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Abstract. Esophageal squamous cell carcinoma (ESCC) is a 
highly aggressive malignancy, requiring effective biomarkers 
for prognosis and therapeutic responsiveness. Histone H3K9 
methyltransferases (EHMT1 and EHMT2) are global genome 
organizers, which are crucial for maintaining the balance 
state of cells in a tissue‑specific manner. It was previously 
suggested that EHMT1 expression is a predictor of prog-
nosis in several malignant tumors; however, the prognostic 
significance of EHMT1 expression in ESCC has not been 
determined. A cohort of 50 ESCC cases and 46 paired normal 
esophageal tissue samples were evaluated to assess the levels 
of EHMT1 expression by immunohistochemistry and reverse 
transcription‑polymerase chain reaction. The SPSS software 
package was used for statistical data analysis. A significantly 
upregulated EHMT1 expression was observed in squamous 
preinvasive lesions and ESCC compared to the matched 
normal esophageal epithelia (52.0 vs. 21.7%, respectively). The 
expression of EHMT1 was correlated with tumor grade (G), 
depth of invasion (T) and lymph node metastasis (N) in ESCC. 
EHMT1 overexpression was found to be associated with 
poor cancer‑specific survival in squamous cell carcinomas 
(χ2=3.922, P=0.048). The expression of EHMT1 was identi-
fied as an independent prognostic factor for overall survival in 
ESCC patients. In conclusion, EHMT1 expression is upregu-
lated in ESCC and early preinvasive esophageal squamous 
lesions and the overexpression of EHMT1 is associated with 
poor prognosis in ESCC. Therefore, the expression of EHMT1 
may be an effective prognostic biomarker for ESCC.

Introduction

Esophageal squamous cell carcinoma (ESCC) is a highly 
aggressive malignancy, with early lymphatic and hematogenous 
metastasis. The treatment of ESCC primarily relies on classical 
treatment modalities including surgery, radiotherapy and chemo-
therapy, or a combination of these methods; however, the outcome 
has not improved significantly (1). The poor prognosis of ESCC 
may improve with a greater understanding of the molecular basis 
of this disease, with a focus on molecular risk markers that may 
lead to improved detection and treatment strategies.

ESCC develops through the accumulation of genetic and 
epigenetic abnormalities, evolving from preinvasive lesions 
to invasive esophageal cancer, with the malignant cells 
commonly exhibiting abnormal histone expression. EHMT1 is 
an important subunit of H3K9 methyltransferases. The highly 
similar euchromatic H3K9 methyltransferases EHMT1 and 
EHMT2 (also referred to as GLP and G9a, respectively) form 
a heteromeric complex and the loss of either one significantly 
reduces mono‑ and dimethylation of H3K9, a marker of silent 
euchromatin (2), which is a procedure crucial for the transcrip-
tion, signal transduction, proliferation and differentiation of 
cells (3,4). EHMT1 has also been recognized for its ability to 
methylate histone H1.4, as well as other non‑histone proteins, 
including itself (5‑7). EHMT1 binds to its H3K9me1 products 
via ankyrin repeat domains, which contain a hydrophobic 
cage present in methyllysine‑binding modules of diverse folds. 
Therefore, it is hypothesized that the disruption of EHMT1 
may also result in major alterations in gene expression patterns 
that may contribute to cell canceration.

It was previously suggested that disordered histone meth-
ylation may induce tumorigenesis (8). However, our knowledge 
of the expression and clinical significance of EHMT1 in ESCC 
and peripheral tissues is limited; therefore, thorough investi-
gation of the EHMT1 expression in ESCC and the normal 
peripheral esophageal epithelium is required. In our study, 
we analyzed EHMT1 expression in a cohort of 50 patients 
and demonstrated that EHMT1 expression was significantly 
upregulated in squamous preinvasive lesions and ESCC, with 
the expression of EHMT1 in ESCC being associated with 
tumor grade, depth of invasion and lymph node metastasis. 
This clinical case study verified that the expression of EHMT1 
predicted poor cancer‑specific survival in human ESCC. This 
study also demonstrated that the expression of EHMT1 may be 
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a novel prognostic biomarker for ESCC and a potential target 
for clinical treatment.

