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Most breast cancers express estrogen receptor α (ER-α), which 
is important for the diagnosis, treatment, and prognosis of the 
disease. However, ER-α is not expressed in more than one-third 
of breast cancer cases at diagnosis,1,2 which was attributed to 
histone deacetylation and chromatin inactivation by DNA me
thylation. Histone deacetylase 1 (HDAC1) is associated with 
the expression and function of ER and has been considered a 
very important factor in breast tumor progression and progno-
sis.3-6 An increase in HDAC1 mRNA has been reported in breast 
cancer cases without lymph node metastasis and with smaller 
tumor size, lower histologic grade, negative human epidermal 
growth factor receptor 2 (HER-2), and positive ER and proges-
terone receptor (PR) expression; the HDAC1 expression level, 
therefore, has been considered a good prognostic indicator in 
breast cancer.4 However, HDAC1 has also been reported to be 
associated with invasive growth and a poor prognosis.5,6 To date, 
few studies of HDAC1 expression in breast cancer have been 
performed, and the prognostic significance of HDAC1 for breast 
cancer has not been well defined. Therefore, we examined HD
AC1 expression in invasive ductal carcinoma (IDC), the most 

common type of breast cancer, and aimed to verify the prognos-
tic significance of HDAC1 expression in IDC. In this study, the 
expression pattern of HDAC1 at the protein and mRNA level 
was examined, and compared to diverse prognostic factors in 
IDC and the survival rates of patients to confirm the prognostic 
value of HDAC1 expression in IDC. 

MATERIALS AND METHODS

Patients

This study was approved by the Institutional Review Board 
of Yonsei University Wonju Christian Hospital (CR107064). 
The study subjects were 203 cases of IDC. All cases were tissue 
samples that had been surgically resected and pathologically di-
agnosed at the Yonsei University Wonju Christian Hospital 
from 1998 to 2009. All samples were formalin-fixed paraffin-
embedded tissues. Fresh tissue was also available for 46 cases. 
The pathologic diagnoses were reconfirmed by examining he-
matoxylin and eosin (H&E)-stained slides and reviewing patho-
logical reports and clinical records. The histologic grade was 
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classified by two expert pathologists using the modified Bloom 
and Richardson grading method.7,8

Immunohistochemistry
Tissue microarray (TMA) block preparation

Paraffin blocks from the 203 IDC cases were used. Using the 
H&E-stained slides, the representative tumor site was chosen 
and the corresponding site in the paraffin block was marked. 
Areas with necrosis, hemorrhage, and artifacts were excluded. 
The selected tumor area was harvested using a 5 mm Quick-ray 
tip-punch (Unitma, Seoul, Korea), placed on a TMA mold with 
20 pores (Unitma), and re-embedded with paraffin. The TMA 
blocks were prepared as 4 µm-thick sections and stained with 
H&E. They were examined again when the appropriate tumor 
site was selected. 

Staining methods

Sections (4 µm) of TMA blocks were cut, attached onto coat-
ed slides, labeled, and then placed on the Ventana Benchmark 
XT (Roche Diagnostics, Basel, Switzerland). The sections were 
deparaffinized and subjected to pretreatment with CC1 (Roche 
Diagnostics) for 60 minutes at 42˚C. The sections were then 
washed with reaction buffer followed by incubation with pri-
mary antibodies for 60 minutes at 42˚C. The applied primary 
antibodies, all obtained from Thermo Fisher Scientific (Fremont, 
CA, USA), were HDAC1, ER, HER-2, and Ki-67, in dilutions 
of 1 :3,200, 1 :400, 1 :300, and 1 :3,000, respectively. An ul-
traView Universal DAB kit (Roche Diagnostics) was used in 
accordance with the manufacturer’s recommendations to detect 
the location of the primary antibody followed by counterstain-

ing with hematoxylin (Roche Diagnostics). A negative control 
stain without primary antibody was also performed (Fig. 1A).

