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Purpose: To investigate the expression and functional role of Musashi2 (MSI2), an RNA-binding 

protein, in extrahepatic cholangiocarcinoma (eCCA).

Patients and methods: We measured MSI2 expression in human specimens and cell lines 

using Western blot and quantitative real-time polymerase chain reaction, and we analyzed 

its association with clinicopathologic features in eCCA patients. Univariate and multivariate 

analyses were performed to identify risk factors correlated with overall survival and disease-

free survival. Functional experiments were used to study the mechanisms of MSI2 in regulating 

eCCA cell growth, migration, and invasion.

Results: MSI2 expression was upregulated significantly in both human specimens and cell lines, 

and high MSI2 expression was associated with lymph node metastasis, advanced TNM stage, 

and poor prognosis in eCCA patients. Additionally, MSI2 overexpression promoted eCCA cell 

growth, migration, and invasion, while MSI2 knockdown repressed eCCA cell migration and 

invasion by inhibiting epithelial–mesenchymal transition.

Conclusion: MSI2 is an independent prognostic factor for eCCA patients, and MSI2 down-

regulation inhibits eCCA cell growth and metastasis. MSI2 may be a potential therapeutic 

target for eCCA patients.
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Introduction
Cholangiocarcinoma (CCA) is an epithelial cell malignancy originating from various 

locations of the biliary tree. According to its anatomical location, it can be classified 

into intrahepatic and extrahepatic subtypes.1 Extrahepatic cholangiocarcinoma (eCCA) 

accounts for approximately 90% of cholangiocarcinoma cases; most of these are 

moderately poorly differentiated adenocarcinomas, and other histological subtypes are 

encountered rarely.2–4 The highly desmoplastic nature of eCCA and its extensive sup-

port by rich tumor microenvironments contribute to its therapeutic resistance. Surgical 

resection is the only preferred treatment for eCCA. Unfortunately, most patients are 

not suitable for curative resection since the disease is generally too advanced at the 

time of diagnosis.5,6 Although liver transplantation and surgical resection are choices 

for patients with eCCA, the 5-year survival rate is very low.7–9 Therefore, identifying 

effective prognostic biomarkers and therapeutic approaches is crucial for improving 

the diagnosis and survival of eCCA.

The Musashi (MSI) gene belongs to the RNA-binding protein family, which 

participates in posttranscriptional regulation by binding to target mRNAs.10,11 
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In mammals, the evolutionarily conserved MSI gene has 

two homologs: MSI1 and MSI2.12 In recent years, MSI2 

was reported to play an important role in various malignant 

tumors. For example, MSI2 acts as an essential regulator of 

hematopoietic stem cell self-renewal, and it was reported to 

be a potent cooperative oncogene in human leukemia.13,14 

High MSI2 expression can induce a more aggressive myeloid 

form of the disease, whereas MSI2 abrogation can promote 

differentiation, decrease proliferation, and increase apopto-

sis in myeloid leukemia cells.13,15,16 Researchers have also 

demonstrated the roles of MSI2 in solid tumor progression 

and development. He et al reported that MSI2 promoted the 

invasion and progression of hepatocellular carcinoma by 

interacting with the Wnt/beta-catenin pathway and inducing 

epithelial–mesenchymal transition (EMT).17 Another study 

found that MSI2 contributed to the invasion of lung adeno-

carcinoma through TGF-β signaling and that it may serve 

as a predictive biomarker of non-small-cell lung cancer 

aggressiveness.18 Moreover, MSI2 overexpression has been 

linked to therapeutic resistance in cancer, and some groups 

are attempting to develop small-molecule inhibitors of this 

protein.19–21 However, to the best of our knowledge, the 

expression and functional role of MSI2 in eCCA have not 

been investigated.

In the present study, we sought to evaluate MSI2 expres-

sion in human specimens, determine the association between 

MSI2 expression and clinicopathological characteristics, 

and identify the functional role of MSI2 in the growth and 

metastasis of eCCA cells.

Patients and methods
Patients and follow-up
Seventy-eight paraffin-embedded specimens pathologically 

diagnosed as eCCA and matched adjacent normal bile 

duct tissues were obtained from the specimen bank of the 

pathology department of Anhui Provincial Hospital. All 

patient clinicopathological data, including sex, age, tumor 

size, histological grade, and lymph node metastasis, were 

available. Both overall survival (OS) and disease-free sur-

vival (DFS) were acquired to evaluate the prognostic value 

of MSI2 in patients after surgery. The median follow-up 

period was 19.5 months, ranging from 1 to 60 months. 

