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Abstract: Retinoblastoma binding protein 4 (RBBP4) plays an important role in transcription, cell cycle, and prolif-
eration. Immunohistochemistry was performed to assess HDAC1 and RBBP4 expression in 240 BC patients. The
expression of HDAC1 and RBBP4 in 12 pairs of BC tissues and their normal tissues was determined by western
blotting. Kaplan-Meier analysis and Cox’s proportional hazards regression were applied to evaluate the prognostic
significance of HDAC1 and RBBP4. HDAC1 and RBBP4 expression in BC was significantly higher than that in normal
tissues. HDAC1 was positively correlated with RBBP4 in breast cancer. HDAC1 and RBBP4 were negatively corre-
lated with ER and PR in BC, respectively. The patients with high expression of RBBP4 had a worse overall survival
time. The expression of RBBP4 was found to be significantly correlated with lymph node metastasis. RBBP4 may
play a major role though HDAC1 in the development, metastasis, and prognosis of BC.
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Introduction

Breast cancer (BC) is the most common cancer
in women nowadays. According to the latest
statistics from the National Cancer Center,
breast cancer accounts for 17.10% of the total
number of new tumors in women, and it has
become the leading cause of death in women
under 45 years due to malignant tumors [1].
Biomarkers for BC can predict the prognosis of
BC patients. In recent years, with the develop-
ment of molecular studies, breast cancer
molecular typing has gradually become hot,
which provides an important basis for solving
the heterogeneity of tumors, the accuracy of
prognosis judgment, and the individualization
of clinical treatment. At present, breast cancer
is often classified into Luminal A, Luminal B,
HER2+, and Triple Negative Breast Cancer
(TNBC). Luminal A has the best prognosis and
TNBC has a poor prognosis, but its pathogene-
sis still needs further study. Therefore, it is of
great significance to study the mechanism of
occurrence, development, and prognostic fac-
tors of different breast cancers to find ideas for
individualized treatment.

There are many studies on the role of epi-
genetics in the development of breast cancer.
Histone Deacetylases (HDACs) can remove
acetyl, leading to chromatin structure compres-
sion and subsequent suppression of gene
transcription [2, 3]. HDAC1 (Histone deacety-
lase 1) is a histone deacetylase found in mam-
mals. It can mediate structural changes of
nucleosomes, regulate gene expression, and
inhibit gene transcription, thus affecting tumor
proliferation, metastasis, differentiation and
invasion [4, 5]. Research has shown that inhib-
iting HDACs can induce re-expression of ER in
ER-deficient cells [6]. However, the mechanism
of HDAC1 to regulate ER, PR and HER-2 tran-
scription is not clear in breast cancer. The
expression of HDAC1 in different types of breast
cancer is rarely reported. Therefore, it is impor-
tant to study how its upstream factors regulate
its deacetylation and further affect ER, PR, and
HER-2.

Retinoblastoma binding protein 4 (RBBP4), a
48 kD new tumor-specific protein, was found in
the lysate of Hela cells [7, 8]. RBBP4 is a nucle-
ar protein belonging to a highly conserved sub-
family with four WD-repeat sequences. RBBP4


http://www.ijcep.com

High expression of RBBP4 in breast cancer

was named due to its ability to bind to retino-
blastoma protein in vivo and in vitro. Protein
sequence domain analysis showed that RBBP4
is a conserved protein, especially in the WD40
domain [9].This retinoblastoma-binding protein
plays an important role in nucleosome assem-
bly and histone modification, which influences
gene transcription and regulates cell cycle and
proliferation [10]. RBBP4 plays an important
role in chromatin metabolism, nucleosome as-
sembly, and histone modification, which can
regulate gene transcription, cell cycle, and pro-
liferation [11]. Moreover, RBBP4 has gained
attention for its potential involvement in the
mechanism of carcinomas, such as liver cancer
[12], lung cancer [13] and glioma [14, 15].
However, its role and mechanism in breast can-
cer have not been reported.

