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Abstract. DNA methylation plays an important role in
tumorigenesis and development. The potential of aberrant
DNA methylation to act as a biomarker for tumor diagnosis
and prognostic evaluation is currently being explored. Lactate
dehydrogenase C4 (LDH-C4) is a member of the cancer/testis
antigen family that is expressed in a broad range of human
tumor types, with particularly high expression patterns
observed in lung cancer, melanoma and breast cancer.
However, whether the methylation of the promoter region of
LDH-C4 can be used as a tumor marker and its association
with prognosis remain poorly understood. The present study
aimed to determine the potential of the methylation status
of LDH-C4 and DNA methyltransferase (DNMT) expres-
sion to be biological markers for the prognostic evaluation
of breast cancer. Methylation-specific PCR was conducted
to evaluate alterations in the methylation levels of LDH-C4.
Immunohistochemical analysis was performed to assess the
expression levels of DNMTs in breast cancer tissues. The
association between the methylation status of LDH-C4 or the
expression of DNMTs, and clinical pathological parameters
was also evaluated. The results of the present study revealed
that the demethylation rate of LDH-C4 in breast cancer tissues
was significantly increased compared with that of adjacent
tissues, and associations were identified between the demethyl-
ation of LDH-C4 and the histological grade, estrogen receptor,
progesterone receptor and HER-2 status, and lymph node
metastasis. The level of LDH-C4 demethylation was negatively
correlated with the expression of DNMTs. Demethylation of
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the LDH-C4 promoter and DNMT expression predicted an
unfavorable prognosis of patients with breast cancer. In addi-
tion, demethylation of the LDH-C4 promoter, high expression
of DNMT3a and DNMT3b, histological grade and lymph node
metastasis were all discovered to be independent prognostic
factors in patients with breast cancer. In conclusion, results of
the present study indicated that the demethylation of LDH-C4
and DNMT expression levels may be closely associated with
the occurrence and development of breast cancer, in addition
to lymph node metastasis. Thus, both may be used to assist the
clinical evaluation of prognosis.

Introduction

Breast cancer is the most common type of cancer and the leading
cause of cancer-related mortality in women worldwide, with an
estimated 2.26 million cases and 680,000 deaths worldwide in
2020 (1). In recent years, the survival rates have improved due to
extensive research being conducted on the biological behavior of
breast cancer cells (2,3). However, once patients fail to respond
to the traditional treatment, their quality of life and survival
rate is significantly decreased (4). Therefore, it is important to
identify novel tumor markers and reliable prognostic indicators
to guide decision making during the treatment of breast cancer
to improve disease outcomes and survival.

Lactate dehydrogenase C4 (LDH-C4) is a tumor
testis-associated antigen, which has been discovered to play an
important role in the development of numerous different types
of tumor, such as lung cancer, breast cancer and renal cell
carcinoma. A previous study found that LDH-C4 expression
was associated with tumorigenesis and metastasis in several
cancer types, including breast cancer (5). The LDH-C4 gene
is located on chromosome 11, and is the secondary replication
product of the LDH-A gene (6).

At present, research into the regulation of the LDH-A gene
is relatively mature (7), but the specific transcriptional regula-
tory mechanism of LDH-C4 remains unclear, to the best of
our knowledge. It was previously reported that the integrity
of the GC box and Cre site, SP and cAMP response element
binding protein 1 transcription factors, and CpG methylation
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were involved in the activation and expression of the LDH-C4
gene (8,9). DNA methylation is an epigenetic marker involved
in the process of gene expression regulation; it is functionally
equivalent to changes at the genetic level and reverses gene
silencing. Abnormal DNA methylation plays an important
role in the clinical diagnosis and prognosis of various tumor
types, such as lung, breast and prostate cancer (10). Although
numerous studies have reported the biological functions of
LDH-C4 in healthy and cancerous tissues, to the best of our
knowledge, no previous study has investigated the methyla-
tion status of LDH-C4 in breast cancer. DNA methylation is
catalyzed by DNA methyltransferases (DNMTs) (11). Results
of a previous study demonstrated that the expression levels of
DNMTs were significantly upregulated in a number of tumor
types (11), which often preceded the abnormal methylation
pattern. The increase in DNMT activity promotes the deami-
nation of methylated cytosine, increases the rate of cytosine
to thymine transitions, and promotes the occurrence of point
mutations in the DNA (11). It also promotes the hypermethyl-
ation of tumor suppressor genes, silences their expression and
inhibits their tumor-suppressive effects (12). It was previously
demonstrated that DNMTs were abnormally expressed in
breast cancer (13). However, little research has been conducted
on the association between DNMTs and the methylation of
LDH-C4.

