrich Co., St Louis, MO, USA) for 10 minutes 

and incubated with 1% BAS for 30 minutes at room tem-

perature to block nonspecific binding of the antibodies. The 

slides were incubated overnight at 4°C with the following 

primary antibodies: rabbit anti-MACC1 primary antibody 

(1:100, ab106579, Abcam) and mouse anti-VEGFA primary 

antibody (1:100, bsm-4572M; Biosynthesis Biotechnology 

Inc., Beijing, China). The slides were washed three times 

and incubated with secondary antibody (SA00009-2 and 

SA00013-5, Beyotime, China) for 1 hour in the dark. DAPI 

(Beyotime Biotechnology, Shanghai, China) was added to 

the cells for 5 minutes to stain the nuclei. Finally, the slides 

were mounted on a coverslip and stored in the dark at 4°C.

Western blotting
Total proteins from cells, human CCA tissues and para-

carcinoma tissues were extracted with RIPA lysis buffer 

(Sigma-Aldrich Co., St Louis, MO, USA) supplemented 

with protease inhibitor cocktail tablets (Hoffman-La Roche 

Ltd., Basel, Switzerland). The resulting protein lysates were 

separated through an SDS-polyacrylamide gel and electro-

transferred to polyvinylidene difluoride membranes (Merck 

Table 1 clinical characteristics of Macc1 and VegFa expressions in 122 cholangio carcinoma patients

Characteristics MACC1 expression P-valuea VEGFA expression P-valuea

Low (N=57) High (N=65) Low (N=55) High (N=67)

age 0.483 0.251

,60 years 36 37 36 37

$60 years 21 28 19 30

gender 0.741 0.973

Male 35 38 33 40

Female 22 27 22 27

location 0.665 0.059

intrahepatic 16 16 19 13

extrahepatic 41 49 36 54

histological 0.980 0.325

g1 5 6 5 6

g2 43 48 38 53

g3 9 11 12 8

T classificationb 0.194 0.771

T1 or T2 27 40 31 36

T3 or T4 30 25 24 31

lymph node metastasis 0.018 0.006

negative 35 26 35 26

Positive 22 39 20 41

Notes: aData in bold indicates a P-value ,0.05 and was considered to be statistically significant. baccording to the seventh Uicc-TnM staging. statistical analysis was 
performed by a χ2 or Fisher’s exact test.
Abbreviations: Uicc, Union for international cancer control; TnM, Tumor node Metastasis.
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Millipore,  Billerica, MA, USA). Fat-free milk (5%) was used 

to block the membranes for 2 hours at room temperature. 

After blocking, rabbit primary antibodies, including anti-

MACC1 (1:2,000, Abcam), anti-VEGFA (1:2,000, Abcam), 

and anti-GAPDH (1:10,000; Proteintech Group Inc., Wuhan, 

China), were incubated with the membranes overnight at 4°C. 

The next day, the membranes were washed with PBST and 

incubated with horseradish peroxidase-conjugated secondary 

antibody for 2 hours at room temperature. The immunocom-

plexes were then visualized using chemiluminescence (Merck 

Millipore) according to the manufacturer’s protocol.

rna extraction and real-time qPcr
Total RNA was extracted using an Eastep Super Total RNA 

extraction kit (Promega Corporation, Fitchburg, WI, USA) 

according to the manufacturer’s protocols. cDNA synthesis 

was also performed according to the manufacturer’s instructions 

(PrimeScript™ RT reagent kit, RR037A; Takara Bio Inc., Shiga, 

Japan). Quantitative PCR was performed with SYBR Premix Ex 

TaqTM II (RR820A; Takara Bio Inc.) using a CFX96 real-time 

system. The data were analyzed, and the expression levels were 

calculated according to the sample threshold cycle (Ct) value 

from three independent experiments. The primer sequences are as 

follows: MACC1 (NCBI Reference Sequence: NM_182762.3), 

forward primer 5′-TTCTTTTGATTCCTCCGGTGA-3′, 
reverse primer 5′-ACTCTGATGGGCATGTGCTG-3′; 
GAPDH (NCBI Reference Sequence: NM_002046.7) forward 

primer 5′-AGAAGGCTGGGGCTCATTTG-3′, reverse primer 

5′-AGGGGCCATCCACAGTCTTC-3′; and VEGFA (NCBI 

Reference Sequence: NM_001025366.2) forward primer 

5′-GGGCAGAATCATCACGAAGT-3′, reverse primer 

5′-TGGTGATGTTGGACTCCTCA-3′. The expression levels 

were normalized to those of GAPDH.

