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The Expression of Histone Deacetylase 1,
But Not Other Class I Histone Deacetylases,
Is Significantly Increased in Endometriosis
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Abstract
Class I histone deacetylases (HDACs-1-3) play an important role in steroid hormone–dependent gene expression and in modulating
cell survival and proliferation. We analyzed their expression in a tissue microarray including 74 endometriosis samples and 30 normal
endometrium controls. The mean HDAC-1 immunoreactivity score (IRS + standard deviation) was 7.6 + 2.5 in endometriosis and
5.3 + 2.3 in normal endometrium (P < .001). In contrast, the IRSs of HDAC-2 and -3 were 11.7 + 0.7 and 11.8 + 1.1 in endome-
triosis and 11.6 + 1.0 and 11.9 + 0.4 in normal endometrium (P ¼ .7 and P ¼ .2), respectively. Significant correlations were found
between HDAC-1 and estrogen (-alpha/-beta) and progesterone receptor expression. In conclusion, HDAC-1, but not HDAC-2/-3,
was significantly increased in endometriosis and associated with steroid hormone receptor expression that may reflect interdepen-
dence. In context with the literature, specific inhibitors of HDAC-1 may have inhibitory activities similar to those of broad-spectrum
HDAC inhibitors and may be clinically tolerated, which would increase their chance as an option in the treatment of endometriosis.
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Introduction

Endometriosis is a common benign disease that is defined by the

presence of endometrial-like cells outside of the uterine cavity.1

This disease affects 5% to 10% of women of reproductive age

and is clinically characterized by chronic pelvic pain, dysmenor-

rhea, dyspareunia, and infertility.2-4 On the hormonal level,

endometriosis is typically estrogen dependent and progesterone

resistant.2 The exact mechanism of the pathogenesis of endome-

triosis has not yet been fully elucidated; however, there is

increasing evidence that epigenetic alterations play a crucial

role. Aberrant patterns of histone protein acetylation, DNA

methylation, and the deregulation of micro RNA expression are

mechanisms that have been implicated in endometriosis.5

Histone deacetylases (HDACs) are a family of enzymes that

mainly modulate the acetylation status of histones. The HDACs

play a crucial role in gene regulation by reversing histone acet-

ylation, which causes a condensation of chromosomal DNA

and consequently reduces gene transcription.6 To date, 18 dif-

ferent HDAC enzymes have been described and are divided

into 5 phylogenetic classes. Class I HDACs, which comprise

HDAC-1, HDAC-2, HDAC-3, and HDAC-8, are the most

investigated class and play an important role in steroid hor-

mone–dependent gene expression7 and in modulating cell

survival and proliferation.8 The other classes are class IIa,

including HDAC-4, HDAC-5, HDAC-7, and HDAC-9; class

IIb, including HDAC-6 and HDAC-10; class III, which

comprises the sirtuins SIRT1-SIRT7; and class IV, which

includes HDAC-11.9

A recent study demonstrated that the acetylated histone lev-

els in endometriotic cells were significantly lower than that in

eutopic endometrial cells, which suggests the deregulation of

HDAC expression in endometriosis.10 This finding is imp-

ortant, because recently published data have indicated that inhi-

bitors of histone deacetylases (HDACi) have great potential as

therapeutic agents for endometriosis.5,11-13 Selective HDACis

that target only a few HDACs or 1 class subtype, such as enti-

nostat (MS-275) that mainly inhibits HDAC-1,14 have been dis-

covered and may increase the therapeutic potential of HDACi

with relatively good clinical tolerability.15 The aim of this

study was to determine the expression levels of class I HDACs

in endometriotic samples and compare the expression levels

with those in eutopic endometrium and additionally with the

expression of the steroid hormone receptors.
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Material and Methods

Tissue Microarray Construction

The tissue microarray (TMA) has been previously descr-

ibed.16,17 Briefly, this method included 30 samples of normal

endometrium and 74 endometriotic samples that were subdi-

vided into ovarian endometriosis (n ¼ 27), peritoneal endome-

triosis (n ¼ 19), and deep-infiltrating endometriosis (n ¼ 28).