The present study aimed to determine the potential of
LDH-C4 gene methylation and DNMT expression to act as
biomarkers for the prognostic evaluation of breast cancer. In
total, 136 breast cancer and adjacent tissues were collected,
and methylation-specific PCR (MSP) was used to detect the
methylation level of LDH-C4. Immunohistochemical (IHC)
analysis was performed to measure the protein expression
levels of DNMTs. The correlation between the methylation
status of the LDH-C4 promoter and the expression of DNMTs
was analyzed, and the association between patient clinico-
pathological parameters and prognosis was explored.

Materials and methods

Patient studies. Primary breast cancer and corresponding
adjacent healthy tissues were obtained from 136 women
patients with breast cancer (age range, 42-75 years old)
following surgical resection at The Third Clinical Hospital
of Hebei Medical University (Shijiazhuang, China) between
July 2019 and December 2020. Data on the clinicopatho-
logical characteristics of each patient were obtained from the
hospital records and pathological diagnosis, The patients did
not receive chemotherapy, radiotherapy, endocrine therapy
or other associated treatment before operation. The present
study was approved by the Ethics Committee of The Third
Clinical Hospital of Hebei Medical University (approval
no. 2021-034-5) and all patients provided written informed
consent prior to participation.

MSP. MSP was performed to detect the methylation status
of LDH-C4. Briefly, the genomic DNA was extracted from
tissues using the phenol chloroform method. The tissues were
put into the EP tube and lysis buffer 3-mercaptoethanol and
protease K were added in a 56°C water bath. DNA extract was
added, mixed well and centrifuged (11,433 x g; 7 min; 4°C).

The supernatant was collected and added to double the volume
of isopropanol at- 20°C for 10 min, and centrifuged again
(11,433 x g; 7 min; 4°C). The supernatant was removed and
70% ethanol was added into the precipitation, mixed well and
centrifuged (11,433 x g; 7 min; 4°C). The precipitation was
collected and dried, ddH20O was added and the concentration
was measured using ultra-micro ultraviolet spectrophotom-
eter (Shanghai Ruiyue Experimental Equipment Co., Ltd.).
Subsequently, the DNA was modified and purified using
a hydrogen sulfite modification kit containing a DNA poly-
merase (Shanghai Yubo Biological Technology Co., Ltd.).
Subsequently, a total of 3 ul modified DNA was used as a
template for PCR amplification, which was performed using the
following reaction conditions: Initial denaturation at 95°C for
4 min, followed by 35 cycles of denaturation at 95°C for 45 sec,
annealing at 60°C for 30 sec and extension at 72°C for 30 sec,
and a final extension step at 72°C for 10 min. The PCR prod-
ucts were analyzed using 2% agarose gel electrophoresis and
by UV gel electrophoresis imaging and a gel image analyzer.
All PCR reactions were repeated in triplicate. The methyl-
ated (M) and unmethylated (U) primers of LDH-C4 were as
follows: (M) forward, 5"TCTGGGGTGTAGCGGTCGTC-3'
and reverse, 5'-GCCCACATACTAAATCACGCG-3"; and
(U) forward, 5'-GTAGTTTGGGGTTGAGTGGTTGTT-3' and
reverse, 5-CACCCCCAATACATAATCACAACA-3'. Normal
placental DNA modified by CpG methyltransferase was used
as the positive control for MSP amplification. Deionized water
was used as the blank control.

