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Abstract

Purpose DNA methylation is an important epigenetic
modification that is frequently altered in cancer. Recent re-
ports showed that the level of 5-hydroxymethylcytosine
(5-hmC) was altered in various types of cancers. The influ-
ence of DNA methylation in epithelial ovarian cancer (EOC)
is not fully understood. Therefore, the aim of the present
study was to investigate factors involved in DNA demethy-
lation in EOC compared with normal ovarian tissues.
Methods We examined the expression of 5-hmC, 5-mC,
and TET2 by immunohistochemistry in 130 cases of EOC
and 40 cases of normal ovarian tissues. We assessed the
prognostic values of 5-hmC, 5-mC, and TET2 in clinical
outcome of EOC.

Results We discovered a significant decrease in 5-hmC
and TET2 expression in EOC compared with normal
ovarian tissues. In contrast, there was a significant increase
in 5-mC expression in EOC compared with normal ovarian
tissues. The expression of 5-hmC, 5-mC, and TET2 cor-
related with pathologic stage, tumor grading, lymph node
metastasis, and vascular thrombosis. Furthermore, de-
creased level of 5-hmC predicts poor prognosis of EOC
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patients. The expression of 5-hmC was an independent
prognostic factor for overall survival of EOC patients.
Conclusions The data suggest that loss of 5-hmC is an
epigenetic event of EOC, and the expression of 5-hmC
could serve as a prognostic factor for EOC.
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Introduction

Ovarian carcinoma (OC) is the most lethal gynecological
malignancy and the fourth most common cause of can-
cer-related death in women [l]. OC has been pre-
dominantly diagnosed in Western countries and its
prevalence is gradually increasing in developing coun-
tries [2]. Epithelial ovarian cancer (EOC) accounts for
the vast majority of adult ovarian malignancies, and is
considered to be the most common serous carcinoma [5].
EOC remains one of the most challenging problems in
contemporary gynecological oncology worldwide [3] and
affects predominantly perimenopausal and post-
menopausal women. The frequency of maternal EOC is
likely to increase because of the increasing number of
women who postpone childbearing [4]. With a 5-year
survival rate of only 30 %, EOC is poorly diagnosed;
approximately 70 % of cases are diagnosed at advanced
stage and early diagnosis is difficult because of vague
initial signs and symptoms [6]. Therefore, better
knowledge of the molecular pathogenesis of EOC would
help contribute both to the identification of new
biomarkers useful for its early detection, and to the de-
velopment of personalized therapies.
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Carcinogenesis is a multi-step process that involves
certain genomic alterations [8]. These changes not only
result from changes in DNA sequences but are also due to
epigenetic alterations that result in abnormal gene expres-
sion [9-11]. Hypermethylation of tumor suppressors
and hypomethylation of oncogenes have been shown to
contribute to tumorigenesis [7]. DNA methylation repre-
sents a delicate epigenetic modification that may be re-
versible in mammalian cells. Accumulating evidence
suggests a potential link between environmental influences
and epigenetic changes. However, the detection of 5-hy-
droxymethylcytosine (5-hmC) was regarded as a break-
through in epigenetic research [12, 13].

5-hmC, known as the sixth base of the genome, is re-
lated to the process of malignant transformation and is
suggested to be an intermediate in active DNA demethy-
lation [14, 15]. 5-hmC is an oxidation product of
5-methylcytosine (5-mC), and formation of 5-hmC from
5-mC automatically lowers the levels of 5-mC at any given
nucleotide position or even genome-wide. Therefore, the
conversion of 5-mC into 5-hmC could be the first step in a
pathway leading towards DNA demethylation [16]. Recent
studies demonstrated that the ten-eleven translocation
(TET) family of enzymes catalyzes the conversion of 5-mC
into 5-hmC [17]. At present, TET mutations influencing
DNA methylation have only been found in hematopoietic
malignancies, and have not been detected in solid tumors.
However, numerous studies have shown that 5-hmC levels
are reduced in solid tumor tissues compared with normal
tissues, which indicates that TET genes may play a sig-
nificant role in cellular transformation through regulation
of DNA demethylation [18].

