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 Background: The modification of histone acetylation and deacetylation is the most important mechanism of chromatin re-
modeling. These modifications are a subset of epigenetic alterations which affect tumorigenesis and progres-
sion through changes in gene expression and cell growth. Results of histone modification studies prompted 
us to explore the therapeutic and prognostic significance of histone deacetylase 3 (HDAC3) expression in pa-
tients with breast cancer.

 Material/Methods: Immunohistochemical (IHC) staining was used to detect HDAC3 expression in a tissue microarray (TMA) that 
included 145 patients diagnosed with invasive ductal breast carcinoma. IHC scoring was used to evaluate the 
staining intensity and the proportion of positive cells.

 Results: HDAC3 expression was significantly correlated with estrogen receptor (ER)-negative expression (P=0.036) and 
progesterone receptor (PR)-negative expression (P=0.024). Additionally, HDAC3 expression was significantly 
positively correlated with human epidermal growth factor 2 (HER2) overexpression (P=0.037). Our study also 
indicated that high expression of HDAC3 was more frequently observed in breast tumors with PT2 classifica-
tion (74%) versus PT1 (50.0%) and PT3 (71.4%) (P=0.040). Furthermore, HDAC3 was correlated with clinical 
stage II (P=0.046). Univariate and multivariate survival analyses showed that high expression of HDAC3 was 
correlated with poor overall survival (OS) (P=0.029 and P=0.033, respectively) in patients without lymph node 
involvement.

 Conclusions: High HDAC3 expression is closely correlated with ER-negative expression, PR-negative expression, HER2 over-
expression, PT stage, and clinical stage of breast tumors. HDAC3 may be an appropriate prognostic indicator 
in patients with invasive ductal breast cancer.
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Background

With the rapid development of medical technology and individ-
ualized therapies in the present era, numerous breakthroughs 
have been made in the treatment of many illnesses. However, 
breast cancer is still the most common malignancy and the 
main cause of cancer-related death among women in less de-
veloped countries [1].

The origin of mammary cancer is associated with epigenetic 
alterations, including histone acetylation and DNA methyla-
tion, both of which are important mechanisms in the devel-
opment of cancer [2,3] and can affect the expression of vari-
ous oncogenes and tumor-suppressor factors. The expression 
of tumor-suppressor genes can be restricted when epigene-
tic controls are damaged. In particular, decreased expression 
of tumor-suppressor genes is significantly associated with the 
upregulation of histone deacetylases (HDACs) in patients diag-
nosed with breast cancer [4,5]. The upregulation of HDACs can 
cause cell proliferation, lack of differentiation, migration, cell 
invasion, and inhibition of cell apoptosis through the down-
regulation or inactivation of tumor-suppressor genes [6,7].

In vivo, histone acetylation and deacetylation require a dy-
namic balance. HDACs are categorized into 4 classes accord-
ing to their distinct structure and biological functions [8] and 
each class plays a crucial role in the maintenance of chroma-
tin structure during transcription, replication, recombination, 
and gene repair [9,10]. HDAC3 is a class I catalytic enzyme 
and is associated with nuclear hormone co-repressors [11]; it 
represses gene expression by directly binding to the nuclear 
hormone co-repressors (N-CoR or SMRT) [12]. Previous stud-
ies showed that HDAC3 plays a key role in the protection of 
genome stability [13].

To date, several studies have demonstrated the impact of 
HDAC overexpression as well as the anti-tumor effects of his-
tone deacetylase inhibitors (HDACIs) and explored the rela-
tionship between the occurrence of tumor and HDACs from 
the perspective of epigenetics. This has put particular focus 
on HDACs in cancer research, especially in breast cancer re-
search [3,4,14]. Approximately 70% of breast carcinomas ex-
press estrogen receptor (ER) and some of these will eventually 
develop into tamoxifen-resistant advanced breast cancer [15]. 
HDAC inhibitors can restore the efficacy of tamoxifen in the 
treatment of ER-negative breast cancer [16]. Previous in vitro 
studies have examined the efficacy of HDAC inhibitors in breast 
cancer overexpressing human epidermal growth factor [17,18].

