
Hepatobiliary & Pancreatic Diseases International 18 (2019) 446–451 

Contents lists available at ScienceDirect 

Hepatobiliary & Pancreatic Diseases International 

journal homepage: www.elsevier.com/locate/hbpd 

Original Article/Liver 

Retinoblastoma binding protein 4 up-regulation is correlated with 

hepatic metastasis and poor prognosis in colon cancer patients 

Yan-Dong Li a , Zhen Lv 

b , Hai-Yang Xie 

b , Shu-Sen Zheng 

b , ∗

a Division of Colon & Rectal Surgery, First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310 0 03, China 
b Department of Hepatobiliary and Pancreatic Surgery, First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310 0 03, China 

a r t i c l e i n f o 

Article history: 

Received 25 June 2019 

Accepted 20 August 2019 

Available online 24 August 2019 

Keywords: 

Retinoblastoma binding protein 4 

Colon cancer 

Hepatic metastasis 

a b s t r a c t 

Background: Retinoblastoma binding protein 4 (RBBP4) plays an essential role in the development of mul- 

tiple cancers. However, its relationship with prognosis in colon cancer and colon cancer hepatic metas- 

tasis has not been elucidated. The aim of this study was to explore the relationship between RBBP4 

expression and prognosis of colon cancer patients and to evaluate RBBP4 as a new prognostic marker in 

these patients. 

Methods: Eighty colon cancer patients underwent surgical resection of the colon were enrolled. Among 

them, forty colon cancer patients suffered with hepatic metastasis. The colon cancer tissues, para-colon 

cancer tissues, and hepatic metastatic cancer tissues were collected from the pathological department for 

further analysis. The expression of RBBP4 proteins was examined by immunohistochemistry and corre- 

lated with clinicopathological parameters. The Cancer Genome Atlas (TCGA) database was used to validate 

the expression and explore its relationship with clinical characteristics. 

Results: RBBP4 was up-regulated in the colon cancer tissues compared with the para-colon cancer tis- 

sues. The analysis of TCGA database verified the upregulation of RBBP4 in the colon cancer tissues and 

RBBP4 overexpression was correlated with nerve invasion and poor outcomes of chemotherapy. Moreover, 

the positive rate of RBBP4 expression in 40 colon cancer patients with hepatic metastasis was higher in 

the hepatic metastatic cancer tissues (39/40, 97.5%) than in the colon cancer tissues (26/40, 65.0%). Our 

clinicopathological analysis showed that RBBP4 expression was significantly correlated with vascular in- 

vasion, hepatic metastasis, and lymph node involvement (all P < 0.05). Additionally, the survival analysis 

demonstrated that RBBP4 over-expression was correlated with poor prognosis. 

Conclusions: RBBP4 was upregulated in the colon cancer. RBBP4 may be a novel predictor for poor prog- 

nosis of colon cancer and colon cancer hepatic metastasis. 

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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Introduction 

Colon cancer is one of the most common leading causes of

cancer-related deaths worldwide. Hepatic metastasis is the main

reason of colon cancer caused death, and 5-year overall survival

remains poor (only 25%–40%). According to the WHO mortality

database, almost half of colon cancer patients were companied

with hepatic metastasis [1,2] . Despite the progression of treatment

strategies, including systemic chemotherapy and targeted thera-

pies, hepatectomy is still the most effective and potentially cu-

rative method for colon cancer patients with hepatic metastasis,

which has the best tumor response rates and overall survival [3,4] .

The documentations show that many colon cancer patients with
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iver metastasis who underwent surgery eventually died, which in-

icated that surgery alone is not enough in many colon cancer pa-

ients with hepatic metastasis [5–7] . Therefore, it is essential to

nvestigate the biological mechanism of liver metastasis of colon

ancer and find the new therapeutic strategies. Early detection and

reatment of colon cancer hepatic metastasis is useful for prolong-

ng patient’s survival. There is an urgent need to identify molecules

hat are correlated with the metastasis of colon cancer to the liver

nd to explore the potential therapeutic targets for these patients. 