This study was performed in accordance with the Helsinki 

Declaration and was approved by the Human Research 

Ethics Committee of Anhui Provincial Hospital. Written 

informed consent was obtained from each patient for 

this study.

immunohistochemistry
Immunohistochemical staining of paraffin-embedded 

specimens was performed with primary antibodies against 

MSI2 (ab76148, Abcam), as previously described.22 The 

staining intensity was classified as negative (0 points), 

weak (1 point), moderate (2 points), or strong (3 points). 

The percentage of stained cells was defined as negative 

(0 points), 10% (1 point), 10%–50% (2 points), or 50% 

(3 points). The final score was the sum of the extent and 

intensity of staining. A total score 3 was regarded as low 

expression; otherwise, the scores were considered to indicate 

high expression.

cell lines
A human normal biliary epithelial cell line (HIBEpiC) and 

eCCA cell lines (QBC939 and RBE) were purchased from the 

Cell Bank of the Chinese Academy of Sciences (Shanghai, 

China). All cell lines were cultured in RPMI-1640 medium 

containing 10% fetal bovine serum and 1% penicillin/

streptomycin.

Quantitative real-time Pcr
Total RNA was extracted from tissues and cell lines to 

synthesize cDNA according to the manufacturer’s protocol. 

Then, quantitative real-time polymerase chain reaction 

(qRT-PCR) was conducted using SYBR Green reagent and 

an ABI Prism 7900HT sequence detection system (Applied 

Biosystems, Thermo Fisher Scientific). The primers used 

in our study were designed as follows: MSI2, (forward) 

5′-ACCTCACCAGATAGCCTTAGAG-3′ and (reverse) 

5′-AGCGTTTCGTAGTGGGATCTC-3′; GAPDH, (for-

ward) 5′-CCTAGTTCGTCATGGGTGTGAACCA-3′ and 

(reverse) 5′-GCCAGTAGAGGCAGGGATGATGTTC-3′.

Western blot assay
Tissues and cells were lysed in cell lysis buffer supplemented 

with protease inhibitor cocktail on ice for 30 minutes. Then, 

the samples were centrifuged at 12,000 rpm for 15 minutes, 

and the supernatants containing the proteins were collected. 

The proteins were separated by SDS-PAGE and transferred 

onto polyvinylidene difluoride membranes. Then, the mem-

branes were blocked with 5% skim milk for 1 hour at room 

temperature and incubated with the primary antibodies at 4°C 

overnight. The next day, after the membranes were incubated 

with horseradish peroxidase-conjugated secondary antibody 

for 1 hour, the bands were captured and visualized with a 

chemiluminescence imaging system (Shanghai, China). 
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The primary antibodies used were as follows: anti-MSI2 

(ab76148, Abcam); anti-E-cadherin (ab1416, Abcam); anti-

vimentin (ab8978, Abcam); and anti-N-cadherin (ab76011, 

Abcam).

Plasmids and lentiviral infection
The MSI2-shRNA plasmid was a gift from the University of 

Science and Technology of China. Briefly, the MSI2-shRNA 

vectors were cotransfected with lentiviral packing vectors, 

pMD2.G and psPAX2, into 293 T cells. Forty-eight hours 

later, the virus particles were harvested, filtered, and used 

to infect eCCA cells. Polybrene was also added to a final 

concentration of 8 µg/mL. Finally, puromycin (2 µg/mL) 

was used for 2 weeks to select the resistant cells.

colony formation assay
Cells were plated in six-well plates (1,000 per well) and 

allowed to grow in culture medium. After 2 weeks, the colo-

nies were fixed in 4% paraformaldehyde for 20 minutes, and 

then stained with 0.1% crystal violet solution for 50 minutes. 

