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Abstract

Objective: To investigate whether protein regulator of cytokinesis 1 (PRC1), which is involved in

the regulation of human carcinogenesis, contributes to poor prognosis in patients with cholan-

giocarcinoma (CCA).

Methods: Data and tissues from patients with CCA were retrospectively studied.

Immunohistochemical staining and western blotting were used to evaluate and contrast the

PRC1 expression profile at the protein level in CCA tumour and pericarcinomatous tissues

from the same study population. Relationships between clinical characteristics and patient sur-

vival were observed using univariate and multivariate analyses. Correlations between PRC1

expression and clinical characteristics were analysed by logistic regression.

Results: A total of 45 patients were included. PRC1 expression was found to be upregulated in

CCA cancer tissues versus pericarcinomatous tissues. Overexpression of PRC1 was shown to be

related to tumour differentiation, tumour node metastasis staging and lymph node metastasis,

and was also revealed to be an independent marker of poor CCA prognosis.

Conclusions: The present results suggest that PRC1 may be a prognostic and therapeutic

biomarker for patients with CCA.
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Introduction

Cholangiocarcinoma (CCA) is a heteroge-

neous hepatobiliary malignancy arising

from bile duct epithelial cells.1 The overall

prevalence of CCA has increased progres-

sively over the past 40 years, and CCA has

become the second most common hepatic

malignancy after hepatocellular carcinoma

(HCC).2,3 CCAs are epithelial tumours with

markers of biliary cell differentiation, and

according to their anatomical location,

CCAs are classified into three subtypes,

including intrahepatic, perihilar and

distal.4 There are many clinical methods

for early cancer diagnosis, however, the

low specificity of tumour markers in diag-

nosing early stage CCA, and the diversity of

clinical CCA, makes diagnosis difficult and

results in poor prognosis in patients with

CCA.5,6

Several studies have shown that gene and

protein changes are associated with the

development of CCA. For example, down-

regulation of protein tyrosine phosphatase

non-receptor 3 (PTPN3) is significantly

related to the occurrence and prognosis of

CCA, and upregulation of PTPN3 has been

shown to inhibit the proliferation of CCA

cells via inhibition of phosphoinositide

3-kinase/AKT serine/threonine kinase 1

signalling.7 The endocannabinoid ananda-

mide has been shown to exert an anti-

proliferative effect on HCC through a

cannabinoid G-protein coupled receptor,

and by stabilizing lipid rafts.8 In addition,

lncRNA- maternally expressed gene 3

(MEG3) inhibits cell proliferation and inva-

sion by modulating B lymphoma Mo-MLV

insertion region 1/RING finger protein 2

(Bmi1/RNF2) in CCA.9 Difficulty sur-

rounding diagnosis and treatment of

CCA has been increased by the

molecular and genetic heterogeneity of

these tumours.

Protein regulator of cytokinesis 1 (PRC1)
is abnormally expressed in a variety of
tumours, such as prostate cancer, liver
cancer and breast cancer.10–13 Chen et al.13

determined that PRC1 is a new Wnt target,
which can enhance Wnt signalling through
positive feedback, thereby promoting the
recurrence of early liver cancer, and Lou
et al.10 found that aberrant PRC1 expres-
sion may predict biochemical recurrence in
men with prostate cancer. In the study by
Shimo et al.,12 PRC1 was also found to be
involved in the occurrence and progression
of breast cancer, and plays a role by affect-
ing the cell cycle. However, its role in chol-
angiocarcinoma remains unclear.

Transcriptome analysis is the analysis of
a collection of all transcripts in a cell. Next-
generation sequencing can provide a more
accurate digital signal, higher detection
throughput and wider range of detection
versus microarray technology, and may
reduce the complexity of diagnosis to
some extent.14 Previous analysis of the
GSE76297 and GSE26566 datasets using
bioinformatics has revealed that the PRC1
protein is likely to be a causative factor in
CCA.15,16 To examine the potential role of
PRC1 in the metastasis of CCA, patient
databases have been examined, and analysis
of survival in relation to PRC1 in CCA
using The Cancer Genome Atlas (TCGA)
database has revealed that PRC1 expres-
sion is negatively correlated with survival
time in patients with CCA.16,17 PRC1 pro-
teins are the key regulators of cell division
and play a vital role in cytokinesis.
Moreover, PRC1 has been shown to act
as both a tumour suppressor and onco-
gene.15 However, the role of PRC1 protein
CCA remains unknown. The aim of the
present study was to analyse changes in
PRC1 protein levels in CCA, and to explore
the relationship between PRC1 and prog-
nosis in patients with CCA.
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Patients and methods

