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Abstract: Lactate dehydrogenase B (LDHB) is widely expressed in

adult somatic tissue and plays important roles in the development of

human cancers. However, the association between LDHB expression

and the clinicopathological characteristics of hepatocellular carcinoma

(HCC) is not well understood. The study was to detect the expression of

LDHB in human HCC and investigate the association between its

expression and the clinicopathological characteristics of HCC.

Immunohistochemistry (IHC) analysis was performed to character-

ize the expression of LDHB in HCC and matched noncancerous tissues.

Kaplan–Meier survival and Cox regression analyses were employed to

evaluate the prognosis of 75 HCC patients.

The results showed that the expression of LDHB in HCC was

significantly lower than that in noncancerous tissues. Moreover, the

expression level of the LDHB protein in HCC was correlated with

pathological grade (P¼ 0.037), vascular invasion (P¼ 0.037), lymph

node metastasis (P¼ 0.016), and tumor-node metastasis (TNM) stage

(P¼ 0.007). Cox regression analysis further revealed that LDHB

expression is an independent prognostic factor for disease-free survival

(P¼ 0.045) and overall survival (P¼ 0.019).

These data are the first to indicate that LDHB expression is a

valuable prognostic biomarker for HCC and that low LDHB expression
PhD, Jianjun Liu, PhD, and Gang Huang, PhD

Abbreviations: AFP = alpha-fetoprotein, DFS = disease-free

survival, HBV = Hepatitis B virus, HCC = hepatocellular

carcinoma, IHC = Immunohistochemistry, LDH = Lactate

dehydrogenase, LDHA = Lactate dehydrogenase A, LDHB =

Lactate dehydrogenase B, OS = overall survival, TNM = tumor-

node metastasis.

INTRODUCTION

H epatocellular carcinoma (HCC) is the fifth most common
malignant tumor and causes more than half a million

deaths globally each year.1 Surgery and interventional therapy
are two common strategies for its treatment. However, its rapid
progression and high metastasis rate make this fatal disease very
difficult to treat. As a result, the overall 5-year survival rate of
HCC is only 70%.2 HCC is caused by numerous genetic
abnormalities, such as gene amplifications and mutations,
chromosomal alterations, as well as epigenetic alterations.3–5

However, a single-molecule targeting therapy has yet to be
discovered. Although alpha-fetoprotein (AFP) is widely used
clinically for early diagnosis and the follow-up of patients with
HCC,6 there are also AFP-negative HCC patients. Thus, the
identification of target molecules that control the biological
characteristics of HCC and predict early recurrence and survival
of HCC is of great importance.

The preference of cancer cells to produce energy by a high
rate of glycolysis followed by lactic acid fermentation, even
under adequate oxygen, has been called the Warburg effect or
aerobic glycolysis.7,8 Lactate dehydrogenase (LDH), which
catalyzes the interconversion of pyruvate and lactate, is the
key glycolytic enzyme.9 LDH is a tetrameric enzyme that
composes two types of subunits LDHA (muscle-type, M sub-
unit) and LDHB (heart-type, H subunit).10 We and others have
demonstrated that LDH A (LDHA) that converts pyruvate to
lactate is overexpressed in many malignant tumors and acts as
an essential role in tumor metabolism,11–14 whereas the role of
LDHB is less clear. Some studies revealed that LDHB could
enhance proliferation in a subset of lung adenocarcinoma and
breast cancer.15–17 Other studies demonstrated that the expres-
sion of LDHB was suppressed in pancreatic cancer, prostate
cancer, and gastric cancer.9,18,19 However, less definitive evi-
dence has been reported in HCC, and the link between LDHB
and HCC development is poorly understood. Thus, further
studies which focus on the roles of LDHB in the diagnosis
and treatment for HCC are important and of great interest.