enzyme-linked immunosorbent assay
CCA cells were seeded in 6-well plates and incubated in 

serum-free medium for 24 hours. The conditioned medium 

was collected, and the concentration of VEGFA was quanti-

fied using VEGFA ELISA kits (Wuhan Abebio Science Co., 

Ltd, Wuhan City, China) according to the manufacturer’s 

instructions. The results represent the mean values from three 

separate experiments.

in vitro Matrigel-based angiogenesis 
assays
HUVECs were seeded at a density of 1×105 cells per well in 

500 µL of conditioned medium in a 24-well plate that was 

precoated with Matrigel (Corning Incorporated, Corning, 

NY, USA); the cells were allowed to grow for 8 hours at 37°C. 

Images were obtained using an inverted bright-field micro-

scope (Nikon Corporation, Tokyo, Japan). Three randomly 

selected fields per sample were photographed at 100× mag-

nification. The numbers of connected tubes were determined 

by ImageJ software (National Institutes of Health, Bethesda, 

MD, USA) and then compared between the different groups.

statistical methods
Statistical analysis was performed using the SPSS 22.0 

software package (IBM Corporation, Armonk, NY, USA) 

and GraphPad Prism 7 software (GraphPad Software, Inc., 

La Jolla, CA, USA). The relationship between MACC1 

and VEGFA in the TCGA and GEO datasets was also 

evaluated by linear regression analysis. Survival analysis 

was performed using the date of surgery to the date of death 

according to the Kaplan–Meier method. The statistical sig-

nificance of the differences in cumulative survival curves 

was compared using the log-rank test. Multivariate analysis 

was performed using the Cox regression model. To compare 

the statistical significance of differential results between two 

groups, a two-tailed t-test analysis was performed. The quan-

titative data were expressed as the mean ± SEM (standard 

error of mean) of three independent experiments. P-values 

less than 0.05 were defined as statistically significant.

Results
Macc1 and VegFa expression is 
significantly upregulated in CCA tissues
To explore the role of MACC1 and VEGFA in CCA, we ana-

lyzed MACC1 and VEGFA expression in publicly available 

human CCA datasets (TCGA and GEO). Both MACC1 and 

VEGFA were significantly upregulated in CCA tissues from 

the datasets and in paired CCA tissues compared with the 

levels in normal control tissues (Figure 1A–D). Subsequently, 

we verified in 7 frozen CCA tissues that the protein and mRNA 

levels of MACC1 and VEGFA were increased compared with 

those in the matched paracarcinoma tissues (Figure 1E–G). We 

further analyzed the correlation of MACC1 and VEGFA and 

found that MACC1 was significantly correlated with VEGFA 

in the TCGA, GSE76297 and GSE89749 datasets (Figure 2).

immunohistochemical analysis of Macc1 
expression, VegFa expression and MVD 
in paraffin-embedded CCA samples
To analyze further the expression of MACC1 and VEGFA, 

we performed immunohistochemical staining for MACC1 

and VEGFA in 122 paraffin-embedded CCA samples and 31 
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paracarcinoma samples. Representative staining of MACC1 

and VEGFA in CCA and paracarcinoma tissues is shown in 

Figure 3A. MACC1 and VEGFA were primarily expressed 

in the cytoplasm. MACC1-high and VEGFA-high expression 

was observed in 53.3% (65/122 cases) and 54.9% (67/122 

cases) of CCA cases, respectively. Combined MACC1-

high/VEGFA-high expression was observed in 43 cases, 

and MACC1-low/VEGFA-low expression was observed in 

33 cases. However, all 31 paracarcinoma samples showed 

low expression of MACC1 and VEGFA.