Retinoblastoma binding protein 4 (RBBP4), initially defined

or its capability to bind to a putative functional domain of

etinoblastoma protein Rb [8,9] , is a member of several histone

eacetylase (HDAC) complexes involved in chromatin remodel-

ng, such as the nucleosome remodeling and deacetylation (NuRD)

omplex [10] , the Sin3 complex [11] , and the chromatin assem-

ly factor 1 (CAF-1) complex [12] . RBBP4 has been reported to be
a. Published by Elsevier B.V. All rights reserved. 
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nvolved in the development of several cancers. RBBP4 is strongly

verexpressed in human thyroid cancer, and is a target of nu-

lear factor-kappa B activity in thyroid cancer [13] . When RBBP4

s transfected into breast cancer cells, it regulates cellular mor-

hology and cytoskeletal organization by increasing K-Ras activity

nd signaling through MAPK [14] . However, only one study showed

hat RBBP4 may be a biomarker of colorectal cancer [15] . The

resent study aimed to explore the relationship between RBBP4

xpression and clinicopathological features of colon cancer, and to

valuate whether RBBP4 is a new prognostic marker in colon can-

er patients with or without hepatic metastasis. 

ethods 

A total of 80 colon cancer patients underwent surgical resection

n the Department of Colon & Rectal Surgery, the First Affiliated

ospital, Zhejiang University School of Medicine from January 1,

009 to December 31, 2014 were enrolled. The study protocol was

pproved by the Institutional Ethics Committee of the hospital. 

Patients were enrolled, if: (1) age greater than or equal to

8 years; (2) For colon cancer patients with hepatic metasta-

is, the synchronous metastasis confined to the liver as assessed

y preoperative radiological imaging assessment and confirmed

y surgery at the time of initial diagnosis; (3) For colon can-

er patients without hepatic metastasis, the primary colon tu-

or was verified by preoperative radiological imaging assess-

ent, confined to colon without adjacent and distant tissue in-

asion, and confirmed by surgery at the time of initial diag-

osis; (4) No other chronic diseases, including severe diabetes,

ypertension, coronary artery disease, and chronic pulmonary

isease. 

The colon cancer tissues, para-colon cancer tissues and hep-

tic metastatic cancer tissues were collected from the pathologi-

al department for further analysis. Sections were reviewed by two

xperienced pathologists. The locations of tumors and distant

etastases were determined by computerized tomography (CT),

agnetic resonance imaging (MRI), and colonoscopy. All the pa-

ients were followed up every three months with a total follow-up

f 60 months. 

mmunohistochemistry 

The selected specimen of colon cancer, para-colon cancer and

epatic metastatic cancer tissues were fixed in 10% neutral-

uffered formalin and embedded with paraffin. After being cut,

ewaxed and rehydrated, 5 μm sections were subjected to anti-

en retrieval. The endogenous peroxidase activity was blocked

ith H 2 O 2 , and the tissue sections were incubated with the pri-

ary antibody (1:100 diluted) against RBBP4 overnight at 4 °C.

he streptavidin-biotin peroxidase complex method was used (Lab

ision, Fremont, CA, USA). The prepared slides were examined

y two experienced pathologists, and were analyzed and pho-

ographed using a BX-60 Olympus microscope attached to a digital

amera (Olympus, Tokyo, Japan). Sections stained positively were

ncubated in each batch, while the negative controls were prepared

y replacing the primary antibody with preimmune serum. 

The RBBP4 expression was evaluated by staining intensity and

he percentage of positive staining cells using the Image-Pro-

lus (IPP) 6.0 software (MEDIA CYBERNETICS Inc., Maryland, USA).

taining intensity was divided into four grades according to the

PP scores: 0 = no staining of cancer cells, 1 = weak staining,

 = moderate staining, and 3 = strong staining. The percent-

ge of positive cells was scored as follows: 0 = 0%, 1 = 1%–25%,

 = 26%–50%, and 3 = > 50%. The formula was adopted for deter-

ining RBBP4 staining positivity: overall score = positive percent-

ge score × intensity score. A score of 0 was defined as “0”, 1–2 as
1”, 3–6 as “2”, and 7–9 as “3”. Tumor samples with level 0 or 1

ere defined as negative for expression, whereas level 2 or 3 de-

ned as positive [12] . 

estern blot 

The colon cancer tissues and para-colon cancer tissues were

ysed in RIPA lysis buffer with 1 mmol/L PMSF (Beyotime, Shang-

ai, China) for 1 h in ice. Sample proteins were quantified using a

ierce BCA protein assay (Thermo Scientific, Waltham, MA, USA).