In this study, we examined LDHB expression in primary
HCC and the relationship between LDHB expression and
clinicopathological characteristics. Furthermore, we evaluated
the relationship of LDHB expression with the prognostic sig-
nts. Our results suggest that LDHB can
nostic marker for both disease-free and

n HCC.
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Table 1 summarizes clinicopathological characteristics of
75 HCC patients. This study included 67 men and 8 women. The
mean age of the 75 patients was 51 years, ranging from 33 to 76

TABLE 1. Relationship Between LDHB and Clinicopathologi-
cal Characteristics in HCC

LDHB
Expression

Variable Total Low High x2 P

Gender
Male 67 35 32 1.494 0.222
Female 8 6 2

Age (years)
<60 59 33 26 0.179 0.672
�60 16 8 8

Tumor size (cm)
<5 32 14 18 2.684 0.102
�5 43 27 16

Tumor number
1 58 33 25 0.513 0.474
�2 17 8 9

Hepatitis B virus infection
Negative 20 12 8 0.313 0.576
Positive 55 29 26

AFP
Low 28 18 10 1.668 0.197
High 47 23 24

Child-Pugh
A 69 38 31 0.057 0.811
B 6 3 3

BCLC stage
A 11 3 8 4.078 0.13
B 14 9 5

C 50 29 21

Grade
1 11 3 8 6.568 0.037
2 50 27 23

3 14 11 3

Vascular invasion
Negative 30 12 18 4.34 0.037
Positive 45 29 16

Lymph node metastasis
Negative 65 32 33 5.813 0.016
Positive 10 9 1

TNM stage
I 20 7 13 12.069 0.007
MATERIALS AND METHODS

Patients and Tissue Samples
The subjects were 75 patients who received surgical therapy

at Shanghai Jiaotong University–affiliated Ren Ji Hospital
between 2007 and 2012. The following were eligibility criteria:
the diagnosis of HCC was confirmed by pathologic examination
of surgical specimens; patients did not receive chemotherapy,
radiotherapy, or other local treatments before or after surgical
therapy; complete case records, including age, gender, hepatitis B
virus (HBV) infection, a-fetoprotein (AFP) status, tumor stage,
and histologic differentiation were available; tissue specimens for
immunohistochemical staining were available. Finally, 75 patients
were evaluated in this study. We assessed the survival information
by telephonic follow-up in the nuclear medicine department of our
hospital. The follow-up time ranged from 1 to 67 months, with a
median time of 26 months. Tumor staging was determined
according to the seventh edition classification tumor-node metas-
tasis (TNM) system of the American Joint Committee.20 This
work was approved by the ethics committee of Shanghai Jiao
Tong University affiliated Ren Ji Hospital and all subjects signed a
written informed consent form.

TMA Construction and IHC Analysis
Seventy-five HCC tissues and matched noncancerous tis-

sues were prepared and TMA was produced by Shanghai Zhuoli
Biotechnology Co., Ltd (Shanghai, China). Core tissue biopsies
(2 mm in diameter) were taken from formalin-fixed paraffin
embedded sections and arranged in the new recipient paraffin
blocks. The TMA was cut into 4 mm sections and placed on
superfrost charged glass microscope slides. Then, sections were
deparaffinized in xylene and rehydrated through ethanol.
Endogenous peroxidase activity was then blocked by methanol
containing 0.3% hydrogen peroxidase for 30 min. After
exposure to 10% serum for 10 min, the sections were incubated
at 48C overnight with the primary antibody (anti-LDHB anti-
body). The sections were then incubated with the second
antibody for 20 min. Finally, the sections were counterstained
with hematoxylin. LDHB immunostaining was scored by 2
independent pathologists according to staining intensity and
distribution. Where discrepancies occurred by 2 readers, the 2
readers reached a consensus. Almost perfect agreement between
the 2 pathologists was found for immunostaining detection
(k¼ 0.86). Staining intensity was scored as follows: 0 (nega-
tive), 1 (weakly positive), 2 (moderately positive), and 3
(strongly positive). Intensity score was defined as 0, negative;
1, weak; 2, moderate; and 3, strong. The proportion score was
defined as 0, negative; 1,<10%; 2, 11% to 50%; 3, 51% to 80%;
and 4, >80% positive cells. The product of the intensity and
percentage scores gave rise to the final staining score. The
degree of LDHB staining was quantified using a 2-level grading
system as follows: <6 indicates low expression, while 6 to 12
indicates high expression.