Evaluating method

The tumor cells in which the nucleus was stained a dark brown 
color were read as positive. For the quantification of HDAC1, 
we evaluated slides broadly according to the staining intensity 
and the distribution of stained cells. To determine the staining 
intensity scores, cases without staining were given 0 points; 
those with weak staining, 1 point; a moderate level, 2 points; 
and strong staining, 3 points. Scores for the distribution of stain
ed cells were assessed depending on the percentage of stained 
tumor cells: 0%, 0 points; less than 25%, 1 point; between 25% 
and 50%, 2 points; and more than 50%, 3 points. A staining 
score was obtained by adding the score of staining intensity and 
stained cell distribution scores. A staining score from 0 to 2 
points was read as negative and a score from 3 to 6 points was 
read as positive.9 For nuclear ER staining, the staining intensity 
was characterized as 0 points (negative), 1 point (weak), 2 points 
(moderate), or 3 points (strong), and the distribution of positive-
stained cells was assessed as 0 points (negative), 1 point (<1%), 
2 points (1-10%), 3 points (10-33%), 4 points (33-67%), or 5 
points (>67%). A staining score was obtained by adding the 
two estimated scores. A staining score from 0 to 2 points was 
read as negative and a score from 3 to 8 points was read as posi-
tive. The degree of HER-2 overexpression was estimated based 
on the membrane staining pattern and scored as 0, 1+, 2+, or 
3+. Tumors with scores of 2+ or greater were considered to be 
positive for HER-2 expression. The Ki-67 proliferation index 
was defined as the percentage of positively stained cells in five 
randomly selected high-power fields.10 

Polymerase chain reaction (PCR) 

PCR was performed on 46 fresh IDC tissues. Each tissue sam
ple was cut into 5 µm-thick slices and washed with phosphate-
buffered saline buffer twice. RNA was extracted using the RN
easy plus mini kit (Qiagen, Hilden, Germany) and RNA con-
centration was measured at 260 nm and 280 nm using a spec-
trophotometer (Bio-Rad, Hercules, CA, USA). Applying the 
extracted RNA, cDNA was synthesized using the QuantiTect 
reverse transcription (RT) kit (Qiagen). RNA extracts less than 
1 µg were mixed with 2 µL 7×  gDNA wipeout buffer, kept at 
42˚C for 2 minutes, and the following were added: 1 µL Quan-
tiscript reverse transcriptase, 4 µL 5×  Quantiscript RT buffer, 
and 1 µL RT primer mix. The mixture was reacted at 42˚C for 
30 minutes and at 95˚C for 3 minutes. The synthesized cDNA 

A B

Fig. 1. Immunohistochemical findings. Immunohistochemical stains 
with negative control serum for invasive ductal carcinoma (IDC) are 
negative (A), whereas immunohistochemical stains for histone de­
acetylase 1 demonstrate positivity in IDC nuclei (B). 
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was used as a PCR template.
The PCR reaction mixture was a mixture of 400 ng cDNA, 

5 µL 2×  QuantiTect probe PCR master mix (Qiagen), 10 pmol 
primer, and 30 pmol probe. PCR was performed using the Ro-
torGene real-time Q-PCR system (Corbett, Sydney, Australia). 
The PCR conditions were as follows: HotStarTaq polymerase 
activation at 95˚C for 15 minutes, denaturation at 94˚C for 15 
seconds, annealing at 60˚C for 1 minute, and extension at 72˚C 
for 30 seconds; the steps were repeated 50 times. Using β-actin 
as the internal control, the relative concentration of mRNA was 
obtained and used for comparison. The nucleic acid sequences 
of the primer and probe are shown in Table 1. 

Statistical analysis

PASW statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA) was 
used. Applying the χ2 test, the expression of HDAC1 was com-
pared to the histologic grade, tubule formation, nuclear pleo-
morphism, mitotic counts, tumor size, lymph node status, ER 
status, and HER-2. Correlation between the HDAC1 expres-
sion and the Ki-67 proliferation index was analyzed by univari-
ate logistic regression. Applying an independent Kruskal-Wal-
lis analysis and the Mann-Whitney U test as non-parametric 
methods, the relative concentration of HDAC1 mRNA was 
compared to valuable prognostic factors, as confirmed by im-
munohistochemical stains. Survival rates were estimated using 
the Kaplan-Meier method and verified by the log-rank (Mantel-
Cox) test. All results with a p-value less than 0.05 were consid-
ered to be statistically significant.

RESULTS

All patients were female. The clinicopathologic characteristics 
of the patients and the results of immunohistochemical stains 
for ER, HER-2, and Ki-67 are summarized in Table 2. Immu-
nohistochemical stains for HDAC1 were performed on 203 cases 
of IDC. The nuclei of the tumor cells were stained for HDAC1 
(Fig. 1B). A higher HDAC1 expression rate was significantly 
related to a lower histologic grade (p=0.000). No relation be-

tween HDAC1 expression and the tubule formation score was 
observed. A higher HDAC1 expression was significantly related 
to a lower nuclear pleomorphism score (p=0.002). The HDAC1 
expression rate decreased significantly as the mitotic count in-
creased (p=0.001). No relation between HDAC1 expression 
and tumor size or lymph node status was shown. HDAC1 ex-
pression was significantly higher when ER expression was pres-
ent (p=0.000). There was no significant correlation between 
HDAC1 expression and HER-2 expression (Table 3). A com-
parison of the Ki-67 proliferation index and HDAC1 expres-
sion using logistic regression showed that HDAC1 expression 
decreased as the proliferation index was elevated, although the 
result was not statistically significant (p= 0.067) (Table 4).