qual amounts of proteins were separated by SDS-PAGE, trans-

erred to PVDF membranes, and probed with the antibody of inter-

st. The primary antibody RBBP4 and GAPDH (Abcam, Cambridge,

A, USA) concentration was 1:10 0 0, and the corresponding sec-

ndary antibody (Abcam) concentration was 1:20 0 0. 

uantitative real-time PCR (qRT-PCR) 

Total RNA was extracted using the TRIZOL reagent (Invitrogen,

arlsbad, CA, USA) according to manufacturer’s instructions. Total

NA (0.5 μg) was reversed to cDNA. SYBR Green PCR Master mix

Takara, Dalian, China) was used to determine the mRNA level of

BBP4. All reactions were performed in triplicate. The relative ex-

ression of RBBP4 was respectively normalized to the internal ref-

rence GAPDH. Data were analyzed using the 2 ��Ct method. The

rimers used in the study were as follows: GAPDH forward primer:

 

′ -ATG GGG AAG GTG AAG GTC G-3 ′ , GAPDH reverse primer: GGG

TC ATT GAT GGC AAC AAT A; RBBP4 forward primer: GCT ATG

GC TTT CTT GGA, RBBP4 reverse primer: CAC AGG CAG ATG GTA

GG. 

he cancer genome atlas analysis 

The cancer genome atlas (TCGA) database ( http://gdc-portal.nci.

ih.gov/ ) were used to validate the expression of RBBP4 in colon

ancer. TCGA-COAD cohort consisted of 471 primary colon cancers

nd 41 normal samples was downloaded and analyzed. 

tatistical analysis 

The statistical package SPSS version 10.00 (SPSS Inc., Chicago, IL,

SA) was used for statistical analysis. Comparisons between three

roups were analyzed by Kruskal-Wallis test. Chi-square test or

isher’s exact test was used to analyze the correlation between

BBP4 expression and various clinicopathological variables. Sur-

ival curves were drawn with the Kaplan-Meier method and com-

ared with log-rank test. A P value of < 0.05 was considered sta-

istically significant. 

esults 

atient characteristics 

Among the 80 colon cancer patients, 51 patients were male

63.7%) and 29 (36.3%) were female. The median age of the pa-

ients was 58.6 years (range 38–72 years). Of them, 40 patients

eceived colonic resection only, and 40 received colonic and hep-

tic resections because of hepatic metastasis. All the patients did

ot receive radiotherapy, chemotherapy or molecularly targeted

herapy before the surgical resection. Forty-one patients (51.3%)

ad tumor size more than 5 cm in colon. Tumors were located

n the ascending colon in 37 patients (46.3%), in the transverse

n 22 (27.5%), and in the descending colon in 21 (26.2%). Tumor

as well and moderately differentiated in 36 patients (45.0%), and

oorly differentiated in 44 patients (55.0%). The vascular inva-

ion was found in 19 patients (23.8%), lymph node involvement in

http://gdc-portal.nci.nih.gov/


448 Y.-D. Li et al. / Hepatobiliary & Pancreatic Diseases International 18 (2019) 446–451 

A B
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Fig. 1. RBBP4 was up-regulated in the colon cancer tissues. A : Negative and positive staining of RBBP4 in the colon cancer tissues and para-colon cancer tissues by im- 

munohistochemistry (original magnification × 100). RBBP4 was located in the cell nucleus; B : The expression of RBBP4 in the colon cancer tissues (T) and paired para-colon 

cancer tissues (N) performed by qRT-PCR; C : The expression of RBBP4 in the colon cancer tissues (T) and paired para-colon cancer tissues (N) performed by Western blot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 

RBBP4 expression positive samples. 

Samples RBBP4 positive RBBP4 negative P value ∗

Colon cancer tissues ( n = 80) 43 (53.8%) 37 (46.2%) 

Para-colon cancer tissues 

( n = 80) 

11 (13.8%) 69 (86.2%) < 0.01 ∗

Hepatic metastatic cancer 

tissues ( n = 40) 

39 (97.5%) 1 (2.5%) 

Colon cancer tissues of patients 

with hepatic metastasis 

( n = 40) 

26 (65.0%) 14 (35.0%) < 0.01 # 

∗ P value was calculated by Chi-squared test. 
# P value was calculated by Fisher’s Exact test. 

i  

w  

i  

c  

h  

i  

m  

m

R

 

i  

t  

i  
44 patients (55.0%), and hepatic metastasis in 40 patients (50.0%).