As a new epigenetic modification, 5-hmC may be a
helpful biomarker to diagnose cancers. To gain a better
understand of the roles of TET and 5-hmC in tumors, the
biological functions of TET and 5-hmC should be inves-
tigated further. Furthermore, there is still a lack of under-
standing concerning the distribution and importance of
5-hmC and its related enzyme in EOC. Therefore, the
purpose of this study was to investigate alterations in
5-mC, 5-hmC, and TET2 expression in EOC compared
with healthy ovarian tissues.

Methods

Patients and samples

A total of 130 patients who received surgery for EOC were
randomly selected from the medical records of the Depart-
ment of Pathology at the Second Affiliated Hospital of

Harbin Medical University between January 2003 and De-
cember 2004. Inclusion criteria included patients who
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received no treatment prior to surgery. Tumor tissue samples
were obtained from all patients at the time of surgery. Forty
samples of adjacent normal ovarian tissues were used as
controls. Patients were followed up until December 2010.

Immunohistochemistry

Formaldehyde-fixed, paraffin-embedded tissue sections were
cut at 4 um thickness and deparaffinized. Immunostaining
was performed with primary antibodies against 5-hmC,
5-mC, and TET2 (Santa Cruz) using a streptavidin—biotin
complex method following relevant antigen retrieval tech-
niques according to the standard protocols. Tissues incubated
with phosphate-buffered saline instead of primary antibodies
were used as negative controls. Specimens were scored ac-
cording to the intensity of the dye color and the number of
positive cells. The intensity of the dye color was graded as 0
(no color), 1 (light yellow), 2 (light brown), or 3 (brown), and
the number of positive cells was graded as 0 (<5 %), 1
(5-25 %),2 (26-50 %), 3 (51-75 %), or 4 (>75 %). The two
grades were added together and specimens were assigned to
one of four categories: 0-1 (—), 2 (+), 3—4 (++), more than
5 (+++). We designated (— and +) as low expression and
(4++ and +4+) as high expression.

Statistical analysis

We used Pearson’s Chi square test and the Wilcoxon rank-
sum test to analyze the association between the expression
levels of 5-hmC, 5-mC, TET2, and clinicopathological
parameters. Prognostic values of variables were estimated
by multivariate Cox proportional hazard ratio models.
Survival curves were constructed using the Kaplan—-Meier
method, and the difference in survival time was evaluated
using the log-rank test. The primary endpoint was overall
survival (OS). All statistical analyses were performed with
GraphPad Prism software version 5.01 and a P value less
than 0.05 was considered as statistically significant.

Results

Expression of 5-hmC, 5-mC, and TET2 in EOC
and normal ovarian tissues

Immunohistochemical analysis of normal ovarian tissues
showed a high number of cells positively stained for 5-hmC.
We observed similar findings with TET2 expression,
although TET2 showed slightly weaker staining. However,
in the EOC samples, the numbers of positive 5-hmC and
TET2 cells were significantly reduced. We observed an
opposite trend with 5-mC expression compared with 5-hmC
and TET2. The number of positive 5-mC cells was
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significantly increased in EOC samples and decreased in
normal ovarian tissues (Fig. 1). High expression of 5-hmC,
5-mC, and TET2 in EOC samples was observed in 34
(26.2 %), 90 (69.2 %) and 36 (27.7 %) samples, respec-
tively. Pearson’s Chi square tests revealed that the positive
proportion rate was significantly lower for 5-hmC and
TET2, and significantly higher for 5-mC in EOC tumor
tissues than in normal tissues (P < 0.0001) (Table 1).