A survival analysis using the Kaplan-Meier method showed a 
better survival rate in IDC patients with HDAC1 expression 
compared to those without HDAC1 expression; the result was 
statistically significant (p=0.033) (Fig. 2).

PCR was performed on 46 cases of IDC for which fresh tissues 

Table 1. The primers and probes of histone deacetylase 1 (HDAC1)

Gene Name Sequence

β-actin Primer beta-A-F TGAGCGCGGCTACAGCTT
beta-A-R TCCTTAATGTCACGCACGATTT

Probe β-actin TET-ACCACCACGGCCGAGCGG-TAMRA
HDAC1 Primer HDAC1-F CCAGTATTCGATGGCCTGTT

HDAC1-R GACTTCTTTGCATGGTGCAG
Probe HDAC1-p FAM-CTGTGAATTGGGCTGGGGGC-TAMRA

Table 2. Summary of clinicopathologic data

No. of cases (%)

Age (mean±SD) 50.9±12.2
Histologic grade

1 51 (24.6)
2  81 (39.9)
3  72 (35.5)

Tubule formation
1 8 (3.9)
2  80 (39.4)
3 115 (56.7)

Nuclear pleomorphism
1 14 (6.9)
2 113 (55.7)
3  76 (37.4)

Mitotic count
1 84 (41.4)
2 56 (27.6)
3 63 (31.0)

Tumor size (cm)
≤2 85 (42.1)
>2 117 (57.9)

Lymph node metastasis
Absent 112 (56.0)
Present 88 (44.0)

ER status
Positive 119 (58.6)
Negative 84 (41.4)

HER-2 expression
Negative 146 (71.9)
Positive 57 (28.1)

Ki-67 proliferation index (mean±SD) 36.5±27.6

SD, standard deviation; ER, estrogen receptor; HER-2, human epidermal 
growth factor receptor 2.
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were available. The relative concentration of HDAC1 mRNA 
was reduced as the histologic grade and mitosis increased, al-
though neither correlation was statistically significant. The rela-
tive concentration of HDAC1 mRNA also was reduced in sam-
ples without ER, but again, without statistical significance (Ta-
ble 5).

DISCUSSION

Cancer has been considered to be the result of diverse genetic 

and genomic alteration. Epigenetic changes may also influence 
carcinogenesis. The main epigenetic modifications in humans 
are DNA methylation and the modification of histones, includ-
ing histone acetylation. Histones are necessary for packaging 
DNA into chromatin.11 Histone acetylation in vivo is a dynamic 
reversible process regulated by histone acetyltransferases (HATs) 
and HDACs. The degree of histone acetylation plays a crucial 
role in chromatin remodeling and in translation regulation.12 
Mutation, overexpression, and improper recruitment of HATs 
and HDACs can influence the development of malignant tu-

Table 3. Relationship between HDAC1 expression and prognostic 
factors in breast cancer

HDAC1 expression

No. of negative 
cases (%)

No. of positive 
cases (%)

p-value

Histologic grade
1 2 (5.6) 47 (28.5) 0.000
2 11 (30.6) 69 (41.8)
3 23 (63.9) 49 (29.7)

Tubule formation
1 0 (0) 7 (4.2) 0.163
2 11 (30.6) 69 (41.6)
3 25 (69.4) 90 (54.2)

Nuclear pleomorphism
1 1 (2.8) 13 (7.8) 0.002
2 12 (33.3) 100 (60.2)
3 23 (63.9) 53 (31.9)

Mitotic count
1 6 (16.7) 77 (46.4) 0.001
2 11 (30.6) 45 (27.1)
3 19 (52.8) 44 (26.5)

Tumor size (cm)
≤2 12 (33.3) 73 (44.2) 0.155
>2 24 (66.7) 92 (55.8)

Lymph node metastasis
Absent 21 (58.3) 90 (55.2) 0.440
Present 15 (41.7) 73 (44.8)

ER status
Positive 8 (22.2) 111 (66.9) 0.000
Negative  28 (77.8)  55 (33.1)

HER-2 expression
Negative 22 (61.1) 123 (74.1) 0.117
Positive 14 (38.9) 43 (25.9)

HDAC1, histone deacetylase 1; ER, estrogen receptor; HER-2, human epi­
dermal growth factor receptor 2.