Study population

This retrospective observational study
included consecutive patients who were
diagnosed with CCA and underwent sur-
gery at the Qingpu Branch of Zhongshan
Hospital, Fudan University, between June
2019 and October 2019. The Qingpu
Branch of Zhongshan Hospital database,
that accrued information on all patients
who underwent treatment for CCA at the
hospital, was used to screen and extract
patient data. All patients with a follow-up
of more than 6 months were included in the
study. Clinical variables were studied from
patient medical records including sex, age,
carbohydrate antigen 19-9 (CA 19-9), c-glu-
tamyl transferase (c-GGT), alkaline phos-
phatase (ALP), number, size and
differentiation of the tumour, tumour
node metastasis (TNM) stage, lymph node
metastasis, and tissue PRC1 levels.

Levels of serum CA 19-9 were defined as
more or less than 37 ng/ml (normal CA 19-9
range, 0–37 ng/ml). Levels of serum c-GGT
were defined as more or less than 50U/
l (normal c-GGT range, 0–50U/l).
Tumour number was described as single or
multiple. The dividing line of the tumour
size was 5 cm, and the degree of tumour dif-
ferentiation was categorized into three
grades, comprising well, moderate and
poor. The TNM stage was classified as
stage I–II and stage III–IV, and lymph
node metastasis was determined as either
positive or negative. PRC1 expression in
tumour versus pericarcinomatous tissue
was determined as positive or negative and
high or low levels. The follow-up period was
obtained from the date of diagnosis and the
time of the last clinical visit or death.

The research protocol was reviewed and
approved by the Ethics Committee and
Institutional Review Board of the Qingpu
Branch of Zhongshan Hospital, Fudan

University, and written informed consent
for study inclusion and publication was
obtained from each patient included in the
study.

Immunohistochemistry

Archived tissue samples from all included
patients, that were collected during biopsy
or surgical treatment, were retrospectively
analysed for this study. With imaging assis-
tance, the stump of the hepatic bile duct
and surrounding soft tissue without residu-
al cancer cells was surgically removed. If
cancer cells were still found in the stump
of the bile duct, surgery could only be
used as a palliative resection. The CCA
tumour samples were fixed in 4% polysor-
bate solution for 48 h. The fixed samples
were dehydrated step by step using increas-
ing concentrations of ethanol, embedded in
paraffin wax using standard techniques,
and sliced to produce 4–7 mm tissue sec-
tions. After dewaxing with xylene and
hydration with decreasing concentrations
of ethanol, antigen retrieval was performed
under high pressure in sodium citrate buffer
solution for 20–30 min. Non-specific bind-
ing was blocked using bovine serum albu-
min (BSA) then the samples were incubated
with mouse anti-human PRC1 primary
antibody (1: 500 dilution; ab119338;
Abcam, Cambridge, MA, USA) for 12
h at 4�C. Slides were washed three times
with phosphate buffered saline (PBS), then
incubated with horseradish peroxidase-
conjugated goat anti-mouse secondary anti-
body (1: 1000 dilution; ab205719; Abcam)
for 30 min at room temperature. After
washing with PBS three times, the slide
was observed and photographed under
microscopy using the streptavidin-biotin
complex method. Analysis of positively
stained areas was performed using Image
J software (National Institutes of Health).
To differentiate between low and high
PRC1 expression levels, values of 0–1.3
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represented low PRC1 levels and 1.3–2.7

represented high PRC1 levels.