Expression of 5-hmC, 5-mC, and TET2 in EOC
with clinicopathological factors

We found no statistical significance regarding the ex-
pression of 5-hmC, 5-mC, and TET2 in the different

Fig. 1 Immunohistochemical
staining for 5-hmC in normal
ovary tissues, 1a high
expression and EOC, 1b low
expression; 5-mC in normal
ovary tissues, 2a low expression
and EOC, 2b high expression;
TET?2 in normal ovary tissues,
3a high expression and EOC, 3b
low expression. Positive cells
stain brown

histologic types (serous, mucinous, endometrioid, clear
cell) (P > 0.05). Reduced 5-hmC expression was more
commonly found in the advanced stages of EOC (11 of 73
cases; 15.1 %) than the early stages (23 of 57 cases;
40.4 %) (P = 0.0001). 5-hmC expression was sig-
nificantly decreased in poorly differentiated EOC tissue
(G3) (4 of 33 cases; 12.1 %) compared with well-differ-
entiated EOC tissue (Gl) (13 of 29 cases, 44.8 %)
(P = 0.013). We observed similar results with TET2 and
an opposite trend with 5-mC expression. We also ob-
served positive correlations among the three genes with
metastatic lymph node and vascular thrombosis, but no
relationship with age, tumor size, CA-125 level, and
ascites syndrome (Table 2).
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Table 1 The expression of 5-hmC, 5-mC and TET?2 in normal ovary tissues and EOC

Parameter 5-hmC ¥ 5-mC ¥ P TET2 x* P
High Low High Low High Low

Normal ovary tissue 40 31 9 3415 <0.0001 11 29 22.09 <0.0001 29 11 26.001  <0.0001

EOC 130 34 96 90 40 36 94

Table 2 The expression of 5-hmC, 5-mC and TET2 in EOC with clinicopathological factors

Parameter n  5-hmC X P 5-mC X P TET2 ¥ P

High Low High Low High Low

Histologic type 0.0143  0.9995 0.488 0.921 0.681 0.878
Serous 72 19 53 49 23 21 51
Mucinous 31 23 23 8 7 24
Endometrioid 12 9 8 4 4 8
Clear cell 15 11 10 5 4 11

FIGO Stage 10.653  0.0138* 29.213  <0.001* 14.103  0.0028*
I 19 8 11 6 13 11 8
I
11 41 6 35 36 5 34
v 32 5 27 28 4 27

Histologic grade 8.647  0.013* 9.815 0.007* 8215  0.016*
Gl 29 13 16 14 15 14 15
G2 68 17 51 48 20 16 52
G3 33 4 29 28 5 6 27

Age 0.188  0.665 0.611 0.435 0986  0.321
<40 42 12 30 31 11 14 28
>40 88 22 66 59 29 22 66

Tumor diameter 0.3957 0.5293 1.449 0.2287 1.098  0.2947
<10 cm 71 17 54 46 25 17 54
>10 cm 59 17 42 44 15 19 40

Metastatic lymph node 5.621 0.018* 20.83  <0.001* 10.611 0.0011%*
Positive 83 16 67 69 14 15 68
Negative 47 18 29 21 26 21 26

Vascular thrombosis 5.247  0.022%* 16.52  <0.001* 5.034  0.025*%
Positive 64 11 53 55 9 12 52
Negative 66 23 43 35 31 24 42
Serum CA-125 level 1.487  0.2227 2.751 0.0972 1.873  0.1711
<35 U/ml 39 13 26 23 16 14 25
>35 U/ml 91 21 70 67 24 22 69

Ascites syndrome 2.169  0.1408 3.210 0.0732 0.0058 0.939
Positive 8 19 67 64 22 24 62
Negative 44 15 29 26 18 12 32

Total 130 34 96 90 40 36 94

* P <0.05
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Associations among 5-hmC, 5-mC, and TET2
expression levels in tumor tissues

The interrelationships among the expression levels of
5-hmC, 5-mC, and TET2 are presented in Table 3. Pear-
son’s Chi square tests revealed that the expression level of
5-mC was significantly inversely associated with those of
5-hmC and TET2 (P < 0.005). Moreover, the expression of
5-hmC was significantly positively associated with TET2
expression (P < 0.005).