Table 4. Results of univariate logistic regression between HDAC1 
expression and the Ki-67 proliferation index

HDAC1 expression

Odds ratio (95 % CI) p-value

Ki-67 proliferation index (%) 0.988 (0.976-1.001) 0.067

HDAC1, histone deacetylase 1; CI, confidence interval.
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Fig. 2. The effect of histone deacetylase 1 (HDAC1) expression on 
survival rates in patients with invasive ductal carcinoma (IDC) eval­
uated using the Kaplan-Meier method. Patients with HDAC1-ex­
pressing IDC had higher survival rates, with statistical significance 
(p=0.033).

Table 5. The result of real-time polymerase chain reaction analysis 
of invasive ductal carcinoma

HDAC1 mRNA

n
Mean value of relative  
concentration±SD 

p-value

Histologic grade
1   4  17.42±31.28 0.967a

2 17 4.83±7.43 
3 18 4.43±4.50 

Mitotic count
1 10 12.71±20.35 0.302a

2 13 3.74±3.72 
3 16 3.48±3.98 

ER status
Positive 21  7.83±14.78 0.652b

Negative 18 3.73±3.59 

HDAC1, histone deacetylase 1; SD, standard deviation; ER, estrogen re­
ceptor.
aCalculated by Kruskal-Wallis analysis; bCalculated by Mann-Whitney U test.
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mors.11 However, the mechanisms of HAT and HDAC activity 
are very complex and may be influenced by various factors. HD
AC1, a member of the class I HDACs, is believed to play a key 
role in the development and progression of diverse malignant 
tumors of humans, including breast cancer.4-6,13-18 In addition, 
HDACs also participate in the regulation of gene expression by 
nuclear receptors. ERs are nuclear receptors that modulate gene 
expression to regulate the function and growth of the mamma-
ry gland. ER-α is a critical growth-regulatory gene in breast 
cancer and its expression status is closely linked to the progno-
sis and treatment outcome of breast cancer patients.5 HDAC1, 
therefore, is assumed to be closely related to the tumorigenesis 
of breast cancer. In this study, we compared HDAC1 expression 
in IDC to generally established risk factors for IDC and analyzed 
the survival rate of patients. 

Studies have shown HDAC1 expression in human ovarian 
cancer, endometrial cancer, pancreatic cancer, and hepatocellular 
carcinoma tumors; this expression increases in tumors with poor 
prognosis. In addition, HDAC1 expression is associated with 
the proliferation of tumor cells.13-15 Recently, the expression of 
HDAC1 in testicular germ cell tumors was examined and a sig-
nificant difference between seminoma and non-seminomatous 
germ cell tumors was observed. However, a correlation with 
prognosis was not demonstrated.19 A recent study on lung ade-
nocarcinoma reported that HDAC1 expression is an indepen-
dent predictor of poor prognosis.16 HDAC1 expression in colon 
and gastric cancer is associated with aggressive behavior and poor 
prognosis.17,18 In addition, strong HDAC1 expression in the 
prostate cancer contributes to progression and poor prognosis.20 
In 2003, Kawai et al.5 reported that HDAC1 expression was si-
multaneously associated with the loss of ER-α expression and 
the proliferation of tumor cells in breast cancer cell lines. There-
fore, they inferred that HDAC1 expression is associated with 
poor prognostic factors in breast cancer. In addition, HDAC1 
has been reported to be associated with the invasive growth of 
breast cancer.6 In 2011, Patani et al.21 analyzed histone-modifier 
gene expression profiles in human breast cancer and compared 
the expression with conventional pathologic and clinical param-
eters. In their study, HDAC1 was significantly more overex-
pressed in breast cancer than in normal or benign breast tissue 
and higher HDAC1 expression was associated with higher tu-
mor grade. Until now, most studies of HDAC1 expression in 
malignant tumors have reported that HDAC1 expression may 
be associated with tumor growth and progression and might be 
a poor prognostic indicator in these tumors. 