Thirty-eight patients (47.5%) had serum CEA level > 5 ng/mL. The

median follow-up of the patients was 34 months (range 12–

60 months). 

RBBP4 protein overexpression in colon cancer 

We first evaluated the expression of RBBP4 in 80 colon cancer

tissues, para-colon cancer tissues, and 40 hepatic metastatic can-

cer tissues using the immunohistochemical staining. Among these

samples, RBBP4 was positive in 43 colon cancer tissues (43/80,

53.70%), but only positive in 11 para-colon cancer tissues (11/80,

13.75%), and the expression of RBBP4 was upregulated in the

colon cancer tissues compared with the para-colon cancer tissues

( Fig. 1 A). 

Then, we randomly selected 30 paired colon cancer tissues and

para-colon cancer tissues from the 80 colon cancer patients to per-

form qRT-PCR, and 10 paired colon cancer tissues and para-colon

cancer tissues to perform Western blot. The qRT-PCR and Western

blot results verified the upregulation of RBBP4 in the colon can-

cer tissues ( Fig. 1 B and C). Above all, in the 40 colon cancer pa-

tients with hepatic metastasis, 39 (39/40, 97.5%) hepatic metastatic

cancer tissues was positive for RBBP4, but only 26 (26/40, 65.0%)

paired colon cancer tissues was positive for RBBP4 ( Table 1 ). How-

ever, in the 26 double positive patients, we did not find the

expression difference of RBBP4 between hepatic metastatic cancer

tissues and paired colon cancer tissues ( Fig. 2 ). 

In addition, we analyzed the data of colon cancer patients from

TCGA database. Our results indicated that RBBP4 was upregulated
n colon cancer tissues ( Fig. 3 A), and up-regulated RBBP4 levels

ere correlated with poor chemotherapy result ( Fig. 3 B) and nerve

nvasion ( Fig. 3 C). These results suggested a vital role of RBBP4 in

olon cancer. And the ratio of positive expression of RBBP4 in the

epatic metastatic cancer tissues was significantly more than that

n the paired colon cancer tissues, which suggested that RBBP4

ight play an important role in predicting the colon cancer liver

etastasis. 

BBP4 is associated with clinicopathological parameters 

Table 2 showed the distribution of RBBP4 expression level

n 80 primary colon cancer patients and the relationship be-

ween RBBP4 expression level and clinicopathological character-

stics, including age, sex, vascular invasion, primary colon tumor
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Fig. 2. RBBP4 was positive expression in the hepatic metastasis cancer tissues. The expression of RBBP4 is significantly higher in the hepatic metastasis cancer tissues than 

that of in the para-colon cancer tissues, but no difference between the colon cancer tissues and paired hepatic metastatic cancer tissues (original magnification × 100). 

A B C
Fig. 3. The bioinformatic analysis of data from TCGA database. A : Bioinformatics analysis of RBBP4 expression in TCGA COAD (colon cancer) database; B : The relationship 

between RBBP4 expression and chemotherapy results. ∗∗: P < 0.01, vs complete remission; C : The relationship between RBBP4 expression and nerve invasion. ∗∗: P < 0.01, 

vs without nerve invasion. FPKM: fragments Kilobase of exon model per millon mapped reads; TCGA: The Cancer Genome Atlas; RBBP4: retinoblastoma binding protein 4. 
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Fig. 4. Kaplan-Meier survival curves of 80 colon cancer patients, grouped by RBBP4 

expression. The survival rate for patients with in the RBBP4 negative group ( n = 37) 

was significantly higher than that for patients in the RBBP4 positive group ( n = 43, 

log-rank test, P < 0.001). 
ocation, tumor size, histological differentiation, TNM stage, hepatic

etastasis, lymph node involvement, and serum CEA level. Our re-

ults showed that overexpression of RBBP4 was correlated with

ascular invasion (32.6% vs. 13.5%, P = 0.046), hepatic metastasis

72.1% vs. 24.3%, P < 0.001), and lymph node involvement (67.4%

s. 40.5%, P = 0.016). 