Clinical and demographic data of the patients

We reevaluated 2-year data of our center retrospectively
between January 2003 and December 2004. The median
patient age was 51.6 years. A total of 67.4 % of patients
accepted chemotherapy after surgery. The following pa-
rameters were observed in this patient group: histologic
type (serous 55.4 %, mucinous 23.8 %, endometrioid
9.2 %, clear cell 11.5 %), FIGO Stage (I 14.6 %, 11
29.2 %, NI 31.5 %, IV 24.6 %), histologic grade (Gl
22.3 %, G2 52.3 %, G3 25.4 %), tumor diameter (<10 cm
54.6 %, >10 cm 45.4 %), metastatic lymph node (positive
63.8 %, negative 36.2 %), vascular thrombosis (positive
49.2 %, negative 50.8 %), serum CA-125 level (<35 U/ml
30 %, >35 U/ml 70 %) and ascites syndrome (positive
66.2 %, negative 33.8 %).

Prognostic factors for EOC

A total of 130 patients were followed up for up to
96 months, and the end date of the follow-up study was
December 2010. The median survival time of patients was
60 months. During the observation period, 55 patients
(39.3 %) died.

As displayed in Table 4, lymph node involvement, his-
tology grade, and 5-hmC and TET2 expression were in-
dependent significant prognostic factors for OS as shown in
the multivariate model including the clinical factors.
However, the multivariate analysis revealed that 5-mC was
not a significant prognostic factor for OS.

As shown in Fig. 2, low expression of 5-hmC and TET2,
and high expression of 5-mC predicted reduced OS of
patients with EOC.

Discussion

DNA methylation is an important epigenetic modification
and is frequently altered in cancer. Recently, great attention
has been paid to the balance between DNA methylation
and demethylation in epigenetic modification. Previous
studies demonstrated that aberrant DNA methylation in
cancer is not only associated with the repression of chro-
matin related to specific genes, but also with the repression
of large chromosomal regions [18]. Conversion of 5-mC to
5-hmC by the TET family enzymes plays significant bio-
logical roles in embryonic stem cells, aging and disease.
Recent studies found that the level of 5-hmC was altered in
various types of cancers. However, these processes in tu-
mor development are still unclear, especially in EOC.

Recently, the discovery of 5-hmC as a novel DNA
modification marker in mammalian genomes has generated
many questions concerning the role of DNA demethylation
in epigenetic regulation. The 5-mC oxidative pathway
mediated by the TET proteins may be responsible for ac-
tivation or repression of gene expression by associating
with transcriptional repressors or activation factors [12,
19]. Furthermore, altered 5-hmC was observed in different
types of cancers, indicating the 5-hmC pathway may play a
significant role in pathogenesis of cancers [17, 20-23].
However, whether the level of 5-hmC is altered in EOC,
and whether there is an association between the altered
5-hmC and outcome of patients with EOC has not been
clear.

Thus, in this study, we investigated the levels of 5-hmC,
TET2, and 5-mC in EOC and normal ovarian tissues. By
immunohistochemistry, we discovered significantly lower
expressions of 5-hmC and TET2 in EOC compared with
normal ovarian tissues. Meanwhile, a higher expression of
5-mC was observed in EOC compared with normal ovarian
tissues despite large variations between the samples. Our

Table 3 Associations among the expression levels of 5-hmC, TET2 and 5-mC

5-hmC X2 P TET2 x> P
High (n = 34) Low (n = 96) High (n = 36) Low (n = 94)
5-hmC 31.5 <0.005
High (n = 34) 22 12
Low (n = 96) 14 82
5-mC 24.89 <0.005 21.52 <0.005
High (n = 90) 12 78 14 76
Low (n = 40) 22 18 22 18
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Table 4 Multivariate analysis