Western blot analysis

Archived tumour and pericarcinomatous

tissues from all patients were collected and

cut into fragments on ice. Lysis buffer (150–

250 ll) was then added per 20 mg of tissue,

and the fragments were ground using a

homogenizer to aid lysis. The lysed sample

was centrifuged at 12 000 g for 15 min at

4�C, and the supernatant was collected for

protein quantification using the BCA

method. Samples were stored at –80�C
prior to use. Protein samples (30 mg) with

loading buffer were then added into each

well of a polyacrylamide gel to separate

the proteins using sodium dodecyl

sulphate-polyacrylamide gel electrophoresis

that was run at 80 mV for 2 h. Separated

proteins were then transferred to PVDF

membranes. Membranes were blocked

with 5% BSA for 30 min, followed by incu-

bation with mouse anti-human PRC1 pri-

mary antibody (1: 500 dilution; ab119338;

Abcam) or anti-glyceraldehyde-3-

phosphate dehydrogenase (GAPDH; 1:

500 dilution; ab9484; Abcam) as the inter-

nal control, overnight at 4�C. After washing

with PBS, membranes were incubated with

horseradish peroxidase-conjugated goat

anti-mouse secondary antibody (1: 1 000

dilution; ab205719; Abcam) for 30 min at

room temperature. Membranes were again

washed with PBS and immunoreactive

signal was visualised using DAB colour

developing solution. Membranes were pho-

tographed and positive staining was ana-

lysed using Image J software. PRC1

protein level below 0.6 was considered to

be low expression level, and levels 0.6–1.0

were considered to represent high expres-

sion level.

Statistical Analyses

GraphPad Prism 6 software (GraphPad, La

Jolla, CA, USA) was used for statistical

analyses and data are presented as mean-

� SD. Independent samples t-test was

used to analyse normally distributed data.

Mann–Whitney U-test was used to compare

data that were not normally distributed.

Categorical data were analysed by v2-test.
Patient survival was analysed using the

Kaplan-Meier method and Cox regression.

Univariate analysis was used to reveal sta-

tistically significant variables (defined as

P< 0.05) that were then included in multi-

variable analysis; variables that were not

statistically significant in univariate analysis

were also included in the multivariable

analysis. For identification of prognostic

factors, hazard ratio (HR), 95% confidence

intervals (CI), and P values were obtained.

A P value< 0.05 was considered statistical-

ly significant. Assays were performed at

least three times independently.

Results

A total of 53 consecutive patients with CCA

underwent surgery between June 2019 and

October 2019. After medical database

screening, a total of 45 patients had

follow-up data for more than 6 months

and were included for analysis. All patients

were free of liver fluke.

Clinical and demographic characteristics

of the patients

Characteristics of 45 patients (23 male, 22

female) diagnosed with CCA between June

2019 and October 2019 are summarized in

Table 1. There were no statistically signifi-

cant differences between male and female

subgroups in any of the demographic or

clinical characteristics presented. Most

patients with CCA (18 males and 17

females) showed moderate tumour
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differentiation (Table 1). Most patients
were TNM stage I–II (69.6% of males and
72.7% of females). All patients were posi-
tive for lymph node metastasis and PRC1 in
tumour tissue.

Immunohistochemical analysis of PRC1
expression

Expression of PRC1 in tumour and pericar-
cinomatous tissue from the 45 patients was
examined by analysis of PRC1 proteins
using immunohistochemistry (Figure 1).
Low levels of PRC1 expression were
observed in the cytoplasm of cells from
normal control pericarcinomatous tissue
(Figure 1a). Cancer tissues were found to
be positive for PRC1 (Figure 1b–1d), and
PRC1 expression was found to be signifi-
cantly higher in cancer tissue than control
tissue (P< 0.05; data not shown).

This suggests that PRC1 may be closely
related to the occurrence of CCA.
Moreover, patients with CCA with high
levels of PRC1 expression exhibited signifi-
cantly shorter overall survival (P< 0.0001;
Figure 1e) than patients with low PRC1
expression. The results suggest that highly
expressed PRC1 and its related pathways
may be involved in the pathogenesis of
CCA.

Western blot analysis of PRC1 expression

To investigate whether levels of PRC1 pro-
tein were altered in CCA, PRC1 levels in
CCA tumour tissues and pericarcinomatous
tissues from patients with CCA were ana-
lysed by western blot (Figure 2).
Quantification of protein levels showed
that PRC1 was expressed in both pericarci-
nomatous and tumour tissues, and levels of

Table 1. Summary of baseline demographic and clinical characteristics of all patients with cholangiocarci-
noma included in the study.