IHC analysis. Paraffin-embedded tissue sections (4 ym)
were deparaffinized in xylene and rehydrated using a graded
alcohol series. The sections were subsequently washed with
PBS (pH 7.2) for 5 min and heated in a microwave oven for
5 min at 65°C in 10 mmol/l sodium citrate buffer (pH 6.0) for
antigen retrieval. The sections were subsequently washed with
PBS and immersed in 0.3% hydrogen peroxide in methanol
for 20 min at room temperature. After washing with PBS,
the sections were incubated in 1:10 normal goat serum (5%;
Shanghai Yanjin Biotechnology Co., Ltd.) at room temperature
in a humidified chamber for 45 min to prevent non-specific
immunoglobulin binding. The sections were subsequently
incubated with rabbit anti-DNMT]1 (cat. no. ab19905),
anti-DNMT3a (cat. no. ab226261) and anti-DNMT3b
(cat. no. ab2851) polyclonal antibodies (all 1:500; Abcam)
at 4°C overnight; the primary antibody was replaced with
normal IgG to serve as the control. The sections were then
thoroughly washed with PBS three times, and incubated with
goat anti-rabbit polyclonal antibody (1:100; cat. no. ZB-2010;
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.)
at 37°C for 30 min, followed by washing 3 times with PBS.
Then, the horseradish peroxidase (HRP)-conjugated strepta-
vidin working solution was added and incubated C for 30 min.
A streptavidin-biotinylated HRP-based detection system
(Shanghai Hexing Biological Technology Co., Ltd.) was used
to determine the specific binding of each antibody. Sections
were subsequently counterstained with hematoxylin at room
temperature for 5 min and prepared for visualization using a
light microscope in high power field.

The expression was determined by the intensity of
the positive cells using ImageJ software (v1.8.0; National
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Figure 1. LDH-C4 methylation analysis of breast cancer specimens. The methylation status of the promoter region of LDH-C4 was determined using methyl-
ation-specific PCR. Cases 1 and 2, unmethylated; cases 3 and 4, methylated. U-PC, healthy placental DNA was used as the positive control for demethylated
alleles; M-PC, in vitro healthy placental DNA treated with CpG methyltransferase was used as the positive control for methylated alleles. M, methylated;
U, unmethylated; LDH-C4, lactate dehydrogenase C4; U-PC, unmethylated positive control; M-PC, methylated positive control.
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Figure 2. Immunohistochemical analysis of the expression levels of DNMTs in breast cancer and adjacent healthy tissues. Negative expression of (A) DNMT1,
(B) DNMT3b and (C) DNMT3b in adjacent healthy tissues. Magnification, x20. Positive expression of (D) DNMTI, (E) DNMT3a and (F) DNMT3b in breast
cancer specimens. Magnification, x20. Arrows indicate protein expression in nucleus. DNMT, DNA methyltransferase.

Institutes of Health). Briefly, the area of positive staining was
scored using the following scale: 0-2, negative expression;
3-7, positive staining (of those, 3-4, weak positive expression;
and 5-7, strong positive expression). The staining intensity was
graded as follows: 0, no staining; 1, mild staining; 2, moderate
staining; and 3, intense staining. The staining intensity and
positive staining scores were multiplied together, and scores <4
indicated negative expression, while scores =4 indicated posi-
tive expression.

Statistical analysis. Statistical analysis was performed
using SPSS 22.0 software (IBM Corp.). Enumeration data
were expressed using rate. The association between DNMT
expression or the methylation status of the promoter region of
LDH-C4 and clinicopathological risk factors was statistically
evaluated using a y? or Fisher's exact test. The correlation
between the methylation status of the LDH-C4 promoter
and the expression levels of DNMTs was detected using
Spearman's rank correlation analysis. The overall survival of
patients was estimated using the Kaplan-Meier method, and
statistical differences between the groups were determined
using a log-rank test. Univariate and multivariate analyses of
overall survival according to prognostic factors were analyzed
using Cox regression analysis. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Methylation status of the promoter region of LDH-C4 in breast
cancer tissues. Using the MSP method and primers designed to
amplify the promoter region of the LDH-C4 gene, it was revealed
that a marked proportion of breast cancer tissues had low levels
of methylation compared with adjacent healthy tissues. In total,
59 of the 136 (43.38%) breast cancer tissues samples contained
methylation patterns in the promoter region of the LDH-C4
gene, while 121 of the 136 (88.97%) corresponding adjacent
healthy tissue samples contained methylation in the promoter
region of the LDH-C4 gene (Fig. 1).