The RBBP4 was the first identified in the peak
of proteins related to different collections of
chromatin containing assembly and nucleo-
some modifying compounds, including histone
deacetylase (HDAC) compounds [16, 17]. Thus,
it plays an important role in chromatin metabo-
lism, nucleosome assembly, and histone mo-
dification and participates in HDAC-mediated
transcription [18]. In the presence of Rb and
HDAC1, RBBP4 was shown to be able to as-
sociate with E2F1 and participate in cell cycle
regulation [19]. The Rb protein can inhibit gene
transcription, while RBBP4 can cause blocking
the inhibition of Rb protein, through HDAC1
which directly binds Rb protein. However,
whether RBBP4 in breast cancer can affect
the mechanism of the occurrence and develop-
ment of different subtypes of breast cancer by
HDAC1, and then affect the prognosis and ther-
apeutic efficacy of patients is unknown. In this
study, the expression of HDAC1 and RBBP4
was detected by IHC and western blot, and the
correlation between HDAC1, RBBP4 and ER,
PR, HER-2 was explored. We assess the rela-
tionship between them and clinicopathological
factors and prognosis.

Materials and methods
Patients and tissue samples

Formalin-fixed and paraffin-embedded (FFPE)
breast cancer specimens and normal tissues
were retrieved from the archive of Binzhou
Medical University Hospital, China. A total of
240 patients with BC from January 2011 to
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December 2013 are collected. These patients
had median age of 54 years from 34 to 78.
There are 60 patients in each group, and there
are four groups: Luminal A, Luminal B, HER-2*
and Triple Negative Breast Cancer (TNBC).
None of the patients underwent any types of
treatments before surgery. Clinicopathologic
features of all the patients were collected retro-
spectively by reviewing medical records.

Fresh-frozen tumor tissues and the corresp-
onding normal tissues were used for western
blotting extraction. These tissues were collect-
ed from 12 patients with BC who underwent
curative surgery between August 2018 and
June 2019. Tumor samples were obtained at
surgery and stored at -80°C. The correspond-
ing normal tissues were considered as the con-
trol. There were 3 patients in each group.

This research was approved by the Ethics
Committee of Binzhou Medical University Hos-
pital.

Follow up

All patients were followed up by telephone or
outpatient clinics.

Immunohistochemistry (IHC)

The expression of HDAC1 and RBBP4 in BC and
normal tissues was determined through IHC.
FFPE archived tissues were cut into 3-um sec-
tions, dewaxed, rehydrated, and blocked with
3% hydrogen peroxide. The sections were sub-
jected to heat for antigen retrieval. The sec-
tions were then incubated with rabbit poly-
clonal antibody against human HDAC1 and
RBBP4, respectively, overnight at 4°C. The
sections were washed with PBS and incu-
bated with horseradish peroxidase-labeled
secondary antibody for 30 min. Subsequently,
all sections were visualized with DAB kit (Zh-
ong Shan Golden Bridge Biotechnology, Bei-
jing, China) and the nucleus was countersta-
ined with hematoxylin. In addition, all the pri-
mary antibodies were are purchased from
Abcam, USA. A positive control was supplied by
Abcam, and negative controls were prepared by
replacing the primary antibody with PBS.

The results of final IHC were evaluated accord-
ing to the intensity and percentage of positively
stained cells. The staining intensity was graded
as the followings: O (negative), 1 (weak), 2 (mo-
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Figure 1. Expression of HDAC1 and RBBP4 in BC and normal tissues. A.
Expression of HDAC1 and RBBP4 in BC and normal tissues by IHC; B. Ex-
pression of HDAC1 and RBBP4 in BC and normal tissues by western blot.

derate) and 3 (strong). The percentage of po-
sitive cells was assigned as the followings: 1
(£25%), 2 (26%-50%), 3 (51%-75%), 4 (>76%).
The final IHC score is calculated by multiplying
the score of staining intensity and the score of
percentage of positive cells. The score lower
than 4 was regarded as low expression and the
score higher than 4 was regarded as high
expression. The results of IHC were blindly eval-
uated by two pathologists.

Western blotting

The fresh tissue was extracted on the ice.
Protein concentrations were measured by BCA
assay. The protein extracts were separated
through SDS-PAGE and then transferred onto
PVDF membranes (Millipore, USA). The mem-
branes were blocked with 5% nonfat milk at
room temperature for 90 min. The membranes
were then incubated with HDAC1, RBBP4 and
GAPDH, respectively, overnight at 4°C. Next,
the membranes were incubated at the room
temperature for 1.5 hours with secondary anti-
bodies. The results were observed with en-
hanced chemiluminescence (ECL; Thermo Fi-
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sher, USA) by chemilumines-
cence detection system.