In the present study, we examined the expression of HDAC3 
in 145 patients with invasive ductal breast cancer by immuno-
histochemical staining on a tissue microarray (TMA). We also 
analyzed the role of HDAC3 in breast tumorigenesis and the 

association between HDAC3 expression and clinicopatholog-
ical factors and prognostic significance, which may provide a 
theoretical basis for the treatment of breast cancer and prog-
nosis evaluation.

Material and Methods

Patients and tissues

The tissue microarray was composed of a collection of paraffin 
specimens from the First People’s Hospital of Yibin affiliated 
with Southwest Medical University. This cohort included 145 
female patients histologically diagnosed with invasive ductal 
breast cancer, and the age of patients at the time of diagno-
sis ranged from 29 to 83 years. A typical representative tu-
mor region was selected from each of the 145 paraffin spec-
imens. Cylindrical core tissue specimens (diameter 0.6 mm) 
were acquired from the obvious regions of each paraffin block 
and then precisely arrayed into a new recipient paraffin block 
(20×35 mm) using a precision instrument [4]. All patients un-
derwent surgical treatment between 2001 and 2004, including 
modified radical mastectomy or lumpectomy with axillary lym-
phonodectomy. Follow-up time ranged from 7 to 150 months. 
Patients who lacked clear dates of histopathological diagnosis 
or whose samples did not present with enough cancer cells on 
the dot of the tissue chip were excluded. The relevant dates of 
clinicopathological parameters and long-term follow-up for the 
patients in this study were obtained from the hospital. The de-
tailed clinicopathological factors are summarized in Table 1, in-
cluding age at diagnosis, histological grade, tumor size, lymph 
node involvement status, and hormone receptor status. The 
17 cases of adjacent-carcinoma tissues were collected from 
the First People’s Hospital of Yibin affiliated with Southwest 
Medical University. This study was performed in accordance 
with the Helsinki Declaration and the guidelines of the Ethics 
Review Committee of the First People’s Hospital of Yibin affil-
iated with Southwest Medical University.

Immunohistochemical staining

Immunohistochemical staining was used to evaluate the ex-
pression of HDAC3. Samples were dewaxed in xylene twice for 
15 minutes each time and rehydrated in a series of alcohol 
solutions with a decreasing concentration gradient. Antigen 
retrieval was performed in 10 mmol/L citrate buffer (pH 6.0) 
in a microwave oven (800 W) for 16 minutes, and 3% H2O2 
was used at room temperature as a blocking agent to pre-
vent nonspecific staining. Specimens were incubated with an-
ti-human HDAC3 rabbit monoclonal antibody (1: 100, Abcam, 
Ab63353) at 4°C overnight. The slide was then washed with 
PBS for 5 minutes and incubated with the secondary antibody 
at 37°C for 1 hour. Color development was performed by DAB, 
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and the dyeing time was monitored by microscopic visualiza-
tion. Specimens were counterstained with hematoxylin to en-
sure clear visualization of the nucleus and cytoplasm of the 
breast cancer cells.

Western blotting

Breast cancer tissues and adjacent-carcinoma tissues were 
homogenized using protein lysis buffer. Protein lysates were 

separated via SDS-PAGE and transferred to PVDF membranes. 
Membranes were blocked with 5% milk and incubated with pri-
mary antibodies against bactin (1: 5000, Cell Signaling #8457) 
and anti-HDAC3 (1: 5000, Cell Signaling #3949) at 4°C over-
night. Membranes were washed with TBST and incubated with 
a horseradish peroxidase-conjugated anti-rabbit anti-mouse 
secondary antibody. Proteins of interest were detected with an 
enhanced chemiluminescent detection substrate. The process 
was performed according to a previously described protocol.