Expression of DNMTI, DNMT3a and DNMT3b in breast
cancer tissues. To determine whether the methylation status of
the LDH-C4 promoter region was correlated with the protein
expression levels of DNMTs, their expression levels were
analyzed in breast cancer and corresponding adjacent healthy
tissues using IHC analysis. As shown in Fig. 2, DNMT]I,
DNMT3a and DNMT3b expression levels were observed in the
nuclei of breast cancer cells. DNMT1, DNMT3a and DNMT?3b
were positively expressed in 11.76,9.56 and 16.18% of adjacent
healthy tissues, respectively, while DNMT1, DNMT3a and
DNMT?3b positive expression was found in 35.29, 41.91 and
39.71% of breast cancer tissues, respectively.
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Table I. Association between methylation of LDH-C4 promoter and DNMT expression and the clinicopathological factors of
patients with breast cancer.

LDH-C4 DNMT1, % DNMT3a, % DNMT3b, %
Clinicopathological Total
factor (m) U M P-value High Low P-value High Low P-value High Low P-value
Age, years 0.967 0.456 0.792 0.643
<50 64 38 26 21 43 25 39 24 40
>50 72 40 32 22 50 29 43 25 47
Menopausal status 0.603 0.397 0.541 0.784
Pre- 66 46 20 23 43 27 39 25 41
Post- 70 39 31 24 46 24 46 24 73
Tumor size, cm 0.128 0471 0.593 0.354
<2 74 40 34 26 48 28 46 31 43
>2 62 37 35 22 40 28 34 21 41
Tumor histology 0.087 0.174 0.237 0.0782
Ductal carcinoma 126 90 36 58 68 34 92 48 78
Lobular carcinoma 9 4 5 2 7 5 4 3 6
Other 1 1 0 0 1 0 1 0 1
TNM stage 0.689 0.258 0.264 0.741
I 42 30 12 9 33 10 32 15 27
I 63 32 31 29 34 37 26 23 40
I 21 13 8 4 17 5 18 9 12
ER 0.027 0.031 0.011 0.073
+ 90 51 39 41 49 38 52 44 46
- 46 21 15 28 18 24 22 25 21
PR 0014 0.046 0.136 0.364
+ 82 50 32 25 57 32 50 36 46
- 54 24 30 27 27 22 32 20 34
Ki-67 0.734 0.828 0.044 0.475
<30% 28 21 7 9 18 13 15 11 17
>30% 108 79 29 37 71 28 100 56 52
HER-2 0014 0.0201 0.117 0.602
+ 41 35 6 13 28 16 25 19 21
- 95 60 35 46 49 38 57 40 55
Lymph node metastasis 0014 0.001 0.006 0.026
With 71 35 36 41 30 38 33 32 39
Without 65 21 44 15 50 17 48 18 47
Histological grade 0.034 0.043 0.026 0.039
I 43 20 23 18 25 21 24 19 24
I 61 35 26 20 41 26 35 24 37
I 22 16 6 9 13 11 11 8 14

LDH-C4, lactate dehydrogenase C4; DNMT, DNA methyltransferase; U, unmethylated; M, methylated; ER, estrogen receptor; PR, proges-
terone receptor; Ki-67, antigen Ki-67.

Clinical correlation between DNMT expression and the
methylation status of the promoter region of LDH-C4 and
the clinicopathological factors of patients with breast cancer.
To further explore the possible effects of the methylation of
LDH-C4 and DNMT expression in breast cancer, the correla-
tion between the methylation status of the promoter region of
LDH-C4 and DNMT expression, and the clinicopathological

factors of patients with breast cancer was determined. As
shown in Table I, the methylation status of the promoter
region of LDH-C4 was not associated with age, menopausal
status, tumor size, tumor histology, TNM stage or antigen
Ki-67 (Ki-67) expression (Ki-67 is associated with poor
clinicopathological factors (14) in breast cancer), but was
significantly associated with histological grade, estrogen



ONCOLOGY LETTERS 23: 35, 2022

=t LDH-C4 Unmethylation (n=77)