Characteristic Study subgroup

Sex Male (n¼ 23) Female (n¼ 22)

Age, years 58.5� 2.8 57.7� 3.1

Aged>58 years 12 (52.17) 11 (50)

Aged �58 years 11 (47.83) 11 (50)

CA 19-9, ng/ml 52.2� 3.6 51.8� 4.2

c-GGT, U/l 46.8� 2.2 47.1� 2.7

ALP, U/l 119.9� 14.5 121.1� 15.8

Tumour number 2.5� 0.8 2.8� 0.7

Tumour size, cm 4.4� 0.9 4.6� 0.7

Tumour differentiation, degree

Well 2 (8.69) 3 (13.64)

Moderate 18 (78.27) 17 (77.27)

Poor 3 (13.04) 2 (9.09)

TNM stage, I–IV

I–II 16 (69.6) 16 (72.7)

III–IV 7 (30.4) 6 (27.3)

Lymph node metastasis

Positive 23 (100) 22 (100)

Negative 0 0

Data presented as n (%) prevalence or mean� SD.

CA 19-9, carbohydrate antigen 19-9; c-GGT, c- Glutamyl transferase; ALP, alkaline phosphatase; TNM, tumour node

metastasis.
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PRC1 protein were significantly higher in

CCA tumour tissues (P< 0.01).

Univariate analysis of the relationship

between clinical characteristics and

patient survival

Univariate analysis of the association

between demographic/clinical variables

and patient survival revealed that higher

PRC1 levels were associated with lower sur-

vival duration in the population of patients

with CCA (P< 0.05; Table 2). No other

factors were found to be significantly asso-

ciated with survival in the univariate

analysis.

Multivariate analysis of the relationship

between clinical characteristics and

patient survival

Multivariate analysis confirmed that poor

tumour differentiation, high TNM stage

and high levels of PRC1 expression were

associated with poor prognosis in the pop-

ulation of patients with CCA (P< 0.05;

Table 3). No other factors were

Figure 1. Expression of protein regulator of cytokinesis 1 (PRC1) in tumour and pericarcinomatous tissue
from patients with cholangiocarcinoma (CCA), showing: (a) representative photomicrograph of low positive
cytoplasmic PRC1 immunosignal in pericarcinomatous tissue (normal control); (b–d) representative pho-
tomicrographs of positive cytoplasmic PRC1 immunosignal in tumour tissues; and (e) plot showing overall
survival in patients with CCA and high (relative level, 1.3–2.7) or low PRC1 expression (relative level, 0–1.3).
Original magnification,� 200.

Figure 2. Expression of protein regulator of
cytokinesis 1 (PRC1) in tumour and pericarcinom-
atous tissue from 45 patients with cholangiocarci-
noma, assayed in triplicate by western blot. PRC1
protein densitometric values were normalised to
GAPDH internal control: (a) representative west-
ern blot panels showing PRC1 levels in tumour (N)
and pericarcinomatous (P) tissues and comparable
GAPDH reference levels among all samples; and (b)
relative quantification of PRC1 levels in tumour (N)
versus pericarcinomatous (P) tissues (normalised
to GAPDH). **P< 0.01 versus pericarcinomatous
tissues (Independent samples t-test).
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independently prognostic in the multivari-

able analysis.

Logistic regression analysis of correlations

between PRC1 expression and clinical

characteristics

Logistic regression was used to analyse the
correlation between PRC1 expression and

clinical characteristics in patients with

CCA (Table 4). Serum CA 19-9 concentra-
tion �37 ng/ml and c-GGT was correlated

with high levels of PRC1 expression

(P< 0.0001). Additionally, regardless of
whether the primary tumour site was a

single tumour or multiple tumours, and
whether the tumour was large or small,
these characteristics were all related to
PRC1 (P< 0.05). The lower the degree of
tumour differentiation, the higher the
expression of PRC1 (P< 0.05), i.e. out of
patients with high levels of PRC1, most
had moderate or poorly differentiated
tumours, and in those with poorly differen-
tiated tumours, 80% showed high PRC1
expression levels. High levels of PRC1
expression occurred significantly more fre-
quently in patients with CCA with TNM
stage III–IV, than in those with TNM
stage I–II. These findings suggest that

Table 2. Univariate analysis of the relationship between demographic and clinical variables and patient
survival.