Statistical Analysis
The relationship between LDHB protein expression and

clinicopathologic parameters of HCC was detected by Chi-
squared test or Fisher’s exact test. Statistical differences
between the groups were compared using 1-way analysis of
variance (ANOVA) and t tests. For survival analysis, Cox
proportional hazards regression models, in which the effect

Chen et al
of covariates is to multiply the hazard function by a function of
the explanatory covariates, have achieved widespread appli-
cation in the analysis of time-to-event data, with censoring and
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covariates. In the present study, univariate and multivariate
analyses were performed using Cox proportional hazards
regression models to identify important factors that statistically
associated with disease-free survival (DFS) and OS status. The
Kaplan–Meier method was used to analyze the correlation
between LDHB expression and the prognosis of HCC patients.
For all tests, P value <0.05 was considered statistically sig-
nificant. All statistical analyses were performed using SPSS
(version 13.0; SPSS Inc.).

RESULTS

Summarization of Clinical Information of 75 HCC
Patients
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II 31 16 15

III 14 9 5

IV 10 9 1
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The Relationship Between LDHB and Hepatocellular Carcinoma
years. Sixty-three percent of the patients had high AFP level
(>20 mg/L) and 73% of the patients were HBV-positive. On the
basis of the pathological grade, most of the patients were at
grade 2 (66.7%), followed by grade 3 (18.7%) and grade 1
(14.7%). Forty-five patients encountered vascular invasion and
lymph node metastasis was detected in 10 patients. Most of the
patients were in stage II (41.3%), followed by stage I (26.7%),
stage III (18.7%), and stage IV (13.3%).

LDHB Expression is Downregulated in Primary
HCC Compared With Normal Liver Tissue

We compared the expression of LDHB protein between 75
matched normal/cancer specimens from the same patients. High
LDHB expression was detected in 64 of 75 (86.3%) normal
tissue samples and only 34 cases of 75 HCC tissue samples
(45.3%) exhibited high LDHB expression. As is shown in
Figure 1, the mean intensity score of LDHB in HCC tissues
(1.720� 1.034) was significantly lower than that of in corre-
sponding noncancerous tissues (2.747� 0.595). LDHB staining
was localized predominantly in the cytoplasm and the repre-
sentative LDHB staining in HCC is shown in Figure 2.

The Relationships Between LDHB Expression and
the Clinicopathological Characteristics

We further analyzed the correlation between LDHB
expression and the clinicopathological characteristics of HCC
patients. As summarized in Table 1, there was no significant
difference between LDHB expression and gender, age, tumor
size, tumor number, AFP status, HBV infection, Child-Pugh,
and BCLC stage. However, LDHB expression was markedly
associated with pathological grade (P¼ 0.037), vascular inva-
sion (P¼ 0.037), lymph node metastasis (P¼ 0.016), and TNM
stage (P¼ 0.007).

The Prognostic Significance of LDHB Protein in
HCC

Medicine � Volume 94, Number 39, October 2015
Univariate analysis showed that LDHB expression
(P¼ 0.002), vascular invasion (P¼ 0.025), lymph node metas-
tasis (P¼ 0.001), and TNM stage (P¼ 0.001) were correlated FIGURE 2. Representative pattern of LDHB protein expression in

HCC and corresponding noncancerous tissues (200�). (A) Non-
malignant liver tissues showing strong LDHB staining. (B) HCC

FIGURE 1. LDHB expression in hepatocellular carcinoma (HCC)
tissues and tumor adjacent noncancerous tissues. Immunohisto-
chemistry (IHC) demonstrated that the mean intensity score of
LDHB in HCC tissues (1.720�1.034) was significantly lower than
that of in matched noncancerous tissues (2.747�0.595).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
with OS of HCC patients (Table 2). In addition, LDHB expres-
sion (P¼ 0.005), lymph node metastasis (P< 0.001), and TNM
stage (P¼ 0.002) were also associated with the DFS in 75 HCC
patients (Table 3). By Cox regression, low LDHB expression
(P¼ 0.045) and lymph node metastasis (P¼ 0.04) indicated a
poor DFS. Meanwhile, LDHB expression (P¼ 0.019) was also
identified as independent prognostic factors for OS (Tables 2
and 3).