°
3

°
&

°
S

Fraction survival >
g

P<0.05 A

e

Fraction survival

.0+ T T T T T )
0 20 40 60 80 100 120 0 T T T T T 1
0 20 40 60 80 100 120
Overall survival time (months)
Overall survival time (months)

-~ DNMT3a Low+LDH-C4 Methylation (y=48)

-~ DNMT3a High+ LDH-C4 Methylation or
DNMT3a Low+ LDH-C4 Unmethylation (n=51)

~L- DNMT+a High+LDH-C4 Unmethvlation (n=37)

~— DNMT1 Low+LDH-C4 Methylation (3=34)

-~ DNMTI1 High+ LDH-C4 Methylation or F
I E, DNMT1 Low+ LDH-C4 Unmethylation (n=73) Lo
~L- DNMT1 High+LDH-C4 Unmethylation (n=29)

.......

Fraction survival
Fraction survival

—— LDH-C4 Methylation (n=59) B X » —— DNMTI lowexpression (1=88) C 10
i -t DNMTI high expression (1=48)

—— DNMT3alowexpression (n=79) D 1.0
-+ DNMT3a high expression  (n=57)

—— DNMT3blowexpression 1=82)
-+ DNMT3b high expression (n=54)

e
@

2
a

'''''

Fractionsurvival
°
S

Fraction survival

°
v

Ro—
]

T T T T T T 1 0.0+ T T T T T T
0 20 40 60 S0 100 120 0 20 40 60 80 100 120
Overall survival time (months) Overall survival time (months)

—— DNMT3b Low+LDH-C4 Methylation (n=42)

-+ DNMT3b High+ LDH-C4 Methylation or
DNMT3b Low+ LDH-C4 Unmethylation (n=54)

~%- DNMT3b High+LDH-C4 Unmethylation (3=40)

G 107

= 039

H
2 04

P<0.05

& 0.2

0

T T 5 T T 1
0 20 4 60 SO 100 120

0 2 40 6 S 100 10
Overall survival time (months)

.01 T T T T
0 20 40 60 S0
Overall survival time (months)

100 120 Overall survival time (months)

Figure 3. Kaplan-Meier curves demonstrating overall survival in association with (A) LDH-C4 methylation, (B) DNMT1, (C) DNMT3a and (D) DNMT3b
expression, (E) LDH-C4 methylation and DNMT 1 expression, (F) LDH-C4 methylation and DNMT3a expression, and (G) LDH-C4 methylation and DNMT3b
expression in breast cancer cases. LDH-C4, lactate dehydrogenase C4; DNMT, DNA methyltransferase.

Table II. Association between promoter methylation of
LDH-C4 and expression levels of DNMT1, DNMT3a or
DNMT3b in breast cancer.

Relative LDH-C4

expression _

level U M r ¥ P-value
DNMTI -0.273 6.524 0.018
High 37 11

Low 40 48

DNMT3a -0.216 4.730 0.032
High 40 17

Low 37 42

DNMT3b -0.298 7.163 0.010
High 29 25

Low 48 34

LDH-C4, lactate dehydrogenase C4; DNMT, DNA methyltransferase;
U, unmethylated; M, methylated.

receptor (ER), progesterone receptor (PR) and HER-2 status,
and lymph node metastasis (P<0.05). The expression of
DNMT1 was not associated with age, menopausal status,
tumor size, tumor histology, TNM stage or Ki-67 expression,
but was significantly associated with ER, PR and HER-2 status,
histological grade and lymph node metastasis (P<0.05). The
expression of DNMT3a was not associated with age, meno-
pausal status, tumor size, tumor histology, TNM stage, and
PR or HER-2 status (P>0.05), but was significantly associated
with histological grade, ER and Ki-67 expression, and lymph
node metastasis (P<0.05). The expression of DNMT3b was
not associated with age, menopausal status, tumor size, tumor
histology, TNM stage, or PR, HER-2, ER or Ki-67 expres-
sion, but was significantly associated with histological grade
and lymph node metastasis (P<0.05). These data suggested
that hypomethylated profiles of the LDH-C4 promoter and

DNMT expression may indicate a poor prognosis of patients
with breast cancer.