Variable

Overall survival

Hazard Ratio Statistical significance

Sex (male versus female) 0.99 NS

Age (>58 versus �58 years) 1.01 NS

CA 19-9 (>37 versus �37 ng/ml) 1.03 NS

c-GGT (>50 versus �50 U/l) 1.01 NS

Tumour number (multiple versus single) 1.49 NS

Tumour size (>5 versus �5 cm) 2.95 NS

Tumour differentiation (well versus moderate versus poor) 2.58 NS

TNM stage (III–IV versus I–II) 1.33 NS

Lymph node metastasis (yes or no) 1.53 NS

PRC1 in tumour tissue (low or high) 0.55 P¼ 0.018

CA 19-9, carbohydrate antigen 19-9; c-GGT, c- Glutamyl transferase; TNM, tumour node metastasis; PRC1, protein

regulator of cytokinesis 1.

NS, no statistically significant association (P> 0.05).

Table 3. Multivariate analysis of the association between clinical variables and patient survival.

Variable HR (95% CI) Statistical significance

Tumour number (multiple versus single) 2.03 (0.83, 2.57) NS

Tumour size (>5 versus �5 cm) 1.98 (1.13, 2.74) NS

Tumour differentiation (well versus moderate versus poor) 2.58 (1.93, 3.64) P¼ 0.042

TNM stage (III–IV versus I–II) 3.21 (2.67, 4.26) P¼ 0.029

Lymph node metastasis (yes or no) 2.24 (1.43, 3.27) NS

PRC1 in tumour tissue (high or low) 0.27 (1.58, 4.74) P¼ 0.016

TNM, tumour node metastasis; PRC1, protein regulator of cytokinesis 1; HR, hazard ratio; CI, confidence interval.

NS, no statistically significant association (P> 0.05).
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PRC1 correlates with clinical characteristics

and may be involved in the occurrence and

deterioration of patients with CCA.

Discussion

Cholangiocarcinoma is a highly malignant

primary liver tumour with strong genetic

heterogeneity, however, current under-

standing of the pathogenesis of CCA is

not comprehensive and key drivers involved

in CCA carcinogenesis still need to be

defined.17 Previously published bioinfor-

matics analyses of the GSE76297 and

GSE26566 datasets suggest that the PRC1

protein may be involved in CCA pathogen-

esis. Further analysis of survival informa-

tion regarding PRC1 protein in CCA,

using the TCGA database, showed a nega-

tive correlation between PRC1 expression

Table 4. Association between PRC1 levels and clinical characteristics in 45 patients with
cholangiocarcinoma

Expression of PRC1 in tumour tissue

Characteristic Low High Statistical significance

Patients (n¼ 45) 32 13 P< 0.0001

Sex

Male (n¼ 23) 16 7 P< 0.05

Female (n¼ 22) 16 6 P< 0.05

Age

>58 years 18 5 P< 0.001

�58 years 14 8 P< 0.05

CA 19-9 (ng/ml)

�37 28 10 P< 0.05

>37 4 3 NS

c-GGT (U/l)

�50 30 11 P< 0.05

>50 2 2 NS

Tumour number

Single 31 1 P< 0.0001

Multiple 1 12 P< 0.0001

Tumour size (cm)

�5 29 2 P< 0.001

>5 3 11 P< 0.05

Tumour differentiation (degree)

Well differentiated 2 3 NS

Moderate differentiated 29 6 P< 0.001

Poor differentiated 1 4 P< 0.05

TNM stage (I–IV)

I–II (n¼ 32) 26 6 P< 0.001

III–IV (n¼ 13) 6 7 NS

Lymph node metastasis

Positive 32 13 P< 0.005

Negative 0 0 NS

Data presented as n prevalence.

CA 19-9, carbohydrate antigen 19-9; c-GGT, c- glutamyl transferase; PRC1, protein regulator of cytokinesis 1.