Materials and methods

Clinical samples. A total of 50 patients who underwent resec-
tion for ESCC between 2003 and 2007 at the Department 
of Thoracic Surgery, the First Affiliated Hospital of China 
Medical University, were included in this study. None of these 
patients had received chemotherapy or radiotherapy prior to 
surgery. The tumor specimens were either cut immediately 
after removal from the resected esophagus, frozen in liquid 
nitrogen and stored at ‑80˚C, or fixed in 10% formalin and 
embedded in paraffin for histopathological analysis. All the 
cases were independently classified by two experienced 
pathologists as ESCC, according to the guidelines of the World 
Health Organization. The criteria of the tumor‑node‑metastasis 
(TNM) staging system were used to classify the clinico-
pathological factors and clinical stages of esophageal cancer 
(defined by the International Union Against Cancer TNM 
Classification of Malignant Tumors, 7th edition, 2009). The 
patients provided signed informed consent and were subjected 
to close follow‑up. The patient sample comprised 40 men and 
10 women, with a mean age of 63 years (range, 41‑84 years) 
at the time of surgery. A summary of the clinicopathological 
characteristics is presented in Table I. The median follow‑up 
time after surgery was 30 months (range, 3‑60 months).

This study was approved by the Human Research Ethics 
Committee of China Medical University, which is accredited 
by the National Council on Ethics in Human Research.

Immunohistochemistry. Immunohistochemical studies 
on EHMT1 were per for med on for mal in‑f ixed, 
paraffin‑embedded tissue sections obtained from the 
50 ESCC patients. The tissue sections were deparaffinized 
and boiled in 0.01 mol/l sodium citrate buffer (pH=6.0) in a 
1,000‑Watt microwave oven for 10 min to retrieve cell anti-
gens. Rabbit monoclonal anti-EHMT1 was used as primary 
antibody (1:100 dilution; Abcam, Cambridge, UK). The 
tissue sections were immunohistochemically stained using 
the avidin‑biotin‑peroxidase method and counterstained with 
hematoxylin.

Evaluation of immunostaining for EHMT1. The staining was 
scored by two independent investigators who were blinded 
to the patient outcomes. The sections were evaluated at 
low magnification (x100) to identify areas of even EHMT1 
staining. The percentage of positively stained cells was calcu-
lated among >400 tumor cells. The expression of EHMT1 was 
scored by staining intensity and percentage of cells exhibiting 
nuclear staining as follows: negative expression, negative or 
weak staining in all the tumor cells or moderate staining in 
<25% of the tumor cells; positive expression, moderate or 
strong staining in >25% of the tumor cells. Any discrepancies 

Table Ι. Association between EHMT1 expression and clinicopathological data of esophageal squamous cell cancer.

	 EHMT1 expression
Clinicopathological	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ --------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
parameters	 Νο.	 Positive	 Negative	 Positivity rate (%)	 χ2	 P‑value

Age (years)					     0.002	  0.963
  ≤60	 21	 11	 10	 52.4
  >60	 29	 15	 14	 51.7
Gender					     0.020	  0.887
  Male	 40	 21	 19	 52.5
  Female	 10	 5	 5	 50.0
Tumor grade					     12.426	 0.002a

  G1	 14	 6	 8	 42.9
  G2	 20	 6	 14	 30.0
  G3‑4	 16	 14	 2	 87.5
Depth of invasion					     9.992	 0.002a

  T1‑2	 18	 4	 14	 22.2
  T3‑4	 32	 22	 10	 68.8
Lymph node metastasis					     14.753	 0.001a

  N0	 28	 8	 20	 28.6
  N1	 16	 14	 2	 87.5
  N2‑3	 6	 4	 2	 66.7
Tumor stage					     32.902	  0.000a

  I	 10	 2	 8	 20.0
  II	 18	 6	 12	 33.3
  III‑IV	 22	 18	 4	 81.8

aStatistically significant difference.
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were jointly re‑evaluated by the investigators and a consensus 
was obtained.

Quantitative reverse‑transcription polymerase chain reac‑
tion (qRT‑PCR). Total RNA was extracted from ESCC cells 
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instructions and reverse‑tran-
scribed using the SuperScript Ⅲ RT‑PCR system (Invitrogen) 
according to the manufacturer's protocol. cDNA (1 µl) was 
used for PCR amplification. The cDNA templates included 
the GLP fragment (179 bp) with primers 5'‑TTC AAG CAA 
TTT TCC TGT CT‑3' (forward) and 3'‑CAT TAA TCC CAG 
CAC TTT GG‑5' (reverse) and the internal control β‑actin 
gene (314 bp) with primers 5'‑TCC TGT GGC ATC CAC 
GAA ACT‑3' (forward) and 3'‑GAA GCA GCA TTT GCG 
GTG GAC GAT‑5' (reverse). The thermal cycle reactions 
were performed at annealing temperatures of 57.5˚C for 
EHMT1 and 55.5˚C for β‑actin, for a total of 26 cycles. The 
products were electrophoresed on 1.2% agarose gel 
containing ethidium bromide and visualized and photo-
graphed under UV light.