For every patient’s sample, 2 different core biopsies were

included in the TMA (ie, a total of 208 core biopsies). All of the

cases and controls were in the proliferative menstrual phase of

premenopausal stage, who were not taking hormonal medica-

tion. The control cases were included from hysterectomies that

were not performed for any endometrial disease and without any

history of endometriosis. The study was approved by the local

ethics committee (ref number KEK-ZH-NR 2010-0174/0).

Immunohistochemistry

Tissue sections (2.5 mm) from the TMA were transferred to

glass slides for immunohistochemical (IHC) analysis, accord-

ing to the Ventana automated protocols. Immunohistochemis-

try was performed using the following primary antibodies for

HDAC-1-3: a prediluted polyclonal rabbit immunoglobulin G

(IgG) antibody against HDAC-1 (dilution 1:2, Abcam Limited,

clone: ab15316, UK-CB4 0FL, Cambridge, United Kingdom),

a monoclonal mouse IgG antibody against HDAC-2 (dilution

1:1000, Abcam Limited, clone: ab12169, UK-CB4 0FL), and

a monoclonal mouse IgG antibody against HDAC-3 (dilution

1:500, clone: 611125; Becton-Dickinson, Franklin Lakes, New

Jersey). The same primary antibodies were used in a previous

work,18 and IHC staining of nonendometriotic cells (eg,

endothelial cells) served as internal positive control. All IHC

stainings included negative controls by omission of the primary

antibody. IHC staining was scored by 2 authors (A.N. and

N.S.). A semiquantitative immunoreactivity scoring (IRS) sys-

tem was applied as the product of the staining intensity and the

area of positive cells that ranged from 0 to 12. Therefore, the

percentage of positive cells was categorized as 0% of the cells,

less than 10%, 10% to 50%, 51% to 80%, and more than 80%.

The intensity was graded as absent (0), weakly positive (þ),

moderately positive (þþ), or strongly positive (þþþ). The

epithelium and stroma were scored separately in all cases. The

IRSs are therefore reported either separately for epithelium and

stroma or as the mean overall value of stromal and epithelial

expression.

Statistics

The statistical analysis was performed using SPSS (version 19,

SPSS Inc, Chicago, Illinois). The data are presented as the mean

values, standard deviations, and ranges. P values�.05 were con-

sidered statistically significant. The IRSs were compared using a

Kruskal-Wallis 1-way analysis of variance, followed post hoc by

a pairwise Wilcoxon rank-sum test in which a Bonferroni

correction (a ¼ a/6) was applied and therefore P � .0083 was

considered significant.

The expression of steroid hormone receptors (estrogen

receptor -a, -b, and progesterone receptor) has been assessed

for a previous study16 and was used for statistical correlation.

Spearman r bivariate correlation analyses were performed to

compare the epithelial and the stromal IRS of HDAC expres-

sion. The IRS of epithelial or stromal HDAC expression level

was correlated with the corresponding epithelial or stromal IRS

of steroid hormone receptor expression. The results are pre-

sented as the correlation coefficient (CC) and P value.

Results

Expression of the HDACs-1-3

Immunohistochemical staining of HDAC-1, HDAC-2, and

HDAC-3 was evaluable in 91.3% (n ¼ 95 of 104), 90.4%
(n ¼ 94 of 104), and 90.4% (n ¼ 94 of 104), respectively, for

the epithelial cell fraction of the endometriotic tissues, and

each in 98.1% (n ¼ 102 of 104) for the stromal fraction.

The predominant staining pattern of HDAC-1, -2, and -3

was nuclear in all of the samples. Representative images are

shown in Figure 1.

Interestingly, we observed significantly elevated IRS levels

of HDAC-1 in endometriosis compared with the normal endo-

metrium, as shown in Table 1. The mean overall IRS of the

epithelial and stromal HDAC-1 expression together was 7.6 +
2.5 in endometriosis and 5.3 + 2.3 in normal endometrium

(P < .001). In contrast, HDAC-2 and -3 were similarly expressed

in endometriosis and in the normal endometrial controls. The

mean overall IRS of HDAC-2 was 11.7 + 0.7 in endometriosis

and 11.6 + 1.0 in normal endometrium (P ¼ .7). For HDAC-3,

the mean overall IRS was 11.8 + 1.1 in endometriosis and 11.9

+ 0.4 in normal endometrium (P ¼ 0.2). The mean IRSs of

HDAC-1-3 are reported for all subtypes of endometriosis in

Table 2, and the statistics are represented graphically in Figure 2.

