
Introduction

Cancer is characterized by genetic and epigenetic aber-
rations and DNA methylation status is frequently altered in
neoplastic cells. 5-hydroxymethylcytosine (5-hmC) is an
intermediate in the demethylation process, which was first
identified in the 1970’s by Penn et al. [1]. DNA methylation
is effectively reversed by the ten-eleven translocation
(TET) family of enzymes, resulting in a variety of demethy-
lated intermediate states, including 5-hmC [2]. 5-hmC lev-
els are decreased in numerous malignancies, including
glioblastoma, melanoma, myeloid malignancies, parathy-
roid, breast, prostate, hepatic, gastric, squamous cell, and
renal cancers [3-14]. Recently, loss of 5-hmC levels have
been reported to be associated with poor outcomes in some
malignancies, such as melanoma, hepatic, gastric, ovarian,
and renal cell carcinomas [8, 11-13, 15].

Endometrial cancer is the third most frequent gyneco-
logic malignancy worldwide [16]. Endometrial cancer is a
multifactorial disease and the molecular mechanisms un-
derlying its development and progression is poorly under-
stood. The expression of 5-hmC as an intermediate in the
demethylation pathway has not been well studied in en-
dometrial carcinoma. The authors aim to examine the ex-
pression of 5-hmC in endometrioid type endometrial
carcinoma (ETEC) compared to proliferative endometrium
(PE).

Materials and Methods
After approval by the University of Massachusetts Medical

School Institutional Review Board, the surgical pathology
archives were randomly searched for ETEC and PE cases from
January 2013 to December 2016, which contained residual re-
maining archival formalin-fixed, paraffin-embedded tissue. Select
blocks from each case were then assessed for 5-hmC expression
by immunohistochemistry.

Immunohistochemical studies were performed on 5-um sec-
tions of formalin-fixed, paraffin-embedded tissue. Slides were
first deparaffinized, and rehydrated. Antigen retrieval was carried
out with 0.01M citrate buffer at pH 6.0 for slides to be stained for
5-hmC. Slides were heated in a 770-W microwave oven for 14
minutes, cooled to room temperature, and rinsed in distilled water.
The slides were then placed in 2N HCl for 30 minutes to digest
and rinsed in distilled water and Tris-buffer to neutralize the acid.
The slides were stained on an autostainer using the staining
reagents. 

The sections were first blocked for endogenous non-specific
protein and peroxidase activity with an application of dual en-
dogenous block for ten minutes, followed by a buffer wash. The
sections were incubated for 60 minutes with rabbit-anti-5-hmC
at 1:5,000. Following a buffer wash, sections were incubated with
a detection reagent (a polymer conjugated with goat-anti-mouse-
Ig, goat-anti-rabbit-IgG, and horse- radish peroxidase) for 30 min-
utes. The sections were washed and treated with a solution of
diaminobenzidine and hydrogen peroxide for ten minutes, to pro-
duce the visible brown pigment. After rinsing, a toning solution
was used for two minutes to enrich the final color. The sections
were counterstained with hematoxylin, dehydrated, and cover
slipped with permanent media. The endometrial stroma was used
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Summary
Objectives: Epigenetic alterations such as DNA methylation are important in cancer development. Recently, the epigenetic marker

5-hydroxymethylcytosine (5-hmC) has been shown to be reduced in a variety of cancers and involved in the process of malignant trans-
formation. The expression of 5-hmC in proliferative endometrium and endometrial carcinoma has not been well elucidated. The aim of
this study was to investigate 5-hmC protein expression in proliferative endometrium (PE) and endometrioid type endometrial carcinoma
(ETEC). Materials and Methods: The authors examined the expression of 5-hmC by immunohistochemistry in a total of 60 cases com-
prised of 29 PE and 31 ETEC. The percentage of nuclear staining was estimated for each case as: 0-25%, 26-50%, and > 50% loss. En-
dometrial stroma was used as a positive control for the 5-hmC staining. Results: Among the 29 PE cases, 28 (97%) had strong and
diffuse staining with minimal to no loss of 5-hmC expression (≤ 25% of the cells). A loss of 5-hmC staining was observed in > 25% of
the cells in 25 of 31 (81%) ETEC cases, of which 16 (52%) of these cases displayed a loss in > 50% of the tumor cells. The loss of 5-
hmC expression was significantly increased in ETEC cases in comparison to the PE cases (p < 0.0001) by Fishers exact test. Conclusions:
This study demonstrates that 5-hmC expression is significantly reduced in ETEC compared with PE. These findings suggest that the
loss of 5-hmC is an epigenetic event in ETEC and may play a role in its development and progression. 
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as a positive internal control for 5-hmC staining. Negative con-
trols were performed by replacing the primary antibody with non-
immune IgG.