Colonies with more than 20 cells were counted using an 

inverted microscope.

cell counting Kit-8 assay
Cell Counting Kit-8 (CCK-8) assays were used to evaluate 

the proliferative ability of eCCA cells. Briefly, cells were 

seeded into 96-well plates (5×104 cells per well). After 0, 24, 

48, 72, and 96 hours of incubation, 10 µL of CCK-8 solu-

tion was added. Two hours later, the OD
450

 was measured in 

triplicate using a microplate reader. Cell growth curves were 

drawn to assess the proliferative ability of the cells.

cell migration and invasion assays
For the wound healing assays, cells were seeded in six-well 

plates and allowed to grow to confluence. A 200-µL sterile 

tip was used to create a wound in each well. Then, the cells 

were cultured in serum-free medium for 48 hours. The cells 

that migrated into the wound area were observed and photo-

graphed with an inverted microscope. For the Boyden cham-

ber assays, 24-well chambers with 12 cell culture inserts, 

which contained 8 µm pore polycarbonate membranes 

precoated with (for the invasion assay) or without (for the 

migration assay) Matrigel, were used. A total of 200 µL of 

serum-free medium containing 5×104 cells was added to the 

upper chamber, and 500 µL of culture medium containing 

10% fetal bovine serum was added to the lower chamber. 

After 48 hours of incubation, the cells attached to the lower 

surface of the membrane were fixed in methanol for 20 min-

utes and stained with a 0.1% crystal violet solution.

statistical analysis
SPSS 22.0 (IBM Corporation, Armonk, NY, USA) and 

GraphPad Prism 7 (San Diego, CA, USA) software were 

used for statistical analyses. Student’s t-test was used to 

estimate significant differences between groups. The corre-

lations between MSI2 expression and the clinicopathologic 

characteristics were assessed by the two-tailed chi-squared 

test or Fisher’s exact test. The associations between the MSI2 

expression level and patient survival were analyzed with 

the Kaplan–Meier method and compared using the log-rank 

test. A multivariate Cox regression model was used to find 

independent factors of prognosis. P0.05 was considered 

to be statistically significant.

Results
Msi2 expression is upregulated in ecca 
tissues
We evaluated MSI2 mRNA expression in 20 pairs of human 

specimens using qRT-PCR. As shown in Figure 1A, MSI2 

mRNA expression was significantly higher in tumor tissues 

than in adjacent normal tissues (4.00±0.26 vs 2.80±0.24, 

P=0.0015). MSI2 protein expression levels were detected 

using Western blot assays. Consistent with the qRT-PCR 

data, MSI2 protein levels were also significantly higher in 

eCCA tissues than in normal tissues (1.68±0.12 vs 1.11±0.07, 

P=0.0002; Figure 1B and C). In addition, we performed 

immunohistochemical staining on 78 eCCA samples, and the 

results further confirmed the high MSI2 expression levels in 

tumor tissues (Figure 1D and Table S1).

Msi2 upregulation predicts poor 
prognosis in ecca
To investigate the relationship between the MSI2 expres-

sion and the clinicopathological features of eCCA patients, 

78 eCCA patients were classified into low and high MSI2 

expression subgroups according to the immunohistochemi-

cal score. As shown in Table 1, high MSI2 expression was 

positively correlated with lymph node metastasis (P=0.028) 

and advanced TNM stage (P=0.008). In addition, Kaplan–

Meier analyses were performed to evaluate the prognostic 

value of MSI2. The results showed that high MSI2 expres-

sion in patients was associated with a poor OS (13.50±1.13 

vs 42.00±7.47 months, P0.001) and DFS (11.30±1.15 

vs 31.20±6.81 months, P0.001; Figure 2). Moreover, 
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multivariate analyses indicated that high MSI2 expression 

was an independent prognostic factor for OS (HR=1.805, 

95% CI: 1.050–3.105, P=0.033) and DFS (HR=1.845, 95% 

CI: 1.072–3.178, P=0.027) in eCCA patients (Table 2).

Msi2 knockdown inhibited ecca cell 
proliferation and growth
To investigate the effect of MSI2 on eCCA cell growth and 

proliferation, we first analyzed its expression in eCCA cell 

lines. The results revealed that MSI2 expression was dramati-

cally higher in the eCCA cell lines QBC939 and RBE than 

in the normal bile duct epithelial cell HIBEpiC (Figure 1E). 