Tumor angiogenesis was assessed by MVD. We defined 

values higher than the cut-off of the MVD (median value; 

24.1/mm2) as high MVD and values lower than the cut-off 

as low MVD. Among the 122 CCA patients, 56 (45.9%) had 

high MVD, while the remaining 66 (54.1%) were considered 

to have low MVD. Representative images of high and low 

MVD are indicated in Figure 3B.

high expression of Macc1 and VegFa 
is associated with lymph node metastasis 
and worse survival in patients with cca
The analysis of the correlation of MACC1 and VEGFA with 

clinicopathological parameters revealed that MACC1 and 

VEGFA are associated with lymph node metastasis (P,0.05 

and P,0.01, Table 1) but were not significantly associated 

with age, gender, location, histological type or T grade. 

Figure 2 correlation of Macc1 and VegFa expression in the Tcga (chOl) and geO datasets.
Abbreviations: geO, gene expression Omnibus; Tcga (chOl), The cancer genome atlas (cholangiocarcinoma).

Figure 3 Immunohistochemical analysis of MACC1 expression, VEGFA expression and MVD in human paraffin-embedded CCA samples.
Notes: (A) representative images of Macc1 and VegFa staining in cca tissues. Paracarcinoma tissues showed low expression, while carcinoma tissues showed either 
low expression or high expression. (B) cD34 staining indicating high and low MVD in cca.
Abbreviations: cca, cholangiocarcinoma; MVD, microvessel density.
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To analyze the impact of MACC1 and VEGFA expression on 

the prognosis of patients with CCA, we performed a survival 

analysis. The results of the Kaplan–Meier analysis revealed 

that high expression of MACC1 and VEGFA was signifi-

cantly associated with reduced overall survival (log-rank 

P,0.01 and P,0.05, Figure 4A and B). Then, we analyzed 

the co-expression of MACC1 and VEGFA as a prognostic 

indicator and found that individuals with MACC1-high/

VEGFA-high expression also had a worse overall survival 

than those with MACC1-low/VEGFA-low expression 

(log-rank P,0.001, Figure 4C). Cox regression analysis 

showed that MACC1 and lymph node metastasis were 

independent predictors of overall survival in CCA patients 

(Table 2). These results indicated that high expression of 

MACC1 and VEGFA is significantly correlated with lymph 

node metastasis and worse survival in patients with CCA.

Macc1 expression is correlated with 
VegFa expression and MVD
We found a significant positive correlation between MACC1 

and VEGFA in the TCGA and GEO datasets (Figure 2). 

A similar significant correlation was observed between 

MACC1 and VEGFA expression in 122 paraffin-embedded 

CCA tissues: 66.2% (43/65) of CCA tissues with high 

MACC1 expression showed high VEGFA expression 

(P,0.01, Table 3), and 60% (39/65) of CCA tissues with 

high MACC1 expression showed a high MVD (P,0.01, 

Table 4). The results revealed that MACC1 expression is 

significantly correlated with VEGFA expression and MVD.

Macc1 knockdown reduces VegFa 
expression
Based on the positive correlation between MACC1 and 

VEGFA observed in CCA tissues, we speculated that 

MACC1 regulates VEGFA. We first evaluated the localiza-

tion of the two proteins by confocal laser scanning micros-

copy. In both CCA cell lines, MACC1 and VEGFA were 

expressed in the cytoplasm and nucleus (Figure 5A). Then, 

we assessed the protein levels of MACC1 in QBC939 and 

Figure 4 survival analysis of Macc1 and VegFa in cca.
Notes: (A) Kaplan–Meier analysis for the overall survival of cca patients with Macc1-high expression (n=65) and Macc1-low expression (n=57). (B) Kaplan–Meier 
curves for the overall survival of cca patients with VegFa-high expression (n=67) and VegFa-low expression (n=55). (C) Kaplan–Meier curves for the overall survival of 
cca patients with Macc1-high/VegFa-high expression (n=43) and Macc1-low/VegFa-low expression (n=33).
Abbreviation: cca, cholangiocarcinoma.