Association between the methylation status of the promoter
region of LDH-C4 and DNMT expression in breast cancer
tissues. As shown in Table II, y* analysis revealed that the
unmethylated level of LDH-C4 in breast cancer tissues was
inversely correlated with the expression of DNMT1 (r=-0.273;
P=0.018), DNMT3a (r=-0.216; P=0.032) and DNMT3b
(r=-0.298; P=0.010). These results indicated that DNMT1,
DNMT3a and DNMT3b expression may play an important
role in the demethylation of LDH-C4.

Methylation of the LDH-C4 promoter and DNMT expression
are associated with the poor prognosis of patients with breast
cancer.Todetermine the association between DNMT expression
and patient survival, or the methylation status of the promoter
region of LDH-C4 and patient survival, Kaplan-Meier curve
analysis for overall survival was performed. Kaplan-Meier
analysis revealed that patients with a demethylated LDH-C4
promoter exhibited a shorter survival time and a poorer prog-
nosis compared with those patients with a methylated LDH-C4
promoter (P<0.05; Fig. 3A). Patients with high expression
levels of DNMT1, DNMT3a and DNMT3b exhibited a shorter
survival time and worse prognosis compared with those with
low expression levels of DNMTs (Fig. 3B-D). Moreover, a
demethylated LDH-C4 promoter and high DNMT expression
levels predicted an unfavorable prognosis (Fig. 3E-G).

To further investigate the prognostic factors for poor breast
cancer outcomes, univariate and multivariate analyses were
performed. The results of the univariate analysis revealed that
overall survival was significantly associated with the meth-
ylation of the LDH-C4 promoter, and DNMT1, DNMT3a and
DNMT3b expression, histological grade, ER, PR and HER-2
status, and lymph node metastasis (Table II). Multivariate
analysis revealed that a demethylated LDH-C4 promoter, high
expression of DNMT3a and DNMT], histological grade and
lymph node metastasis were independent prognostic factors
for patients with breast cancer (Table III).
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Table III. Univariate and multivariate analyses of prognostic factors in breast cancer for overall survival.

Univariate analysis

Multivariate analysis

Variable HR P-value 95% CI HR P-value 95% CI

LDH-C4 methylation status 2.304 0.015 1.115-3.457 1.784 0.007 0.874-2.477
Methylation vs. unmethylation

Expression of DNMT1 3.654 0.036 2.654-4.759 2.114 0.001 0.998-3.327
High vs. low 0.021

Expression of DNMT3a 2.881 1.497-4.776 1.964 0.003 0.716-2.997
High vs. low 0.047

Expression of DNMT3b 3.244 2.229-5.436 1.374 0.645 1.185-3.249
High vs. low

Age, years 1.742 0.357 0.860-2.374
<50 vs. =50

Menopausal status 1.476 0.184 0.461-1.127
Pre- vs.post-

Tumor size, cm 1.655 0.31 1.417-2.652
<2vs.z2

Tumor histology 0.87 0.112 0.650-1.117
Ductal vs. lobular

TNM stage 1.336 0.155 0.897-1.968
Iand II vs. II

ER 1.774 0.041 1.156-2.427 2.347 0.06 0.671-4.623
+vs. -

PR 2.668 0.001 1.497-4.634 1.562 0.332 0.784-3.116
+Vs. -

Ki-67 1.352 0.357 0.874-2.328
<30% vs.>30%

HER-2 1.94 0.041 1.118-2.564 2.338 0.075 0.657-4.014
+vs. -

Histological grade 4.124 0.001 2.321-6.374 2.887 0.001 1.986-4.015
Tand IT vs. III

Lymph node metastasis 6.327 0.001 4.365-8.457 3016 0.001 0.1.336-5.417

Yes vs. no

CI, confidence interval; HR, human epidermal growth factor receptor 2; LDH-C4, lactate dehydrogenase C4; DNMT, DNA methyltransferase;

ER, estrogen receptor; PR, progesterone receptor; Ki-67, antigen Ki-67.