Clinicopathologic factor No. of patients %

ALL cases 143 100.0

Age

 <50 62 43.4

 ³50 81 56.6

PT status

 PT1 32 22.5

 PT2 96 67.6

 PT3 14 9.9

Lymph nodes

 Negative 44 33.3

 Positive 88 66.7

Histologic grade 

 G1 5 3.5

 G2 111 77.6

 G3 27 18.9

Clinical stages

 I 10 7.1

 II 83 59.3

 III 47 33.6

ER

 Negative 54 40.6

 Positive 79 59.4

PR

 Negative 51 38.1

 Positive 83 61.9

HER2 status

 Negative 92 64.8

 Positive 50 35.2

Table 1.  Clinicopathological factors of patients with breast cancer.
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Scoring of the staining results

The expression of HDAC3 was observed and analyzed accord-
ing to staining intensity (0, negative; 1, weak; 2, moderate; 3, 
strong) and the percentage of positive cells (0, negative expres-
sion; 1, £10%; 2, >10% and £50%; 3, >50%). The final scores 
were obtained by multiplying the staining intensity by the pro-
portion of positive cells as described previously [3]. Samples 
with IHC scores <3 were considered to have low HDAC3 ex-
pression and samples with IHC scores ³3 were considered to 
have high HDAC3 expression. The stained tissue microarray 
was evaluated by 2 pathologists who had no prior clinicopath-
ological information about the samples.

Statistical analysis

The SPSS 17.0 statistical software package was used to ana-
lyze the association between HDAC3 expression and clinico-
pathological parameters as well as overall survival. Linear cor-
relations were analyzed using the chi-square test and Fisher 
exact test. The Kaplan-Meier method was used to evaluate 
prognostic significance and the log-rank test was used to 
evaluate the survival curves. Multivariate analysis of survival 
data was conducted using the Cox proportional hazard model 
method. P-value <0.05 was considered statistically significant.

Results

In this study, all samples in the tissue microarray came from 
patients who were diagnosed with invasive ductal mammary 
carcinoma. HDAC3 expression was higher in malignant breast 
cancer cells (67.8%) compared with normal mammary gland 
cells (23.5%) (P=0.001). HDAC3 was expressed in the nucleus 
and cytoplasm of breast cancer cells (Figure 1). Western blot-
ting demonstrated that HDAC3 expression was significant-
ly higher in breast cancer tissue than in the adjacent normal 
tissue (Figure 1E).

High HDAC3 expression was significantly correlated with neg-
ative estrogen receptor status (P=0.036) and negative proges-
terone receptor status (P=0.024). In addition, HDAC3 expres-
sion showed an apparent association with overexpression of 
human epidermal growth factor (HER2) (P=0.037). We also ob-
served a close correlation between HDAC3 expression and PT 
stage (P=0.040), as well as clinical stage (P=0.046). We deter-
mined that 74% of PT2 tumors showed high HDAC3 expression 
and 74.7% of breast tumors in clinical stage II exhibited high 
HDAC3 expression. The correlation between clinicopathologi-
cal factors and HDAC3 expression is demonstrated in Table 2. 
Associations between HDAC3 and age (P=0.475), histological 
grade (P=0.103), and lymph node involvement (P=0.413) were 
not statistically significant.

In univariate survival analyses using the Kaplan-Meier meth-
od and the log-rank test, overall survival (OS) was defined as 
the period of time from diagnosis to disease-related death. 
The results showed that high HDAC3 expression was not cor-
related with OS (P=0.653). In addition, high HDAC3 expression 
was significantly correlated with a short OS in patients nega-
tive for lymph node involvement (P=0.029). We also observed 
that ER (P=0.006), PR (P=0.028), and tumor size (P=0.011) 
were significantly correlated with OS in patients with breast 
cancer (Figure 2).

Multivariate analysis in lymph nodes with negative status re-
vealed that high HDAC3 expression and younger age at diag-
nosis were correlated with poor OS (P=0.033 and P=0.028, re-
spectively). Tumor size £4 cm was correlated with an increased 
OS in patients without lymph node involvement (P=0.049) 
(Table 3). Multivariate analysis also showed that ER status 
(P<0.001), tumor size (P=0.041), lymph node involvement 
(P=0.001), and histological grade (P=0.036) were significant-
ly correlated with OS (Table 4).