The DFS and OS rates for the patients with HCC were
33.3% and 41.3%, respectively. Kaplan–Meier survival curves
subsequently demonstrated that HCC patients with low LDHB
expression presented a significantly unfavorable DFS time and
OS time (both P< 0.01). The DFS and OS rates for the patients
with low LDHB expression were 14.6% and 19.5%, respect-
ively, whereas the rates were 55.9% and 67.6%, respectively,

tissue showing low expression of LDHB. (C) HCC tissue showing
strong LDHB staining.
for the patients with high LDHB expression. In addition, HCC
patients with lymph node metastasis experienced poor DFS rate
(Figure 3).
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TABLE 2. Univariate and Multivariate Analysis of Prognostic Factors in HCC for Overall Survival

Univariate Analysis Multivariate Analysis

Parameters HR 95% CI P HR 95% CI P

LDHB expression
High versus Low 0.582 0.413–0.821 0.002 0.656 0.461–0.934 0.019

Gender
Male versus Female 0.991 0.388–2.53 0.984

Age (years)
�60 versus <60 1.336 0.689–2.709 0.372

Tumor size (cm)
�5 versus <5 1.05 0.579–1.904 0.874

Tumor number
�2 versus 1 1.698 0.853–3.383 0.132

Hepatitis B virus infection
Positive versus negative 1.08 0.545–2.139 0.826

AFP
High versus low 1.211 0.654–2.24 0.543

Child-Pugh
B versus A 0.78 0.241–2.523 0.678

BCLC stage
B and C versus A 1.276 0.8–2.036 0.306

Grade
Grade 3 versus Grade 1 and 2 1.263 0.887–1.798 0.196

Vascular invasion
Positive versus negative 2.138 1.099–4.158 0.025 1.527 0.767–3.04 0.228

Lymph node metastasis
Positive versus negative 4.506 2.057–9.87 <0.001 2.132 0.821–5.531 0.12

TNM stage
Stage III–IV versus Stage I–II 1.703 1.25–2.32 0.001 1.308 0.887–1.93 0.175

TABLE 3. Univariate and Multivariate Analysis of Prognostic Factors in HCC for Disease-Free Survival

Parameters Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P

LDHB expression
High versus low 0.646 0.475–0.878 0.005 0.718 0.52–0.992 0.045

Gender
Male versus female 1.218 0.482–3.081 0.677

Age (years)
�60 versus <60 1.585 0.835–3.007 0.159

Tumor size (cm)
�5 versus <5 0.997 0.57–1.742 0.991

Tumor number
�2 versus 1 1.187 0.59–2.386 0.631

Hepatitis B virus infection
Positive versus negative 1.006 0.542–1.868 0.985

AFP
High versus low 1.357 0.755–2.439 0.307

Child-Pugh
B versus A 0.698 0.217–2.248 0.547

BCLC stage
B and C versus A 0.922 0.642–1.325 0.662

Grade
Grade 3 versus Grade 1 and 2 1.193 0.853–1.667 0.303

Vascular invasion
Positive versus negative 0.992 0.565–1.742 0.978

Lymph node metastasis
Positive versus negative 4.861 2.322–10.175 <0.001 2.665 1.045–6.797 0.04

TNM stage
Stage III–IV versus stage I–II 1.581 1.181–2.118 0.002 1.247 0.856–1.815 0.25
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studies that include more clinical samples are needed to unravel

FIGURE 3. Survival analysis of 75 HCC patients by Kaplan–Meier
method. (A) Disease-free survival rate in patients with low LDHB
expression was significantly lower than that in patients with high
LDHB expression. (B) Overall survival rate in patients with low
LDHB expression was significantly lower than that in patients with
high LDHB expression. (C) Disease-free survival rate in patients
with positive lymph node metastasis was significantly lower than