In 2005, Zhang et al.4 reported that HDAC1 mRNA increas

ed in breast cancer cases with no lymph node metastasis, a tu-
mor size of less than 2 cm, decreased histologic grade, negative 
HER-2 oncogene, and positive ER and PR; because the survival 
rate increased with the expression level of HDAC1, they con-
cluded that this expression is a useful prognostic factor. In this 
study, we showed that HDAC1 expression is significantly asso-
ciated with histologic grade, especially nuclear pleomorphism 
and mitotic count. Using univariate logistic regression, we found 
that the HDAC1 expression decreased as the Ki-67 prolifera-
tion index increased; however, no statistical significance was ob-
served. The histologic grade of breast cancer is now recognized 
as a powerful prognostic factor, and the World Health Organi-
zation’s classification of tumors recommends that it be included 
in pathologic reports.8 Among the components of the histologic 
grade, the mitotic count is considered to be a very important 
independent prognostic factor; the cell proliferation rate, inclu
ding the Ki-67 proliferation index, is the most significant prog
nostic factor in both resected specimens and small biopsy tis-
sues.22-25 This study showed a close correlation between HDAC1 
expression and these strong prognostic factors. ER expression, 
one important prognostic factor in IDC, was also elevated sig-
nificantly as HDAC1 expression was enhanced. Real-time PCR 
on HDAC1 mRNA showed similar trends with the results of 
immunohistochemical stains. The relative concentration of HD
AC1 mRNA decreased in cases with a higher histologic grade 
and mitotic count and decreased ER expression, although the 
results were not statistically significant. This may be due to the 
limited number of cases with fresh tissue samples. The survival 
analysis showed that the survival rate significantly increased in 
patients with HDAC1 expression compared to patients without 
HDAC1 expression. Therefore, HDAC1 expression was inferr
ed to be an important prognostic factor in breast cancer. 

The results of our study were consistent with the results of 
Zhang et al.4 but contradict other studies,5,6,21 a discrepancy that 
may be partially attributable to the difference in cell types. Zhang 
et al.4 used HDAC1 mRNA from frozen tissue. We examined 
both HDAC1 protein and HDAC1 mRNA expression, with 
similar findings that may support their study. In addition, it 
has been reported that the expression of HDAC6, one of the 
class II HDACs, is correlated with better survival in breast can-
cer and the levels of HDAC6 mRNA may serve as a predictive 
indicator of responsiveness to endocrine treatment.26 The class 
of HDACs used in their study was different from that of the 
present study, making a direct comparison of the results diffi-
cult. In 2007, Ishihama et al.27 investigated HDAC1 and HAT-
associated molecules such as CREB-binding proteins (CBP) and 
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p300 in human colorectal carcinoma. There was no statistical 
significance between HDAC1 overexpression and prognosis. 
However, they reported that the high expression of CBP, a HAT-
associated protein, was correlated with significantly better sur-
vival. These studies support the results of this study. Other stu
dies of breast cancer with opposite results5,6 were performed with 
cell lines and did not evaluate survival data. Only two studies, 
including the present study, have analyzed HDAC1 expression 
using fixed or fresh samples from human breast cancer tissue, 
have compared survival data simultaneously, and have revealed 
that higher HDAC1 expression correlates with better survival.4 
Although the results of several other studies are contradictory, 
the results of both protein and gene expression analyses were 
consistent with survival data in our study. Therefore, we con-
clude that HDAC1 may be a good prognostic factor in IDC. 
However, further studies with a larger number of cases and lon-
ger follow-up are needed to confirm the prognostic significance 
of HDAC1 in IDC. 

We observed that HDAC1 expression positively correlated 
with ER expression. However, another study showed reduced 
expression of ER-α in cells with HDAC1 overexpression.5 We 
cannot adequately explain this disparity. However, another in-
vestigator has postulated that HDAC1 expression and its rela-
tionship with ER-α may be influenced by other factors in vivo. 
In addition, it has been determined that HDACs cannot func-
tion independently and that HDACs do not interact directly 
with DNA.4 A complex of several proteins is necessary to mod-
ulate the deacetylase activity of HDACs and DNA binding, to-
gether with proteins that mediate the recruitment of HDACs 
to the promoter genes.28 The suppression of ER-α in human 
tissue can be influenced by other proteins, although HDACs af-
fect ER expression. Further studies are warranted to validate the 
function of HDAC1 and the relationship between HDAC1 and 
ER in breast cancer. 

In this study, consistent data, including survival analysis, val-
idated the association between HDAC1 expression and prog-
nostic factors of breast cancer. HDAC1 expression may be close-
ly associated with good prognostic factors in human IDC. The 
survival analysis showed that the survival rate increased when 
HDAC1 was expressed. Based on the results of this study, HD
AC1 may be a valuable prognostic factor in IDC. 
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