Statistical analysis. Data were analyzed with the SPSS soft-
ware, version 17.0 (SPSS Inc., Chicago, IL, USA) and are 
representative of at least three independent experiments with 
similar results. The correlation between the EHMT1 expres-
sion and the clinicopathological parameters was assessed by 
the χ2 test and bivariate analysis. Survival curves were calcu-
lated by the Kaplan‑Meier product‑limit estimate method and 
examined with the log‑rank test. The significance of multiple 
predictors of survival was assessed by the Cox regression 
analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

EHMT1 expression in esophageal squamous preinvasive 
lesions and ESCC. The immunohistochemical staining for 
EHMT1 was most prominent in the nuclei of the ESCC cells. 
EHMT1 was also strongly expressed in the proliferative esoph-
ageal epithelium. However, the expression of EHMT1 was low 
in the normal esophageal epithelial cells (Fig. 1A). The expres-
sion of EHMT1 differed significantly between ESCC and the 
normal esophageal squamous epithelium (Table II).

The RT‑PCR analysis indicated that the expression of 
EHMT1 was significantly stronger in cancer tissues compared 

Table ΙI. EHMT1 expression in esophageal squamous cell cancer and normal esophageal squamous epithelium.

	  EHMT1 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ -------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 Νο.	 Positive	 Negative	 Positivity rate (%)	 χ2	 P‑value

Esophageal cancer	 50	 26	 24	 52.0	 9.361	 0.002a

Normal esophageal epithelium	 46	 10	 36	 21.7

aStatistically significant difference.

Figure 1. EHMT1 expression in esophageal squamous cell carcinoma (ESCC). (A) Immunohistochemical results: (A‑a) EHMT1 expression in normal esophageal 
epithelium (black arrow) and ESCC (red arrow); (A‑b) EHMT1 expression in atypical hyperplastic esophageal epithelium (blue arrow) and ESCC (red arrow); bar, 
20 µm. (B) RT‑PCR analysis of EHMT1 in ESCC. mRNA expression levels in: lane M, marker; lane 1, normal esophageal tissue; lane 2, well- and moderately 
differentiated ESCC (G1‑2); lane 3, poorly differentiated ESCC (G3‑4); lane 4, tumor depth of invasion T1‑2; lane 5, tumor depth of invasion T3‑4; lane 6, lymph 
node metastasis‑negative; lane 7, lymph node metastasis‑positive (N1); lane 8, lymph node metastasis‑positive (N2‑3). β‑actin was used as internal control.

Figure 2. Kaplan‑Meier curves of overall survival (OS) in esophageal squa-
mous cell cancer (ESCC) patients. The 5‑year OS rates were 41.7 and 15.4% in 
ESCC patients with negative (n=24) and positive EHMT1 expression (n=26), 
respectively. The difference between the EHMT1‑negative and -positive 
expression groups was statistically significant (P=0.048). Cum, cumulative.

  A   B
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to the corresponding normal tissues. At the RNA level, the 
overexpression of EHMT1 in human ESCC tissues was corre-
lated with tumor grade, depth of invasion and lymph node 
metastasis (Fig. 1B). These findings were in concordance with 
the immunohistochemical data.

Association between EHMT1 expression and clinico‑
pathological findings of ESCC. The correlation between the 
expression of EHMT1 and the clinicopathological character-
istics of ESCC patients is summarized in Table I. The results 
demonstrated that the expression of the EHMT1 protein was 
not correlated with age and gender. However, EHMT1 expres-
sion was significantly correlated with tumor grade, depth of 
invasion, lymph node metastasis and tumor stage (P<0.05).