ositive-RBBP4 is associated with poor survival in colon cancer 

atients 

The overall survival curves for colon cancer patients with hep-

tic metastasis subdivided on the basis of RBBP4 expression are

hown in Fig. 4 . Patients with RBBP4-positive expression had

oorer prognosis than those patients with RBBP4-negative expres-

ion (log-rank test, P < 0.001). 

iscussion 

According to the WHO mortality database, colon cancer is still

ne of the most frequent malignant tumor worldwide [16] . The

ost common distal metastatic target organ of colon cancer is

he liver, and almost 50% of patients suffered hepatic metastases

15%–25% appeared with colon cancer at the same time and 20%

ppeared after the colon cancer) [17,18] . Despite recent progression

n diagnosis, and therapeutic strategies, the 5-year overall survival
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Table 2 

Clinicopathological characteristics of colon cancer patients with hepatic metastasis ( n = 80). 

Characteristics 

Colon cancer tissue 

P value 
RBBP4 positive( n = 43) RBBP4 negative( n = 37) 

Age 

< 60 yr 21 (48.8%) 19 (51.4%) 0.827 

≥ 60 yr 22 (51.2%) 18 (48.6%) 

Sex 

Male 26 (60.5%) 25 (67.6%) 0.510 

Female 17 (39.5%) 12 (32.4%) 

Vascular invasion 

Yes 14 (32.6%) 5 (13.5%) 0.046 

No 29 (67.4%) 32 (86.5%) 

Tumor location 

Ascending colon 21 (48.8%) 16 (43.2%) 0.795 

Transverse colon 12 (27.9%) 10 (27.0%) 

Descending colon 10 (23.3%) 11 (29.7%) 

Tumor size 

≤5 cm 21 (48.8%) 18 (48.6%) 0.987 

> 5 cm 22 (51.2%) 19 (51.4%) 

Tumor differentiation 

Well and moderately 21 (48.8%) 15 (40.5%) 0.457 

Poorly 22 (51.2%) 22 (59.5%) 

Hepatic metastasis 

Yes 26 (65.0%) 14 (35.0%) < 0.01 

No 12 (27.9%) 28 (75.7%) 

Lymph node involvement 

Yes 29 (67.4%) 15 (40.5%) 0.016 

No 14 (32.6%) 22 (59.5%) 

Serum CEA level 

> 5 ng/mL 22 (51.2%) 16 (43.2%) 0.479 

≤5 ng/mL 21 (48.8%) 21 (56.8%) 
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of colon cancer patients with hepatic metastasis is still very low.

Hepatic metastasis is a very pressing problem for the treatment of

colon cancer, developing predictive markers for screening patients

with hepatic metastasis in high risk groups and prognostic markers

for recurrence after hepatectomy is valuable. Although some pre-

dictive markers have been reported by researchers, single marker is

not enough [19,20] . Hence, it is necessary to explore more specific

hepatic metastasis-related or prognosis-related markers to estab-

lish the predictive model which contributed to the early detection

of hepatic metastasis or prognostic judgment. 

Although RBBP4 was reported to be overexpressed in colon

carcinoma [14] , the clinical relevance of RBBP4 in colon cancer

prognosis and hepatic metastasis remains unknown. We there-

fore focused on exploring the predictive role of RBBP4 in progno-

sis and hepatic metastasis in colon cancer patients. We examined

the RBBP4 expression in 80 colon cancer patients with or with-

out liver metastasis, and the patients was followed up. Our result

revealed that the RBBP4 was frequently positive expressed in hep-

atic metastatic cancer tissues and predicted poor overall survival

in colon cancer. These data further indicate that RBBP4 may have

a unique role in liver metastasis of colon cancer and deserves fur-

ther functional study. 

In summary, this is the first study showing the expression of

RBBP4 in colon cancer and revealing that RBBP4 up-regulation is

significantly associated with poor prognosis in colon cancer pa-

tients. Our results suggest that RBBP4 may be a new predictor of

poor prognosis and liver metastasis in colon cancer patients, and

may be a promising candidate for targeted therapy for liver metas-

tasis of colon cancer. 
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