NS, no statistically significant correlation (P> 0.05).
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and survival time.17,18 In the present study,
PRC1 expression was analysed at the pro-
tein level to investigate its association with
prognosis in patients with CCA. Using
immunohistochemistry, western blot and
correlation analysis, a very high correlation
was observed between PRC1 levels and the
prognosis of patients with CCA.

Immunohistochemical analysis of
tumour tissues from patients with CCA
showed significantly increased PRC1 levels
in tumour tissue compared with pericarci-
nomatous tissue. In addition, western blot
results further indicated that tumour tissues
expressed higher levels of PRC1 in patients
with CCA. PRC1 has been described as a
tumour suppressor and oncogene, and
research has shown abnormal expression
of PRC1 in cancer. For instance, Obama
et al.18 established a gene-expression profile
for patients with CCA and found that
PRC1 was upregulated in tumour tissues
compared with noncancerous tissues. Tang
et al.19 showed the important biological sig-
nificance of PRC1 in tumour pathogenesis
and prognosis of patients with non-small
cell lung cancer.

Importantly, univariate analysis of the
relationship between patient survival and
PRC1, CA 19-9, tumour size, and tumour
number, revealed that only high expression
of PRC1 was significantly associated with
patient survival. This suggests that PRC1
may be a biomarker of CCA pathogenicity
and survival. To the best of the authors’
knowledge, the present data are the first
to report a potential relationship between
PRC1 and survival of patients with CCA,
and these results may support the develop-
ment of new guidance for CCA prognosis.

Another important finding of the present
study was that tumour differentiation and
TNM stage showed no significant associa-
tion with patient survival in univariate anal-
ysis, while multivariate analysis revealed the
opposite results. The correlation between
PRC1 and patient survival remained

statistically significant following multivari-
ate analysis, which further supports a
potential role of PRC1 in CCA progression.
In recent years, symptoms, liver function
tests and imaging results have been used
as a means of diagnosing CCA in the
clinic.20–22 With the development of high-
throughput sequencing and other technolo-
gies, more and more molecular diagnostic
technologies, such as genomics, proteomics,
gene sequencing, have gradually made up
for previous diagnostic techniques in che-
motherapy.23 Candidate diagnostic bio-
markers of CCA, such as PRC1, may
inspire further research into CCA.

To date, no published studies have
reported the significance of an association
between clinical characteristics and PRC1
expression in patients with CCA. Unlike
its association with serum hormone levels
or tumour stage, the role of PRC1 in
cancer has been previously reported. For
example, PRC1 has been shown to be over-
expressed in different cancers, such as blad-
der cancer, breast cancer, hepatocellular
carcinoma, and pancreatic cancer. PRC1
was significantly inhibited by siRNA, and
siRNA inhibition of PRC1 also reduced the
proliferation of breast and bladder cancer
cells. PRC1 overexpression has been shown
to contribute to gastric cancer progression,
and can be targeted by piperlongumine via
a p53-independent mechanism.12,24–27 The
present research indicated that the average
level of PRC1 was elevated in cancer tissues
of patients with CCA, and was significantly
associated with multiple clinical character-
istics. The results suggest that PRC1 levels
in cancer tissues of patients with CCA may
be an indicator of CCA progression and
prognosis.

To the best of the authors’ knowledge,
the present study is the first to propose a
potential association between PRC1 and
prognosis in patients with CCA. However,
the results may be limited by the relatively
small sample size and the single-centre
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research setting. In addition, no further

research has been done on the relevant

mechanism, and no animal model experi-

ments have been conducted to verify the

results. Further research is required to val-

idate the results of the present study, and

the authors plan to conduct relevant

research in their next study.

Conclusions

In summary, PRC1 expression was deter-

mined in conjunction with prognosis in

patients with CCA. The results provide a

basis for the concept that overexpression

of PRC1 in human CCA may be important

in progression and poor prognosis.

Moreover, elevated PRC1 expression may

have clinical statistical significance in

terms of clinical characteristics in patients

with CCA, suggesting that PRC1 may serve

as an oncogene and potential therapeutic

biomarker for CCA.
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