The diagnosis of either PE or ETEC was established by exam-
ination of hematoxylin and eosin stained sections. Positive stain-
ing for 5-hmC was defined as a dark brown nuclear staining
pattern in the lesional cells, which was easily observed at low-
power magnification (< ×40). No staining was considered nega-
tive. The degree of loss of nuclear staining was evaluated based
upon the following grading system: 1+ (> 50% loss), 2+ (26-50%
loss) and 3+ ≤ 25% loss).

Results

A total of 60 cases comprising of 29 PE and 31 ETEC
were examined for 5-hmC expression. Among the 29 PE
cases, 28 (97%) had strong and diffuse staining with mini-
mal to no loss of 5-hmC expression (≤ 25% loss; 3+) (Table
1, Figure 1). A loss of 5-hmC staining was observed in >
25% of the tumor cells (1-2+), in 25 of 31 (81%) ETEC
cases, of which a little over half (n=16; 52%) of these dis-
played a loss in > 50% (1+) of tumor cells. The loss of 5-
hmC expression was significantly increased in ETEC cases
in comparison to the PE cases (p < 0.0001) by Fishers exact
test. 

Discussion 

DNA methylation is a significant epigenetic modifica-
tion that has been found to be associated with cancer

pathogenesis [17, 18]. The TET family of proteins convert
5-methylcytosine (5-mc) to a DNA methylation interme-
diate 5-hmC. Significant reduction in 5-hmC expression
has been identified in a number of malignancies [8, 11-
13, 15, 18, 19]. The loss of 5-hmC has also been associ-
ated with reduced TET expression [20, 21]. At present,
only a few studies evaluated DNA methylation processes
in neoplasia of the endometrium. Herein, the authors re-
port the presence of 5-hmC in PE and showed a signifi-
cant loss of 5-hmC expression in ETEC. The results
indicate that loss of 5-hmC is an epigenetic event that oc-
curs in ETEC. Similarly, Ciesielski et al. reported de-
creased TET1 and TET2 mRNA expression by real-time
quantitative PCR analysis in endometrial cancer in com-
parison to normal endometrium control tissues [21]. The
mean mRNA expression of TET1 and TET2 was also
much lower in more advanced cancers (Stage III-IV),
which also exhibited the ability to metastasize to regional
lymph nodes, in comparison to non-metastatic and low-
staged (Stage I-II) cancers [21]. Interestingly, the expres-
sion of TET1 and TET2 corresponded to the expression
pattern of 5-hmC. This indicates a possible role of TET1
and TET2 in the loss of 5-hmC expression during carcino-
genesis in the endometrium [21]. However, unlike TET1
and TET2, 5-hmC levels in DNA did not significantly cor-
relate with prognostic clinicopathological parameters such
as tumor stage and lymph node metastasis in their study
[21].

A recent study by Roca et al. evaluated the expression of
TET genes and 5-hmC in endometriosis in comparison to
control non-endometriotic endometrium. They identified
TET1, TET2, and TET3 expression was decreased in en-
dometriosis compared to the control endometrium, which
suggests these DNA methylation epigenetic events may
also possibly play a role in the pathogenesis of endometrio-
sis [22].

An early diagnosis is important in improving the prog-
nosis of ETEC. A large majority of ETEC are preceded or
associated with pre-malignant lesions such as endometrial
hyperplasia or endometrial intraepithelial neoplasia (EIN),
but the histological assessment of these entities is often sub-
jective. Therefore, identifying a marker specifically asso-
ciated with malignant transformation is of great import-
ance. 

The present study, in addition to the studies performed
by Ciesielski et al. and Roca et al., suggest that the loss of
5-hmC and TET expression are epigenetic events involved
in neoplasia of the endometrium [21, 22]. Additional stud-
ies with a larger cohort of patients will be needed to further
characterize the role of 5-hmC deficiency in the spectrum
of endometrial neoplasia, such as in endometrial hyperpla-
sia or EIN and its relationship to the tumor behavior, re-
sponse to treatment, and patient survival in patients with
ETEC.

Table 1. — Summary of cases with 5-hmC expression.
Diagnosis              0-25% loss (3+)      26-50% loss (2+)     >50% loss (1+)
PE (n=29)        28 (97%)            0 (0%)                 1 (3%)  
ETEC (n=31)   6 (30%)              9 (29%)               16 (52%)  

Figure 1. — Expression of 5-hmC in PE and ETEC. A) PE with
B) strong positive nuclear staining for 5-hmC (×100). C) ETEC
with D) loss of 5-hmC expression and a positive internal control
with diffuse staining in the endometrial stroma (×100).
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