Table 2 cox regression analysis for overall survival of cca 
following surgical resection

Variables HR (95% CI) P-valueb

gender (male vs female) 0.679 (0.431–1.071) 0.096

age (,60 years vs $60 years) 0.759 (0.439–1.168) 0.209

location (intrahepatic 
vs extrahepatic)

1.024 (0.603–1.737) 0.930

lymph node metastasis 
(negative vs positive)

1.820 (1.137–2.912) 0.013

T classificationa (T1–T2 vs T3–T4) 1.051 (0.675–1.638) 0.825

histological (g1 vs g2 vs g3) 0.910 (0.607–1.365) 0.650

Macc1 (low vs high) 1.544 (1.024–2.328) 0.038

VegFa (low vs high) 1.454 (0.933–2.265) 0.098

Notes: aaccording to the seventh Uicc-TnM staging. bData in bold indicates a 
P-value ,0.05 and was considered to be statistically significant.
Abbreviation: cca, cholangiocarcinoma.

Table 3 correlation between Macc1 and VegFa expression 
in 122 cca tissues

MACC1 expression P-value

Low High

VegFa expression 0.008a

high 24 (42.1%) 43 (66.2%)

low 33 (57.9%) 22 (33.8%)

Note: aP,0.01, statistical significance by chi-squared test.
Abbreviation: cca, cholangiocarcinoma.
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RBE cells. Both cell lines exhibited the same MACC1 protein 

levels (Figure 5B). We knocked down MACC1 in both types 

of CCA cells via plasmid transfection. Western blotting and 

real-time qPCR verified that knocking down MACC1 signifi-

cantly downregulated the protein and mRNA expression of 

VEGFA in both CCA cell lines (Figure 5C–F). These results 

confirmed that MACC1 knockdown significantly reduced 

VEGFA expression at both the protein and mRNA levels.

Table 4 correlation between Macc1 expression and MVD in 
122 cca tissues

 MACC1 expression P-value

Low High

MVD   0.001a

high 17 (29.8%) 39 (60.0%)  

low 40 (70.2%) 26 (40.0%)  

Note: aP,0.01, statistical significance by chi-squared test.
Abbreviations: cca, cholangiocarcinoma; MVD, microvessel density.

Figure 5 localization of Macc1 and VegFa in human cca cell lines and downregulation of VegFa expression by Macc1 knockdown in cca cells.
Notes: (A) confocal laser scanning microscopy was used to determine the localizations of Macc1 (red) and VegFa (green) in QBc939 cells (up) and rBe cells (down). 
scale bars =50 µm. (B) Macc1 protein levels in QBc939 and rBe cells. (C, D) impact of Macc1 knockdown on VegFa levels in cca cells assessed by Western blotting 
analysis. gaPDh was used as an internal control. (E, F) impact of Macc1 knockdown on VegFa levels in cca cells assessed by real-time qPcr analysis. The assay was 
performed in three independent experiments. The expression levels were normalized to those of gaPDh. *P,0.05, **P,0.01, ***P,0.001.
Abbreviation: cca, cholangiocarcinoma.
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Macc1 knockdown reduces VegFa 
secretion and angiogenesis
To determine the effect of MACC1 on VEGFA secretion 

and angiogenesis in CCA, we first used ELISA to measure 

the levels of secreted VEGFA in conditioned medium of 

cells with MACC1 knockdown. We found that MACC1 

knockdown significantly decreased the level of secreted 

VEGFA compared with that in the shControl group in both 

QBC939 and RBE cells (P,0.01 and P,0.01, Figure 6A 

and B). Then, we performed a tube formation assay in 

Matrigel using HUVECs cultured in conditioned medium 

from MACC1-knockdown CCA cells. The number of 

tubes formed after exposure to medium from the MACC1 

knockdown group was significantly lower than that after 

exposure to medium from the shControl group in both 

QBC939 and RBE cells (P,0.01 and P,0.01, Figure 6C 

and D). Taken together, these results suggest that MACC1 

knockdown significantly reduces VEGFA secretion and 

angiogenesis in CCA.