Correlation Between HDACs-1-3

There was a significant positive correlation between epithelial

and stromal HDAC-1 (CC .71, P < .001); samples with higher

epithelial HDAC-1 expression demonstrated higher stromal

HDAC-1 expression. Similar findings were observed for

epithelial and stromal HDAC-2 expression (CC .29, P ¼
.005) but not for HDAC-3 (CC 0.25, P ¼ .12).

The mean overall (epithelial and stromal) IRS for HDAC-1 was

significantly correlated with the mean overall IRS of HDAC-2 (CC

.22, P ¼ .03) but not with the mean overall IRS of HDAC-3 (CC

.14, P ¼ .2). However, the mean overall IRSs of HDAC-2 and

HDAC-3 were significantly correlated (CC .59, P < .001).

Correlation Between HDAC-1-3 and the Expression of
Steroid Hormone Receptors

We found a significant positive correlation of HDAC-1 with

the expression of estrogen receptor-a, estrogen receptor-b, and
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a negative correlation for the epithelial progesterone expres-

sion. No significant correlation was found between the expres-

sion of HDAC-1 and the stromal progesterone receptor

expression. The CCs and P values for HDAC-1-3 and all ster-

oid hormone receptors are reported in Table 3.

Study Population and Correlation With Clinical
Parameters

The clinical characteristics of the patients have been described

in previous studies that used the same tissue microarray.16,17

Figure 1. Expression of HDAC in endometriosis and normal endometrium. Immunohistochemical expression patterns of HDAC-1 ((A) �200;
(B) �400, with arrows marking the endometriotic epithelium) and HDAC-2 ((C), �200) in ovarian endometriosis. HDAC-3 displayed a similar
staining pattern as HDAC-2 and is therefore not represented. D, (�200) shows the expression of HDAC-1 in normal endometrium. HDAC
indicates histone deacetylases.

Table 1. Expression of HDACs-1-3 in Eutopic Endometrium and Endometriosis.a

HDAC-1 HDAC-2 HDAC-3

Localization Value Epithelial Stromal Epithelial Stromal Epithelial Stromal

Normal endometrium IRS + SD 5.1 + 2.7 5.5 + 2.1 11.7 + 1.1 11.6 + 1.1 11.9 + 0.5 11.9 + 0.4
n 30 30 30 30 30 30

Endometriosis (all types) IRS + SD 7.7 + 3.2 7.4 + 2.2 11.4 + 1.4 11.9 + 0.7 11.6 + 1.3 11.8 + 1.1
n 65 72 64 72 64 72

P value <.001 <.001 .2 .1 .4 .8

Abbreviations: HDAC, histone deacetylase; IRS, immunoreactivity score; SD, standard deviation.
a Values are presented as mean IRS + SD of epithelial or stromal HDAC expression. Corresponding number of cases (n) are indicated separately for each group.
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Table 2. HDAC Expression in the Subtypes of Endometriosis.a

Localization Value

HDAC-1 HDAC-2 HDAC-3

Epithelial Stromal Epithelial Stromal Epithelial Stromal

Ovarian endometriosis IRS + SD 8 + 2.8 7.1 + 1.9 10.7 + 1.9 12 + 0 11.1 + 1.9 12 + 0
n 24 27 23 27 23 27

Peritoneal endometriosis IRS + SD 8.4 + 2.1 7.9 + 1.7 11.8 + 0.7 12 + 0 11.8 + 0.7 11.3 + 2.1
n 17 18 17 18 17 18

Deep-infiltrating endometriosis IRS + SD 6.9 + 4.1 7.3 + 2.9 11.8 + 0.7 11.6 + 1.1 11.8 + 0.6 11.9 + 0.4
n 24 27 24 27 24 27

P value .4 .3 .01 .08 .2 .2

Abbreviations: HDAC, histone deacetylase; IRS, immunoreactivity score; SD, standard deviation.
a Values are presented as mean (IRS) + (SD) of epithelial or stromal HDAC expression. Corresponding number of cases (n) are indicated separately for each
group.