A . Variable Hazard ratio 95 % CI P value
of prognostic variables for
overall survival Tumor size (cm) (T < 10 cm vs. T > 10 cm) 226 (0.84, 6.07) 0.102
Lymph node involvement (no vs. yes) 2.72 (1.08, 6.87) 0.035*
FIGO Stage (Il + I vs. IIT + VI) 0.78 0.41, 1.54) 0.476
Histology grade (grade 1 + 2 vs. grade 3) 1.83 (1.08, 3.11) 0.034*
5-hmC (low vs. high) 2.03 (1.22, 3.46) 0.007*
5-mC (low vs. high) 1.84 (0.85, 4.14) 0.274
TET2 (low vs. high) 0.32 (0.14, 0.76) 0.013*
*P < 0.05
Fig. 2 Kaplan—Meier curves of 150+ 150-
overall survival according to
5-hmC, TET2 and 5-mC = 5 -
expression in EOC. P value was ; 100+ e highi(a=34) s 100-
< > 5.mC low (n-40)
calculated by the log-rank test 2 5 QY-:-\“L—‘
3 o \
g 501 5.nmC low (n=96) S s . 5.mC high (n=90)
) L I 3 . A
3 p<0.001 p<0.001
0 50 100 150 o 5 . o
Time after surgery(M) Time after surgery(M)
150+
g
‘S 100+
g wigh (n=36)
(]
T N\
g 50 N, TET2low (n-94)
p<0.001 o
0 T Y "
0 50 100 150
Time after surgery(M)

findings show that increased 5-mC level coincides with
decreased 5-hmC and TET2 levels in EOC tissues. These
data suggest that the status of DNA methylation may be
based on the balance of 5-mC and 5-hmC, and that DNA
methylation may be reversible in EOC tumor cells.

Our results were consistent with previous research
findings of reduced levels of 5-hmC in other types of
cancers [20]. In our study, we demonstrated that low levels
of 5-hmC and TET2 and high levels of 5-mC in EOC
correlated with pathologic stage, tumor grading, metastatic
lymph node and vascular thrombosis. Moreover, the re-
duced 5-hmC and TET?2 levels, and increased 5-mC levels
were associated with poor OS. Together these data show
that decreased level of 5-hmC predicts poor prognosis of
EOC patients. Our data suggest that 5-hmC may act as a
prognostic marker for EOC, and that the decreased ex-
pression of TET2 is likely one of the mechanisms under-
lying 5-hmC loss in EOC. Our results also imply that loss
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of 5-hmC is an epigenetic event in EOC. Interestingly, the
distribution and expression of TET2 corresponded to the
expression pattern of 5-hmC, which indicates a possible
role for TET2 in the loss of 5-hmC expression during
carcinogenesis in EOC. This is consistent with the findings
by Lian and co-workers, who reported that downregulation
of TET2 is one mechanism contributing to the loss of
5-hmC in melanoma [22]. The authors also concluded that
increasing TET?2 led to re-establishing the 5-hmC level in
melanoma cells in vitro and a less aggressive tumor phe-
notype in an animal model [22].

Our study proves that the loss of 5-hmC in EOC does
not result from decreased levels of 5-mC, the substrate of
5-hmC. One study on melanoma suggested that a decrease
of 5-hmC leads to an accumulation of 5-mC in melanoma
[22]. These findings were further supported by Gambichler
et al. [24], who found significantly reduced levels of
5-hmC but no significant reduction of 5-mC in melanoma
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compared with benign nevi. Loss of 5-hmC has been
suggested as a diagnostic biomarker for melanoma [22].
Our findings indicate that loss of 5-hmC may also have a
prognostic value in EOC. A marker enabling early diag-
nosis is of great significance to improve the prognosis of
EOC [25]. Further studies are required to investigate
whether pre-malignant lesions express low levels of
5-hmC, and if so, whether they show a higher risk of
malignant transformation. Our study indicates that loss of
5-hmC is an epigenetic event in EOC, and that the ex-
pression of TET2 enzyme corresponds to the expression of
its product, 5-hmC.

Taken together, our results revealed that 5-hmC ex-
pression is a strong independent predictor for reduced OS,
suggesting its prognostic value in EOC. Therefore, we
propose that 5-hmC could be a useful marker to predict the
prognosis of EOC in clinical practice. Furthermore, 5-hmC
may perform an important function in the epigenetic
regulation of EOC development.
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