Therefore, we knocked down MSI2 in the QBC939 cell line 

(Figure 3A) and then performed colony formation assays. As 

shown in Figure 3B and C, MSI2 downregulation inhibited 

eCCA cell growth and colony formation ability. In addi-

tion, CCK-8 assays were performed, which also indicated 

that MSI2 downregulation repressed eCCA cell growth and 

proliferation (Figure 3D). All these results were further 

confirmed in RBE cell line (Figure S1). Taken together, 

these data suggest that MSI2 may regulate the translation of 

proteins that controlled eCCA cell growth.

Msi2 promotes ecca cell migration and 
invasion
To determine the effect of MSI2 on eCCA cell migration 

and invasion, we first performed wound healing assays using 

QBC939 cell line. Compared with the control group, MSI2 

knockdown reduced the ability of eCCA cell to migrate to 

the scratched area (Figure 4A and B). Next, we performed 

Boyden chamber assays. Consistent with the above results, 

MSI2 downregulation decreased the migratory ability of 

eCCA cells. In addition, the chamber assays also demon-

strated that MSI2 downregulation markedly decreased eCCA 

cell invasiveness (Figure 4C and D). These data were further 

confirmed in RBE cell line (Figure S2).

Msi2 downregulation inhibits epithelial–
mesenchymal transition in ecca
EMT, a reversible dynamic process through which epithelial 

cells gain the characteristics of mesenchymal cells, is a well-

known early event of metastasis in malignant tumors.23–25 The 

main features of the EMT process are decreased expression 

of the epithelial marker E-cadherin and increased expression 

of the mesenchymal markers N-cadherin and vimentin.26  

β

β

Figure 1 Msi2 is overexpressed in extrahepatic cholangiocarcinoma.
Notes: (A) qrT-Pcr and (C) Western blot analysis of Msi2 expression in 20 pairs of ecca tissues and matched adjacent normal tissues. (B) representative images of 
Msi2 protein expression in ecca tissues and paired normal tissues from two patients. (D) Representative images of IHC staining for MSI2 with paraffin-embedded sections. 
Magnification 200×. (E) Msi2 expression in human normal biliary epithelial cells (hiBepic) and ecca cell lines (QBc939 and rBe). *P0.05, and **P0.01.
Abbreviations: ecca, extrahepatic cholangiocarcinoma; ihc, immunohistochemistry; qrT-Pcr, quantitative real-time polymerase chain reaction.
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To investigate whether MSI2 promoted eCCA migration and 

invasion by inducing EMT, we first evaluated E-cadherin 

expression in human specimens using immunohistochemistry. 

Consistent with our prediction, E-cadherin expression was 

markedly downregulated in eCCA tissues compared with 

normal bile duct tissue (Figure 5A). Spearman rank cor-

relation test showed that MSI2 expression was negatively 

associated with E-cadherin expression (r=−0.586, P0.001; 

Table 3). We then assessed EMT-related markers expression 

in eCCA cell lines using Western blot assays. As shown in 

Figure 5B and C, MSI2 knockdown increased E-cadherin 

expression and decreased N-cadherin and vimentin expres-

sions. Collectively, our results demonstrated that MSI2 could 

promote eCCA migration and invasion through, at least 

partially, inducing EMT.

Discussion
The MSI2 and MSI1 RNA-binding proteins are classified 

as subgroup of the class A/B heterogeneous nuclear ribonu-

cleoproteins.10 In the N-terminal of the MSI2 protein, there 

are two highly conserved RNA recognition motifs: RRM1 

and RRM2. These motifs bind to a series of target mRNAs 

to regulate posttranscriptional translation. In addition, in the 

C-terminus of this protein, there are auxiliary sequences that 

mediate protein–protein interactions and allow the protein 

Table 1 correlation between Msi2 expression and clinico-
pathologic characteristics of extrahepatic cholangiocarcinoma

Parameter n MSI2 
expression

P-value

Low High

age (years) 0.367
60 27 14 13
60 51 21 30

gender 0.747
Male 43 20 23
Female 35 15 20

Tumor size 0.828
3 cm 57 26 31
3 cm 21 9 12

Tumor location 0.789
Perihilar 50 23 27
Distal 28 12 16

Differentiation 0.506
Well + moderate 62 29 33
Poor 16 6 10

lymph node metastasis 0.028
absent 60 31 29
Present 18 4 14

Perineural invasion 0.100
absent 41 22 19
Present 37 13 24

TnM stage 0.008
i–ii 55 30 25
iii–iV 23 5 18

Abbreviation: TnM, tumor-node-metastasis.