Figure 2. Mean immunoreactivity scores of histone deacetylase (HDAC)1-3 in endometriosis and normal endometrium. Immunoreactivity
scores (IRSs) of the HDAC expression level of HDAC-1 (A-C), HDAC-2 (D-F), and HDAC-3 (G-J) in endometrium (EM) and ovarian, perito-
neal, and deep-infiltrating endometriosis (ES). The expression was assessed separately in the epithelium (A, D, andG) and in the stroma (B, E, and
H). The respective mean expression level (ie, epithelium and stroma) is represented in (C, F, and J). *P � .0083; **P � .0016.
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Briefly, according to the American Society for Reproductive

Medicine (ASRM) categories, the number of endometriosis

cases were as follows: ASRM-I 5 of 74 (6.8%), ASRM-II 7

of 74 (9.5%), ASRM-III 15 of 74 (20.3%), and ASRM-IV 34

of 74 (45.9%). In 13 (17.5%) of 74 cases, the ASRM stage was

unknown.

However, no significant correlations were found between

the expression levels of HDAC-1-3 and the ASRM stage, the

patient age, or body mass index.

Discussion

The results of our study demonstrate that HDAC-1 was

expressed significantly higher in endometriosis compared with

the control endometrium, whereas the HDAC-2 and -3 levels

were comparable in endometriosis and in normal endometrium.

These results suggest that among the class I HDAC enzymes,

HDAC-1 plays a prominent role in epigenetic regulation in

endometriosis. The significantly higher expression of HDAC-1

in endometriosis in our study is in agreement with the observa-

tions of reduced acetylation levels in histones H3 and H4.10 The

observed associations between class I HDACs and the steroid

hormone receptors could reflect a dynamic interplay described

in an earlier study in breast cancer cells,7 which may therefore

also be of importance in endometriosis.

Class I HDACs, consisting of HDAC-1, -2, -3, and -8, are

important in modulating cell survival and proliferation.8

Moreover, because of their important role in steroid

hormone-dependent gene expression, class I HDACs are

essential in the pathogenesis of endometriosis and adenomyo-

sis, also called endometriosis uteri interna, which are two ill-

nesses that share common properties.19,20 However, HDAC-8

is expressed only in human tissues with smooth muscle

differentiation.21,22

The expression of HDAC-1 and -2 in endometriosis has also

been investigated by Colón-Dı́az et al.23 They found higher

levels of HDAC-1 protein staining in endometriosis compared

with control endometrium as well as slightly higher HDAC-2

levels in certain cases of endometriosis. However, significant

differences were found in the localizations for HDAC-1 and -

2 in the umbilicus and for HDAC-2 in the stroma of eutopic

endometrium from patients with endometriosis compared with

normal endometrium in the secretory phase. The increased

expression of HDAC-1 in endometriosis is in agreement with

our results; however, despite a similar study population size,

some precaution is needed when comparing these data with our

study. In the study of Colón-Dı́az et al, several endometriotic

samples from rare localizations were included in contrast to our

study that used a classification in ovarian, peritoneal, and deep-

infiltrating endometriosis.23,24 Additionally, the tissue that was

examined in the study by Colón-Dı́az et al was collected from

patients in different phases of the menstrual cycle, whereas all

of the tissue samples in our study were collected from patients

in the proliferative phase.

Another study by Liu et al investigated the expression of

HDACs-1-3 in adenomyosis, a disease that is related to endo-

metriosis.20 In this study of 50 women with adenomyosis (ecto-

pic and eutopic endometrium) and 18 controls with normal

endometrium, there was a significant increase in the expression

of HDACs-1-3 in the ectopic endometrium from the patients

with adenomyosis in comparison to healthy control endome-

trium, which indicates that class I HDACs may be involved

in adenomyosis.