Discussion

In recent years, HDACs have become an important topic in the 
study of the genesis and development of tumors, especial-
ly breast carcinomas. Histone deacetylases encourage tight 
bonding of DNA with histones through removal of the acetyl 
group. Additionally, they repress gene transcription by hinder-
ing the binding of the transcriptional unit to the promoter. In 
our study, we observed that HDAC3 expression was significant-
ly higher in breast cancer tissue than in normal breast tissue, 
and we found that HDAC3 is similar to the partial anisotro-
py parameter of diffusion tensor imaging as a new malignant 
marker of breast tumor [19]. We also explored the correlation 
between the expression of HDAC3 and clinical parameters in 
breast cancer because this is important for the development 
of therapeutics and prognostic techniques. Tumors with an in-
termediate clinical stage and PT2 classification exhibited high 
expression of HDAC3 in our study.

Berit et al. [13] performed HDAC1, 2, and 3 expression analy-
ses via immunohistochemical staining. Their study showed that 
HDAC3 expression was significantly associated with negative 
hormone receptor status, which is consistent with our find-
ings. Additionally, they found that the expression of HDAC3 
was correlated with poor differentiation in tumors. However, 
Krusche et al. [4] demonstrated that high HDAC3 expression 
was significantly correlated with ER and PR positivity. Their re-
search also indicated that the expression of HDAC3 was as-
sociated with low rates of proliferation in breast cancer cells. 
In contrast to our study, neither of these studies reported a 
positive correlation between HDAC3 expression and HER2.
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To date, several studies have demonstrated that HDAC inhibi-
tors can improve interactions between ER-negative malignant 
breast tumors and the anti-estrogen tamoxifen [20,21]. Our 
findings are in accordance with the concept that HDAC3 over-
expression can repress hormone receptor expression in breast 
cancer. Suppressing the activity or expression of HDAC3 re-
sults in re-expression of hormone receptors in aggressive ER- 
and PR-negative breast tumors. In contrast, another study has 
demonstrated that knockdown of HDAC3 can reduce ERa ex-
pression, and that HDAC3 plays a crucial role in maintaining 
the stability of ERa mRNA in breast cancer [22]. In vitro studies 
have shown that trastuzumab can cause apoptosis of HER2-
overexpressing breast cancer cells when used in combination 

with HDACIs [23]. In our study, we observed a significant associ-
ation between high HDAC3 expression and HER2 amplification, 
indicating that breast cancer patients with high HDAC3 expres-
sion experience a significant therapeutic effect from HDACIs.

In our study, HDAC3 expression was closely correlated with 
ER-negativity, PR-negativity, and HER2 over-expression in ma-
lignant breast tumors. This is the worst hormone receptor sta-
tus according to our long-term clinical observations. This re-
sult suggests that patients with high HDAC3 expression may 
benefit more from treatment with specific HDAC3 inhibitors 
in combination with other therapies (including chemother-
apy, trastuzumab-targeted therapy, and surgical treatment) 

T N T N T N

49 KDa

43 KDa

HDAC3

β-actin

E

A

C

B

D

Figure 1.  The expression results of HDAC3. The tissue microarray (A, B); (C) was high expression of HDAC3; (D) represented for low 
expression of HDAC3; (E) the level of HDAC3 expression was significantly higher in breast cancer tissue than that of the 
adjacent normal tissue. T – tumor; N – normal tissue.
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compared to patients with low HDAC3 expression, HER2-
amplification, and negative hormone receptor status. HDAC3 
inhibitors such as capecitabine [24] may inhibit the growth 
of tumor cells and angiogenesis, but the specific therapeu-
tic mechanism needs further study. Our experimental results 
also indicate that the inhibitors of HDAC3 are the same as 
those of magnetic multi-walled carbon nanotube-doxorubicin 

conjugate, which provides an experimental basis for novel tar-
geted drugs [25].