Discussion

Due to the increasing prevalence of breast cancer, early diag-
nosis and treatment are crucial for the effective prevention and
control of the disease, in addition to improving the prognosis
of patients (15). However, highly sensitive and specific tumor
markers for the auxiliary diagnosis and prognosis prediction
of breast cancer are currently limited. Therefore, it remains
important to identify novel tumor markers for breast cancer (16).
LDH-C4 is a nicotinamide adenine dinucleotide-dependent
kinase, which exists in mammalian sperm and other germ
cells (17). LDH-C4 is also a tumor testis-associated antigen, that
has strong immunogenicity (18) and therefore may represent a
novel target for tumor immunotherapy. Previous studies have

found that LDH-C4 is highly expressed in lung cancer (19,20),
breast cancer (21) and renal cell carcinoma (22). It has been shown
to have important clinical value as a specific molecular marker
of breast cancer (21). However, the specific expression profile of
LDH-C4 and its underlying molecular regulatory mechanisms
remain unclear; thus, further investigations are required.

Results of a previous study demonstrated that the CpG meth-
ylation frequency in the promoter region of sperm expressing the
LDH-C gene was low, while the methylation frequency of CpG in
liver cells without the LDH-C gene was high (23). These results
suggested that methylation status may affect the activity of the
LDH-C gene promoter, thus regulating the expression of the
gene. Tang and Goldberg (8) previously reported that methylation
plays an important role in the transcription of the LDH-C gene
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in prostate cancer tissues. Results of the present study revealed
that the demethylation rate of the LDH-C4 gene in breast cancer
tissues was significantly higher compared with that of adjacent
tissues, suggesting that the demethylation of LDH-C4 may be
closely associated with the occurrence and development of breast
cancer. In addition, a correlation was identified between the meth-
ylation status of LDH-C4 and the histological grade, ER, PR and
HER-2 status, and lymph node metastasis. These aforementioned
pathological indexes were also closely associated with the prog-
nosis of the disease.

DNMTs play an important role in DNA methylation (24), and
the main members of the family include DNMT1, DNMT3a and
DNMT3b. The expression of DNMTs is associated with aberrant
methylation in tumor tissue (25), and they participate in the occur-
rence and development of tumors to varying degrees (26,27).
Previous studies have revealed that DNMTs interact with tran-
scription factors, histone methyltransferases and microRNA to
regulate a variety of tumor-related genes (28). However, to the
best of our knowledge, it remains unclear whether LDH-C4
demethylation is affected by DNMTs in breast cancer. Results
of the present study demonstrated that DNMT1, DNMT3a and
DNMT3b proteins were expressed to differing degrees in breast
cancer tissues. A previous study also indicated that DNMT
expression was upregulated in breast cancer (29). Findings of the
present study also indicated that the expression levels of DNMT1
were correlated with ER, PR and HER-2 expression, histological
grade and lymph node metastasis. In addition, the expression
levels of DNMT?3a were found to be associated with histological
grade, ER and Ki-67 expression, and lymph node metastasis,
while the expression levels of DNMT3b were associated with
histological grade and lymph node metastasis. Analysis to iden-
tify a correlation between LDH-C4 demethylation and DNMT
expression revealed that the protein expression levels of DNMT
were reduced in line with the demethylation of LDH-C4 in breast
cancer tissues, indicating that the low expression of DNMTs may
be an important biological event promoting the occurrence of
LDH-C4 demethylation. The 5-year overall survival of patients
with breast cancer with demethylated LDH-C4 was also found to
be significantly reduced compared with methylated LDH-C4. In
addition, the prognosis of patients with LDH-C4 demethylation
and high DNMT expression was poor compared with methylated
LDH-C4 and low DNMT expression, respectively. Multiple Cox
regression analyses also revealed that LDH-C4 gene demethyl-
ation, and DNMT3a and DNMT]1 expression were independent
prognostic factors of breast cancer. However, DNMT3b expres-
sion was not found to be an independent risk factor for breast
cancer.

In conclusion, the findings of the present study revealed
that the expression levels of DNMTs were closely associated
with the methylation level of LDH-C4 in breast cancer. The
observed low expression levels of DNMT3a and DNMT3b
may be an important molecular event of LDH-C4 gene demeth-
ylation, which suggests their potential use for the diagnosis
and treatment of early-stage breast cancer. In addition, these
markers may also have potential as comprehensive indicators
to assist clinical prognosis evaluation.
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