Survival analysis and prognostic significance of EHMT1 
expression. The correlation between survival and EHMT1 
expression was evaluated in the 50 cases with operable ESCC. 
A significant difference was observed when the patient cohort 
was stratified by the level of EHMT1 expressions. Of note, 
patients with ESCC who exhibited high expression levels of 
EHMT1 had a lower survival rate compared to that of patients 
without high EHMT1 expression (χ2=3.922; P=0.048) (Fig. 2). 
The multiple predictors of survival assessed by the Cox regres-
sion analysis identified EHMT1 expression as an independent 
prognostic factor for overall survival in ESCC patients (hazard 
ratio=1.605; 95% confidence interval: 1.037‑2.485; P=0.034)
(unpublished data).

Discussion

EHMT1 is a subunit of histone methyltransferases. Although 
previous studies identified EHMT1 as a regulator of tumor 
progression  (9), the clinicopathological significance of 
EHMT1 expression in ESCC has not been fully elucidated. 
In the present study, EHMT1 expression was shown to be 
higher in ESCC and the proliferative esophageal epithelium 
compared to that in normal esophageal tissues and its expres-
sion was correlated with poor prognosis. To the best of our 
knowledge, this is the first study on the association between 
EHMT1 and ESCC.

Histone H3K9 methyltransferases (EHMT1 and EHMT2), 
originally identified by their ability to interact with histones 
in cells through the methylation of heterochromatin, are 
considered to be crucial in maintaining the balance state of 
cells. EHMT1̸EHMT2 may catalyze the dimethylation of 
H3K9, a process that represses gene transcription in euchro-
matic cells (10,11). A previous study by Bird indicated that 
the methylation of H3K9 may exert an effect on DNA meth-
ylation, directly or indirectly (12). H3K9 methylation directs 
CpNpG methylation and was shown to be necessary for DNA 
methylation in fungi (13,14). DNA methylation is crucial in 
the regulation of gene expression and chromatin organiza-
tion within normal eukaryotic cells. EHMT1̸EHMT2 is also 
required for the maintenance of DNA methylation at endog-
enous retrotransposons, imprinted loci and other genes present 
in differentiated cells (15). A recent study also revealed that 
EHMT1 is required for the DNA methylation of cancer germ-
line and genomic DNA in mouse embryonic stem cells (16). 
The direct effect reverse to methylation is demethylation; 

however, histone methylation is considered to be irreversible 
and, once it occurs, such a change may be present for the 
entire cell life span and may even be transferred to the next 
generation. In cancer cells, alterations of the global patterns 
of DNA methylation are considered to be normal (17). DNA 
hypermethylation of certain CIMP (colorectal tumors with a 
CpG island methylator phenotype)‑associated gene promoters 
was detected during the early stages of colorectal tumori-
genesis  (18). Moreover, promoter DNA methylation of the 
ERG gene is a common event in human prostate cancer (19). 
It was also proven that aberrant DNA methylation is associ-
ated with chronic myelogenous leukemia progression and that 
DNA methylation may be a marker associated with imatinib 
resistance (20). These results suggested an association between 
histone methylation and cancer progression.

In our study, we selected 50 cases of patients with operable 
ESCC. The results confirmed that the expression of EHMT1 
was higher in ESCC and the atypical hyperplastic esophageal 
epithelium compared to that in normal esophageal tissues, by 
using immunohistochemistry and RT‑PCR. EHMT1 may be 
a key molecular marker for the progression of human ESCC. 
Moreover, EHMT1 expression was also associated with tumor 
grade, depth of invasion, lymph node metastasis and tumor 
stage.

It was also verified that the EHMT2 expression pattern 
in ESCC was similar to the EHMT1 expression pattern, 
using immunohistochemistry with an anti-EHMT2 antibody 
(1:80 dilution; BD Biosciences, Franklin Lakes, NJ, USA 
(unpublished data). This confirmed that in ESCC or atypical 
hyperplastic esophageal squamous epithelia, the expression 
level of each histone methyltransferase subunit may rise 
aberrantly and the process of histone methylation becomes 
disordered.

Our study also demonstrated that the expression of 
EHMT1 was positively correlated with lower survival in 
ESCC. Therefore, the expression of EHMT1 may serve as a 
prognostic factor for predicting the outcome of ESCC patients. 
Thus, the detection of EHMT1 aberrations may be a useful 
biomarker to identify ESCC patients with poor prognosis.

In conclusion, our data indicated that EHMT1 expression 
is elevated in human ESCC and may play a significant role in 
human ESCC progression. Our analysis of clinical studies also 
demonstrated that the expression of EHMT1 may be a useful 
biomarker predicting ESCC progression and prognosis.
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