Interestingly, our study demonstrated that, in patients with 
larger primary tumors and without lymph node involvement, 
high HDAC3 expression was correlated with a shorter OS. This 
result indicates that high HDAC3 expression is an early sign 

Clinicopathological parameter Cases
HDAC3 high

No. (%)
HDAC3 low

No. (%)
P-value

ALL cases 143  97 (67.8)  46 (32.2)

Age 0.475

 <50 62  40 (64.5)  22 (35.5)

 ³50 81  57 (70.4)  24 (29.6)

PT stage 0.040*

 PT1 32  16 (50.0)  16 (50.0)

 PT2 96  71 (74.0)  25 (26.0)

 PT3 14  10 (71.4)  4 (28.6)

Lymph nodes 0.413

 Negative 44  34 (77.3)  10 (22.7)

 Positive 88  61 (69.3)  27 (30.7)

ER 0.036**

 Negative 54  43 (79.6)  11 (20.4)

 Positive 79  49 (62.0)  30 (38.0)

PR 0.024**

 Negative 51  40 (78.4)  11 (21.6)

 Positive 83  49 (59.0)  34 (41.0)

HER2 status 0.037**

 Negative 92  57 (62.0)  35 (38.0)

 Positive 50  40 (80.0)  10 (20.0)

Clinical stage 0.046*

 I 10  4 (40.0)  6 (60.0)

 II 83  62 (74.7)  21 (25.3)

 III 47  29 (61.7)  18 (38.3)

Histological grade 0.103

 G1 5  2 (40.0)  3 (60.0)

 G2 111  80 (73.1)  31 (27.9)

 G3 27  15 (55.6)  12 (44.4)

Table 2. The correlation between HDAC3 expression and clinicopathological parameters.

* Chi-square test; ** Fisher exact test.
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Figure 2.  Univariate survival analysis. (A) PR positive expression in patients with breast cancer was significantly associated with 
improved OS (P=0.028); (B) ER positive expression predicted prolonged OS in patients with breast cancer (P=0.006); 
(C) lymph nodes status had no statistical significance with the OS (P=0.217); (D) tumor size was significantly correlated 
with OS in our results (P=0.011); (E) there was no significance associated between HDAC3 expression and OS (P=0.653); 
(F) HDAC3 high expression predicted poor OS in patients with lymph nodes negative status (P=0.029).
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Factor Relevant-factor
OS

HR (95%CI)
P-Value

HDAC3 High  10.752 (1.211–95.500) 0.033

Tumor size £4 cm  0.163 (0.027–0.995) 0.049

HER2 Negative  2.251 (0.561–9.027) 0.252

Age  1.068 (1.007–1.134) 0.028

Table 3. Multivariate analysis of overall survival in patients without lymph node involvement.

HR – hazard ratio.

Factor Relevant-factor
OS

HR (95%CI)
P-Value

ER status Negative  8.538 (2.580–28.251) <0.001

Tumor size £4 cm  0.239 (0.061–0.942) 0.041

Histological grade 0.036

Grade1  4.489 (0.346–58.237) 0.251

Grade2  0.292 (0.075–1.135) 0.076

Lymph nodes Negative  0.097 (0.023–0.403) 0.001

Age 0.994

Table 4. Multivariate analysis of overall survival.

HR – hazard ratio; CI – confidence interval.

of malignancy and can predict a worse prognosis. Conversely, 
Berit et al. and Krusche et al. did not obtain prognostic value 
in their examination of HDAC3 expression in breast cancer. 
Therefore, our study is the first to propose that high HDAC3 
expression is a sign of poor prognosis in breast cancer.

In this study, we observed that HDAC3 expression was signif-
icantly correlated with traditional clinicopathological param-
eters, and that HDAC3 can be considered a prognostic factor. 
This finding prompted us to further study the significance of 
HDAC3 expression in breast cancer as well as the correlation 
of HDAC3 expression with breast cancer treatment efficacy 
and prognosis.

Conclusions

Based on the results of our study, we propose that HDAC3 is 
an independent prognostic factor in breast cancer; however, 
further studies are needed to confirm the role of HDAC3 in 
breast cancer.

This manuscript has not been published and is not under con-
sideration for publication elsewhere. We have no conflicts of 
interest to disclose. All authors have read and approved the 
final version of the manuscript. The authors declare no com-
peting financial interests.
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