From a therapeutic point of view, HDACis are substances that

interfere with the function of HDAC enzymes. Most HDACis

are potent inhibitors of class I HDACs, whereas HDACis are

inactive at pharmacologically relevant concentrations against

class IIa HDACs.25 The HDAC-6 is a class IIb HDAC and is not

involved in epigenetic signaling but instead deacetylates micro-

tubules and HSP90.26,27 Moreover, many HDACi exhibit broad-

spectrum inhibition of different HDAC enzymes, and several

HDACi are more specific to certain HDAC enzymes, such as

entinostat, which preferentially inhibits HDAC-1.14

Our findings are of clinical interest, because there is increas-

ing evidence for the therapeutic action of HDACi in endome-

triosis according to several preclinical studies10-12,28,29 and a

clinical pilot study of 3 patients with symptomatic adenomyo-

sis.19 Furthermore, HDACis, which have increased specificity

for certain HDAC enzymes or classes, are currently being

investigated in several diseases. Entinostat is an HDACi with

an increased specificity for HDAC-1 and has recently been ana-

lyzed in a clinical phase II study of an oncological combination

treatment. The results of the study indicated few adverse effects

that were attributable to entinostat, according to a comparison

with a combination treatment that used a placebo instead of

entinostat.15

The significant correlation between HDAC-1 and estrogen

and progesterone receptors is interesting because it possibly

reflects interdependence between epigenetic mechanisms

involving HDACs and hormonal receptor expression, which are

known to play an important role in endometriosis.2,5 Thus, we

observed a positive correlation between estrogen receptor-a and

-b and HDAC-1 expression in endometriosis compared to

Table 3. Correlation of HDACs-1-3 With the Estrogen Receptors-a
and -b and the Progesterone Receptor.

Receptor Localization Value HDAC-1 HDAC-2 HDAC-3

ER-a Epithelium CC .2a .3b .2a

P .04 .003 .02
Stroma CC .4b .4b .2a

P <.0001 <.0001 .03
ER-b Epithelium CC .6b .05 �.02

P <.0001 .7 .9
Stroma CC .5b .3b .01

P <.0001 <.001 .9
PR Epithelium CC �.2a .3b .2

P .02 .001 .06
Stroma CC .01 .02 .3a

P .9 .8 .01

Abbreviations: ER, estrogen receptor-a and -b; PR, progesterone receptor;
CC, correlation coefficient (Spearman r); P, p value.
a Correlation is significant at the .05 level (2-tailed).
b Correlation is significant at the .01 level (2-tailed).
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normal endometrium. In contrast, the expression of progesterone

receptor in endometriotic epithelium showed a negative correla-

tion compared to the controls, which is interesting since it might

suggest a connection between HDAC-1 expression and proges-

terone resistance, the latter being widely accepted as an impor-

tant mechanism in the pathogenesis of endometriosis.2 The

correlation between HDAC and hormonal receptor expression

is of course purely descriptive and does not substantiate any

functional links, but it is nevertheless an important observation

in regard to an epigenetic approach in the therapy of endometrio-

sis using HDACi.10-12

To date, it is unclear whether epigenetic aberrations in endo-

metriosis are the cause or a consequence of the disease.5 In addi-

tion, our data cannot explain why HDAC-1 is increased in

endometriosis in contrast to other class I HDACs. Moreover,

whether the eutopic endometrium from the same patients with

endometriosis exhibited an increased expression of HDAC-1

needs to be determined. However, we could not assess this

expression in our study, because the indication for curettage in

patients who undergo laparoscopy for endometriosis is infre-

quent in contrast to adenomyosis in which the tissue is often

extracted from hysterectomy specimens and eutopic and ectopic

endometrium are typically available.

In conclusion, our study demonstrates that HDAC-1 is signif-

icantly and specifically increased in endometriosis compared

with normal endometrium, whereas HDAC-2 and HDAC-3 were

expressed equally in endometriosis and in normal endometrium.

Expression of HDAC-1 was increased in epithelial cells and in

stromal endometriotic cells, and this result was reflected in every

subtype of endometriosis. Because there is increasing evidence

that HDACis have therapeutic potential in endometriosis, spe-

cific inhibitors of HDAC-1, such as entinostat, may have inhibi-

tory activity similar to substances that inhibit a broad spectrum

of HDACs and may be clinically tolerated.
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