Statistical analysis

SPSS 23.0 was used to con-
duct all statistical analyses.
The correlation between the
proteins of different groups
was performed using Spear-
man’s correlation analyses.
The correlation of the protein
expression with clinical param-
eters was analyzed by Pear-
son chi-squared test. Overall
survival was plotted using the
Kaplan-Meier method. Log-Ra-
nk method was used to com-
pare the statistical difference
and the independent prognos-
tic factor for BC was assessed
using a multivariate multivari-
ate survival analysis. P<0.05
was considered significant.

Results

Expression of HDAC1 and
RBBP4 and their correlation in
breast cancer

The expression of HDAC1 and RBBP4 are
assessed in breast cancer by both IHC and
western blotting.

By IHC (Figure 1A), the positive rates of HD-
AC1 and RBBP4 in BC (73.33% and 70.42%,
respectively) were higher than those in normal

tissues (17.92% and 15.42%,

respectively,

P<0.05, Table 1). By western blotting, the
expressions of HDAC1 and RBBP4 in BC are

significantly higher than those

in normal

(P<0.05, Figure 1B).

Spearman analysis shows that HDAC1 is posi-
tively correlated with RBBP4 in breast cancer
(P<0.05, Table 2). In other words, RBBP4 was
also highly expressed in breast cancer with
high expression of HDAC1.

Expressions of HDAC1 and RBBP4 in different
types of breast cancer

According to the expression of ER, PR, and
HER-2 by IHC, the BC were further divided into
four groups: Luminal A (ER*, PR*, HER-2),
Luminal B (ER*, PR*, HER-2*), HER-2* (ER, PR,
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Table 1. Expression of HDAC1 and RBBP4 in breast

cancer and normal tissues [n (%)]

in BC, respectively (P<0.05, Table 4); how-
ever, there was no correlation between

n HDAC1 P RBBP4

HDAC1 and HER-2 in BC, nor RBBPA4.

Normal 240 43(17.92) <0.001" 37 (15.42)
Cancer 240 176 (73.33) 169 (70.42)

(P>0.05, Table 4).

High expression of RBBP4 is an indepen-

*P<0.05.

Table 2. Expression of HDAC1 and RBBP4 in
breast cancer

RBBP4
n
- +
HDAC1 - 64 27 37 0.010"
+ 176 44 132

“P<0.05.

Table 3. Expression of HDAC1 and RBBP4 in
different types of breast cancer

HDAC1 RBBP4
- P — P
+ -+
LuminalA 60 24 36 0.001" 22 48 0.020"
LuminalB 60 27 33 24 36
HER-2+ 60 4 56 11 49
TNBC 60 9 51 14 46

“P<0.05.

HER-2) and Triple Negative Breast Cancer
(TNBC, ER;, PR, HER-2).

According to the result of IHC, the expression
of HDAC1 in Luminal A and Luminal B was sig-
nificantly lower than that in HER-2* and TNBC
(P<0.05, Table 3; Figures 2, 3A). In Luminal A,
RBBP4 was lower than HER-2*. RBBP4 was
higher than Luminal B in HER-2* and TNBC.
However, there was no differences in the
expression of HDAC1l and RBBP4 between
Luminal A and Luminal B. At the same time,
there were no differences between HER-2* and
TNBC.

By western blot, the expression of HDAC1 and
RBBP4 in Luminal A and Luminal B was signifi-
cantly lower than that in HER-2* and TNBC
(P<0.05, Figure 3B). There was no difference in
expression between Luminal A and Luminal B.
There were no differences between HER-2* and
TNBC.

Correlation between HDAC1, RBBP4 and ER,
PR, HER-2 in breast cancer

Spearman analysis showed that HDAC1 and
RBBP4 is negatively correlated with ER and PR
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dent biomarker of poor prognosis in BC
patients

All 240 patients with BC had complete follow-
up data: the median overall survival (OS) time is
66.5 months, and the 5-year survival rate is
67.5%. Kaplan-Meier analysis showed that
patients with high expression of RBBP4 had a
worse OS time than that of patients with low
expression of RBBP4; and a worse OS is as-
sociated with TNBC. Luminal A has the best
prognosis (P<0.05, Figure 4). Interestingly, HD-
AC1 is unrelated to prognosis (P>0.05, Figure
4). Multivariate survival analysis showed that
RBBP4, molecular typing, and lymph node
metastasis were independent prognostic fac-
tors for BC patients (Table 5).