Figure 2 Kaplan–Meier survival analysis of association between Msi2 expression and prognosis of patients with extrahepatic cholangiocarcinoma.
Notes: (A) Patients with high Msi2 expression has a shorter Os compared with patients with low Msi2 expression (n=78, P0.001). (B) Patients with high Msi2 expression 
has shorter DFs compared with patients with low Msi2 expression (n=78, P0.001).
Abbreviations: DFs, disease-free survival; Os, overall survival.
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to both induce and suppress translation.27–29 In recent years, 

the understanding of the biochemical function of the MSI2 

protein structure has increased, and numerous studies have 

reported the essential role of MSI2 in regulating various 

critical biological processes relevant to cancer initiation and 

progression. For example, Bennett et al identified a number of 

MSI2 targets by using transcriptome-wide binding assays. Of 

these identified targets, most were key regulators governing 

Table 2 Univariate and multivariate analysis of factors associated with Os and DFs

Parameter Overall survival Disease-free survival

HR 95% CI P-value HR 95% CI P-value

Univariate analysis
age (60 vs 60 years) 0.914 0.551–1.518 0.729 0.906 0.547–1.502 0.703
gender (male vs female) 0.932 0.572–1.521 0.779 0.935 0.573–1.528 0.789
Tumor size (3 vs 3 cm) 0.949 0.530–1.697 0.859 0.969 0.541–1.737 0.917
Tumor location (perihilar vs distal) 0.795 0.484–1.306 0.365 0.808 0.491–1.332 0.403
Perineural invasion (yes vs no) 1.826 1.115–2.989 0.018 1.802 1.101–2.950 0.019
Differentiation (well/moderate vs poor) 0.827 0.501–1.366 0.458 0.806 0.489–1.327 0.396
TnM stage (iii/iV vs i/ii) 5.130 2.805–9.381 0.001 5.238 2.852–9.622 0.001
lymph node metastasis (yes vs no) 2.064 1.152–3.696 0.015 2.067 1.153–3.705 0.015
Msi2 expression (high vs low) 2.462 1.487–4.074 0.001 2.476 1.494–4.101 0.001

Multivariate analysis
Perineural invasion (yes vs no) 1.460 0.832–2.561 0.187 1.416 0.808–2.484 0.225
TnM stage (iii/iV vs i/ii) 4.464 2.362–8.438 0.001 4.548 2.395–8.637 0.001
lymph node metastasis (yes vs no) 1.064 0.549–2.063 0.853 1.061 0.546–2.062 0.861
Msi2 expression (high vs low) 1.805 1.050–3.105 0.033 1.845 1.072–3.178 0.027

Abbreviations: DFs, disease-free survival; hr, hazard ratio; Os, overall survival; TnM, tumor-node-metastasis.

β

Figure 3 Msi2 knockdown inhibits extrahepatic cholangiocarcinoma cell growth.
Notes: (A) Verification of the efficiency of MSI2-shRNA plasmid in QBC939 cell line. (B) colony formation assays show the effect of Msi2 on QBc939 cell growth and 
colony formation. (C) Quantification of colony formation assays through calculating colony numbers. (D) ccK-8 assay shows the effect of Msi2 on QBc939 cell proliferation. 
**P0.01, and ***P0.001.
Abbreviations: ccK-8, cell counting Kit-8; OD, optical density.
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epithelial cell migration, as well as cell growth and survival.28 

Guo et al concluded that MSI2 expression was markedly 

upregulated in both pancreatic ductal adenocarcinoma speci-

mens and cell lines, and high MSI2 expression predicted poor 

outcomes in patients; thus, it can be used as a biomarker for 

accurate prognosis.30 To determine whether MSI2 is also a 

cancer-related gene in eCCA, we first measured its expression 

levels in human samples. As we predicted, both the mRNA 

and protein expression levels of MSI2 were increased in 

tumor tissues. Moreover, high MSI2 expression levels were 

an independent prognostic factor for decreased OS and DFS 

in patients with eCCA. These data suggested that MSI2 is 

a cancer-related gene participating in eCCA development 

and progression. In addition, as a prognostic biomarker of 

eCCA, MSI2 expression data could be very useful for mak-

ing clinical decisions.