Discussion
The early diagnosis rate of CCA is low, and patients have 

a poor prognosis. Most cases are clinically diagnosed at 

advanced stages or when distant metastasis has already 

occurred. MACC1, an oncogene that regulates colon cancer 

metastasis, has been reported to be highly expressed in 

several types of cancer cells. High levels of MACC1 are 

associated with lymph node metastasis and TNM stage in 

gastric carcinoma as well as with a lower survival in some 

cancers, including non-small-cell lung cancer, hepatocel-

lular carcinoma, and colorectal cancer.16,24–26 These studies 

of MACC1 in cancer highlight the importance of MACC1 

in predicting patient prognosis. In our study, we found 

that MACC1 is expressed at a significantly higher level in 

carcinoma tissues than in paracarcinoma tissues according 

to the TCGA and GEO datasets. Subsequently, we verified 

the results in paraffin-embedded and paired frozen CCA 

and paracarcinoma samples. Moreover, high expression of 

MACC1 is associated with lymph node metastasis and poor 

Figure 6 Macc1 knockdown decreases VegFa secretion and angiogenesis in cca cells.
Notes: (A, B) Macc1 knockdown in QBc939 and rBe cells reduced the VegFa protein concentration in conditioned medium, as detected by elisa. (C, D) Macc1 
knockdown in QBc939 and rBe cells suppressed hUVecs tube formation. representative images of tube-like structures were obtained, and the mean number of tubes in 
the entire field was calculated (right). The assay was performed in three independent experiments. Bar graphs show ± seM. *P,0.01.
Abbreviations: cca, cholangiocarcinoma; hUVecs, human umbilical vein endothelial cells; seM, standard error of mean; shcontrol, short hairpin control; shMacc1, 
short hairpin metastasis-associated in colon cancer-1.
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survival and was also an independent predictor for overall 

survival. These results implied that MACC1 might accelerate 

the progression of CCA and may serve as a new parameter 

for the prognostic prediction of CCA.

The sustained growth and metastasis of CCA depends on 

sufficient blood supply and angiogenesis. VEGFA, the most 

well-known regulator of angiogenesis, promotes tumor and 

endothelial cell proliferation and survival through autocrine 

or paracrine pathways.27 Increased VEGFA expression is 

associated with the development of multiple tumors and 

malignancies, including breast,28 colorectal,29 and lung 

cancer.30 In our study, we found that VEGFA expression is 

higher in paraffin-embedded and frozen CCA tissues than 

in paracarcinoma tissues. Moreover, we found a positive 

correlation between MACC1 and VEGFA in the TCGA 

and GEO datasets. Subsequently, we further confirmed the 

positive correlation among MACC1 expression, VEGFA 

expression, and MVD in CCA tissue samples. Using immu-

nohistochemical analysis of human gastric cancer, previous 

studies have shown that MACC1 is positively associated with 

MVD.17 Some researchers have also reported that ectopic 

expression of MACC1 enhanced cell angiogenesis in cervical 

cancer cells.18 We first evaluated the correlation of MACC1 

with angiogenesis in CCA. In vitro, alterations in MACC1 

expression affected VEGFA expression and secretion as 

well as angiogenesis.

MACC1 transcriptionally activates Met to induce tumor 

cell invasion, migration and proliferation through the 

HGF/Met signaling pathway11,31,32 and promotes angiogen-

esis through the TWIST1/VEGFA signaling pathway.17,33 

However, whether MACC1 regulates VEGFA in CCA 

through direct transcription or through other signaling path-

ways requires further investigation.

Conclusion
In conclusion, we found that MACC1 and VEGFA are 

upregulated in CCA and that high expression of MACC1 

and VEGFA predicts poor survival. Moreover, MACC1 is 

an independent predictor of overall survival and facilitates 

CCA angiogenesis by upregulating VEGFA.
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