Medicine � Volume 94, Number 39, October 2015
DISCUSSION
Lactate dehydrogenase is a tetrameric enzyme composed

of LDHA and LDHB. LDHA is overexpressed in many cancers
and plays a crucial role in tumor proliferation, invasion, and
metastasis,11,12,21 whereas the role of LDHB depends on differ-
ent types of tumors and remains more elusive. Previous study
observed decreased LDHB expression in HCC cells. They also
revealed that decreased expression of LDHB enhanced HCC
cells invasiveness via mitochondrial defects.22 Regardless, the
detailed understanding of the function of LDHB in HCC,
especially regarding prognostic characteristics, is limited.

Previous findings have indicated that LDHB is suppressed

that in patients with negative lymph node metastasis.
in many kinds of cancer due to promoter hypermethylation,
including prostate, gastric, and pancreatic cancer.9,18,19 Loss of
LDHB in cancer cells led to elimination of LDH1 to 4 and

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
leaved only LDH5 that was expected to catalyze the conversion
of pyruvate to lactate.9 Meanwhile, it is worth noting that LDHB
upregulation has been reported in the context of other tumor
types. For example, LDHB is overexpressed and required for
the growth of KRAS-dependent lung adenocarcinomas. LDHB
expression in lung adenocarcinomas correlates with poor
clinical outcome.15 In this study, we first investigated LDHB
expression in HCC specimens by immunohistochemistry (IHC)
analysis. Consistent with previous findings concerning prostate
and pancreatic cancer,9,18 our results suggested a significantly
lower level of LDHB expression in HCC tissue samples than in
noncancerous tissue samples. Furthermore, LDHB expression
was negatively correlated with pathological grade, vascular
invasion, lymph node metastasis, and TNM stage. These data
indicated that LDHB were suppressed aberrantly in a significant
fraction of HCC and suggested strongly that LDHB might play
critical roles during tumor development and serve as novel
diagnostic biomarkers for HCC.

For survival analysis, Cox proportional hazards regression
models, in which the effect of covariates is to multiply the
hazard function by a function of the explanatory covariates,
have achieved widespread application in the analysis of time-to-
event data, with censoring and covariates. In the present study, a
univariate analysis was firstly chosen to detect important factors
that may influence the prognosis of HCC patients; a multi-
variate analysis was then performed to identify the authenticity
and validity of the prognostic factors detected. Finally, we
screened the prognostic factors LDHB expression and lymph
node metastasis for DFS and LDHB expression for OS. The data
demonstrated that low LDHB expression was associated with a
poor prognosis in patients with HCC. Patients expressing low
levels of LDHB exhibited unfavorable outcomes for both DFS
and OS. A Kaplan–Meier analysis also verified that HCC
patients with low LDHB expression showed a significantly
unfavorable lifespan, including DFS and OS.

Although the significance of LDHB in cancers is still
inadequate and elusive, several studies have indicated its critical
role in tumor development, and LDHB have been identified as
potential therapeutic targets for the treatment of malignant
tumors.22 LDHB can also be used as a metabolic marker of
response to neoadjuvant chemotherapy in breast cancer.17

Meanwhile, restored expression of LDHB repressed cell pro-
liferation, invasion, and migration in pancreatic cancer.18 Thus,
demethylating agents might be a promising new therapeutic
strategy for prostate and pancreatic cancer. Considering the
tumor-suppressed role of LDHB in HCC cell lines22 and tissues,
the application of restoring expression of LDHB such as
demethylating agents may be effective in HCC treatment, which
requires further studies.

In summary, we provide evidence that LDHB are sup-
pressed in a significant fraction of HCC. We also conclude for
the first time that LDHB can be as a prognostic marker for both
DFS and OS in HCC. In addition to be a prognostic marker, our
data suggest that overexpressing LDHB may provide a strategy
for developing novel therapeutics for HCC. However, the
limitation of this study was the small sample size. Further

The Relationship Between LDHB and Hepatocellular Carcinoma
the roles of LDHB during the progression and recurrence
of HCC.
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