Correlation of HDAC1 and RBBP4 with clinico-
pathologic features

We analyzed the -correlation between the
HDAC1 and RBBP4 in BC and a set of clinico-
pathologic measures, including age, histology,
tumor site, histological grade, and lymph node
metastasis (Table 6). The expression of RBBP4
was found to be significantly correlated with
lymph node metastasis (P=0.008). Other char-
acteristics, such as age, gender, tumor size,
and histology, were not associated with RBBP4
expression. The expression of HDAC1 was not
correlated with clinicopathologic measures
(P>0.05, Table 6).

Discussion

We herein demonstrated that RBBP4 is posi-
tively correlated with BC metastasis. RBBP4 is
closely related to the prognosis, and it is an
independent prognostic factor for BC. The sur-
vival time of patients with RBBP4 (+) was sig-
nificantly shorter than for RBBP4 (-). Our results
suggest that activation of RBBP4 may lead to
tumorigenesis, and the high of expression sig-
nificantly affects the prognosis of the BC. More
importantly, RBBP4 may serve as avaluable
independent prognostic biological marker.

BC is a heterogeneous disease given that its
invasive process is associated with a variety of
molecular alterations. At present, breast can-
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Figure 2. Expression of ER, PR, HER-2, HDAC1 and RBBP4 in different types of breast cancer by IHC.

cer is often classified into Luminal A, Luminal
B, HER2+, and Triple Negative Breast Cancer
(TNBC). There are many individualized thera-
pies for different breast cancer, but there are
no drugs related to epigenetics of breast can-
cer. Histone hypoacetylation and hypermethyl-
ation are the main characteristics of cancer
cells. Among histone acetylation or deacety-
lation play a key role in the regulation of exten-
sive gene expression. HDAC1 (Histone deacety-
lase 1) is a histone deacetylase found in mam-
mals. It can affect tumor proliferation, metasta-
sis, differentiation and invasion. It was found
that HDAC1 was overexpressed in gastric can-
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cer [20, 21], breast cancer [22, 23], colorectal
cancer [24, 25], pancreatic cancer [26], cervi-
cal cancer and other malignant tumors, which
was closely related to cell apoptosis. Tharkar
[27] found that HDAC1 plays an important role
in the survival and proliferation of leukemia
cells. Targeted inhibition of HDAC1 expression
can play an anti-leukemia role. In this study, we
find that HDAC1 has high expression in breast
cancer. Spearman analysis shows that HDAC1
is negatively correlated with ER and PR in BC,
bur not HER-2. We think that HDAC1 is involved
in the transcription or translation of ER and PR,
but does not participate in the transcription of

Int J Clin Exp Pathol 2020;13(3):563-572
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Figure 3. Expression of HDAC1 and RBBP4 in different types of breast cancer.

Table 4. Correlation between the expressions
of HDAC1 and RBBP4 with ER, PR, and HER-2
in breast cancer

HDAC1 RBBP4
& s

ER - 120 13 107 0.001" 25 95 0.003"
+ 120 51 69 46 74

PR - 120 13 107 0.001" 25 95 0.003"
+ 120 51 69 46 74

HER-2 - 120 33 87 0.770 36 84 0.888
+ 120 31 89 35 85

“P<0.05.

HER-2. However, HDAC1 is unrelated to any
clinicopathological factors and does not affect
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the prognosis of patients. We suppose that
HDAC1 can only affect the expression of down-
stream genes, but not the prognosis of patients.