eCCA is an invasive tumor with high mortality due to its 

late clinical presentation and lack of effective nonsurgical 

therapies. However, curative surgery is not suitable for most 

patients owing to the existence of distant dissemination when 

diagnosed. In the present study, we found that high MSI2 

expression in patients was usually associated with lymph 

node metastasis and advanced TNM stage.4,31 Naturally, we 

predicted that MSI2 participated in eCCA migration and 

invasion. Due to its high expression in eCCA tumor cells, 

we knocked MSI2 down by lentivirus transfection. Inter-

estingly, MSI2 knockdown not only inhibited growth but 

also repressed the migration and invasion ability of eCCA 

Figure 4 Msi2 promotes the migration and invasion of extrahepatic cholangiocarcinoma.
Notes: (A) Wound healing assays and (C) the chamber assays were used to determine the effect of Msi2 on the migration and invasion of QBc939 cell. (B) Quantification 
of the wound healing assay was performed by measuring the covered areas of 48 hours compared with the uncovered areas of 0 hour. Magnification 200×. (D) Quantification 
of migrated or invaded cells was performed by calculating the number of cells that pass through the membrane per field. **P0.01, and ***P0.001.
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Figure 5 (Continued)
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cells. Accumulating evidence has demonstrated that EMT, a 

process including gene expression modifications that allow 

concurrent epithelial phenotype repression and mesenchymal 

phenotype activation, is an early event in the distant metasta-

sis of tumor cells.32,33 In addition, the hallmarks and regulators 

of EMT, such as E-cadherin, N-cadherin, SNAIL family 

proteins, TWIST1/2, and ZEB1/2, can be detected in human 

eCCA specimens, and their presence has been correlated with 

poor prognosis.26,34 To explore whether MSI2 promoted the 

invasion and metastasis of eCCA cells by inducing EMT, 
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Table 3 correlations of Msi2 expression with e-cadherin in ecca 
patients

Immunoreactivity MSI2 expression

Low High r-value P-value

e-cadherin expression −0.586 0.001
low 11 38
high 24 5

Abbreviation: ecca, extrahepatic cholangiocarcinoma.

limitations to our study. Though we propose that MSI2 could 

promote eCCA cell migration and invasion, we did not inves-

tigate the entire mechanism in our study. More experiments, 

both in vitro and in vivo, are needed to further determine the 

roles of MSI2 in the development and metastasis of eCCA.

Our study demonstrates, for the first time, that high MSI2 

expression is an independent factor for poor prognosis in 

patients with eCCA. High MSI2 expression levels promote 

the growth and invasion of eCCA, whereas MSI2 down-

regulation represses the invasion and metastasis of eCCA 

through inhibiting EMT.
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Msi2 knockdown represses ecca growth and invasion by inhibiting eMT

Table S1 Differential expression of Msi2 in ecca tissues and corresponding paracarcinoma tissues (n=78)

Tissue MSI2 expression P-value

Low (%) High (%)

carcinoma tissues 35 (44.9) 43 (55.1) 0.001
Paracarcinoma tissues 57 (73.1) 21 (26.9)

Abbreviation: ecca, extrahepatic cholangiocarcinoma.

Supplementary materials

Figure S1 Msi2 promotes extrahepatic cholangiocarcinoma cell growth.
Notes: (A) Verification of the efficiency of MSI2-shRNA plasmid in RBE cell line. (B) colony formation assays show the effect of Msi2 on rBe cell growth and colony 
formation. (C) Quantification of colony formation assays through calculating colony numbers. (D) ccK-8 assay shows the effect of Msi2 on rBe cell proliferation. **P0.01, 
and ***P0.001.
Abbreviation: ccK-8, cell counting Kit-8.
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Figure S2 Msi2 promotes the migration and invasion of extrahepatic cholangiocarcinoma.
Notes: (A) Wound healing assays and (C) the chamber assays were used to determine the effect of MSI2 on RBE cells’ migration and invasion. Magnification 200×. 
(B) Quantification of the wound healing assay was performed by measuring the covered areas for 48 hours compared with the uncovered areas of 0 hours. (D) Quantification 
of migrated or invaded cells was performed by calculating the number of cells that pass through the membrane per field. *P0.05, and **P0.01.
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