Qian [8] first discovered RBBP4 in HelLa cells,
which is a new tumor-specific protein. RBBP4 is
named for its ability to bind to retinoblastoma
proteins in vivo and in vitro, also known as
RbAp48. RBBP4 is a nuclear protein with four
WD repeats at the C-terminal, belonging to a
highly conserved protein family with such
domains. Recent studies have shown that
RBBP4 may be involved in many tumorigenesis
mechanisms, such as hepatocellular carcino-
ma [28], gastric cancer [29] and acute myeloid
leukemia [30]. According to the results of IHC,
RBBP4 has high expression in breast cancer. At

Int J Clin Exp Pathol 2020;13(3):563-572
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Figure 4. Kaplan-Meier survival analysis in BC. The log-rank test was used to calculate P value.
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Table 5. Multivariate survival analysis of clinicopathologic measures with 0OS

by Cox proportional hazards regression

RBBP4 is negatively
correlated with ER

and PR in BC, bur

Exp 95% ClI ;
B SE Wald df — not HER-2. This re-
(B)  Lower Upper .
RBBP4 0.493 0.152 10.572 1 1.637 1.216 2.204 0.001" sult is the same as
’ ’ ) ) ) ) ’ for HDAC1. We think
HDAC1 -0.287 0.165 3.017 1 0.751 0.543 1.037 0.082 that RBBP4 is con-
Molecular typing 0.250 0.068 13.428 1 1.284 1123 1.467 0.001°  cerned with the ex-
Age -0.018 0.137 0.017 1 0.982 0.750 1.286 0.897 pression Of ER and
Histology 0.453 0.389 1.354 1 1.572 0.734 3.369 0.245 PR through HDAC1.
Tumor size 0.204 0.138 2.182 1 1.226 0.935 1.608 0.140
Histologic grade 0431 0132 0984 1 1140 0.880 1.476 0321  Results of both HC
. N and western blot sh-
Lymph node metastasis 0.310 0.140 4.937 1 0.733 0.558 0.964 0.026

“P<0.05.

Table 6. Correlation between clinicopathologic characteristics and the ex-

pression of HDAC1 and RBBP4 in breast cancer

owed, that expres-
sion of HDAC1 in Lu-
minal A and Lumi-
nal B was signifi-
cantly lower than
that in HER-2* and

HDAC1

RBBP4

Measures p TNBC. In Luminal A,
+ + RBBP4 was lower

Age (year) than in HER-2*. RB-
<60 153 112 0.004 0.952 108 -0.005 0.939 BP4 was higher th-
>60 87 64 61 an Luminal B in HER-
Histology 2* and TNBC. How-
IDC 233 171 -0.007 0.908 163 0.058 0.369 ever, there was no
ILC 7 5 6 difference in the ex-
Tumor size (cm) pression of HDAC1
<2 149 111 0034 0603 106 -0020 0754  2nd RBBP4 betwe-
S5 o1 65 63 en .Lummal A and
Luminal B. At the

Histologic grading same time, there we-
| 15 12 0.045 0.473 12 0.052 0.414 re no differences be-

I 164 116 110 tween HER-2* and
1] 61 48 47 TNBC. We consider
Lymph node metastasis that this result is re-
No 134 92 0419 0.066 85 0.172 0.008" lated to RBBP4 and
Yes 106 84 84 HDAC1 only regulat-
“P<0.05. ing ER and PR. Th-

the same time, the expression of RBBP4 was
found to be significantly correlated with lymph
node metastasis. We suppose that RBBP4 is
involved in the development and metastasis of
breast cancer.

It has been found that RBBP4 binds to histone
modification-related complexes, including his-
tone deacetylases (HDACs). Schultz [19] found
that RBBP4 could affect HDAC-mediated tran-
scription. In the presence of Rb and HDAC1,
RBBP4 can bind to e2F1 and participate in cell
cycle regulation. We find that HDAC1 is posi-
tively correlated with RBBP4 in breast cancer.
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us, the expression

of HDAC1 and RB-
BP4 in HER-2* and TNBC, which are ER and
PR, was significantly higher than that in ER*/
PR*.

In conclusion, RBBP4 has high expression in
breast cancer, and may be involved in the
occurrence and development of lymph node
metastasis in breast cancer, and affect the
prognosis of breast cancer patients. Its me-
chanism may be regulated transcription or
translation of ER and PR by HDAC1. Therefore,
it is important to further study the molecular
mechanism of RBBP4. It is of great significance
to judge the prognosis of breast cancer and to

Int J Clin Exp Pathol 2020;13(3):563-572
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explore potential ways to inhibit tumor develop-
ment. However, the study discussed only a cor-
relation of protein expression and clinical sig-
nificance, and we need to increase the sample
quantity and cell experiments carried out to
reveal its role and mechanism.
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