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LDHB may be a significant predictor of  
poor prognosis in osteosarcoma 
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Abstract: Osteosarcoma is the most common primary malignant bone tumor in children and young adults. Lactate 
dehydrogenase (LDH) is considered as the key glycolytic enzyme and involved in tumor initiation and metabolism. 
Here, we firstly found that LDHB was highly expressed in osteosarcoma cell lines. Expression profiling indicated 
that LDHB mRNA was elevated in osteosarcoma tissues with metastasis versus without metastasis, and LDHB high 
expression predicted a poor prognosis in patients. After LDHB knockdown by siRNA transfection, cell growth and 
proliferation were inhibited and presented a dose-dependent cell death via MTT assay. Meanwhile, wound healing 
and matrigel invasion assay revealed that LDHB knockdown inhibited migration and invasion activities in osteosar-
coma cells. We further constructed tissue microarray in 40 osteosarcoma tissues. Correlation between LDHB and 
clinicopathological features indicated that LDHB expressions were associated with tumor TNM stage, recurrence 
and survival. Kaplan-Meier survival curve revealed that overall survival was significantly decreased in patients with 
high expression of LDHB. Patients with recurrence or advanced stage showed an increased LDHB, suggesting that 
increased LDHB was closely associated with a poor prognosis in osteosarcoma patients. Thus, LDHB can be consid-
ered as a prognostic marker for tumor recurrence and poor overall survival in osteosarcoma.
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Introduction

Osteosarcoma, deriving from primitive bone-
forming mesenchyme, is the most common pri-
mary malignant bone tumor in children and 
young adults [1], and accounts for 5% of all 
pediatric malignancies. It is a very aggressive 
type of cancer. Surgery alone cures only a  
small minority of patients who present with 
localized disease [2, 3]. Recently, great prog-
ress in therapeutic strategies, including sur-
gery, adjuvant chemotherapy, radiotherapy and 
biological therapy have resulted in an increa- 
sed the disease-free survival rate to more than 
60% [4], especially in patients with localized 
osteosarcoma approaching 75% [5, 6]. But the 
prognosis of patients remains unsatisfactory 
due to bone destruction, neoplastic bone for-
mation, and pulmonary metastasis [5-7]. There- 
fore, novel therapeutic strategies are needed 

to improve the survival rate of this population. 
As a kind of malignancy, the development and 
progression of osteosarcoma is a multistep 
process with accumulation of complex molecu-
lar changes, but the underlying molecular me- 
chanism of this disease has not been fully elu- 
cidated [8]. Thus, a better understanding of  
the molecular biology of osteosarcoma will  
lead to the development of new therapeutic 
strategies [2, 3].

Cancer cells prefer to produce energy by a high 
rate of glycolysis followed by lactic acid fermen-
tation, resulting in increased lactate production 
instead of aerobic respiration in the mitochon-
dria, even under oxygen-sufficient conditions, 
has been called the Warburg effect or aerobic 
glycolysis [9, 10]. The Warburg effect is one of 
the most important hallmarks of cancer [11, 
12]. The up-regulation of a series of metabolic 
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enzymes along the glycolytic pathway may  
contribute to the Warburg effect. Recent stud-
ies indicated that glycolysis was essential for 
tumor proliferation, invasion and metastasis 
[11, 13, 14]. Thus, the inhibition of these glyco-
lytic enzymes along the glycolytic pathway can 
be severed as a promising therapeutic stra- 
tegy for selectively killing cancers or prevent- 
ing metastasis [11, 13-15]. 

Lactate dehydrogenase (LDH) is a terminal 
enzyme for catalyzing the interconversion of 
pyruvate and lactate in anaerobic glycolytic 
pathway, and is considered as the key glycolytic 
enzyme [16, 17]. Human LDH, including five iso-
enzymes, is tetramers that compose two types 
of subunits, LDHA and LDHB, and distribute  
in different tissues [18, 19]. LDH is involved  
in tumor initiation and metabolism and has 
attracted attention as a potential target for 
cancer therapy and contraception. Recent 
studies have indicated that LDHA is overex-
pressed in many malignant tumors and plays 
an essential role in tumor metabolism [20-23], 
whereas the role of LDHB is not well-known. 
Some studies revealed that the expression of 
LDHB was suppressed in hepatocellular carci-
noma, pancreatic cancer, prostate cancer, and 
gastric cancer [16, 19, 24, 25]. Other studies 
demonstrated that LDHB could enhance the 
proliferation of tumor cells of lung adenocar- 
cinoma and breast cancer and high LDHB 
expression was a significant predictor of poor 
prognosis in patients [26-28]. 

Currently, a recent study has reported that 
LDHB is overexpressed in osteosarcoma by 
integrated analysis of gene expression and 
genomic aberration data [29]. However, less 
definitive evidence has been reported in osteo-
sarcoma, and the link between LDHB and 
osteosarcoma development is poorly under-
stood. Further studies that focus on the roles  
of LDHB in the diagnosis and treatment for 
osteosarcoma are important and of great in- 
terest. In this study, we firstly examined the 
expression of LDHB in osteosarcoma cell lines. 
Subsequently, we evaluated the functional role 
of LDHB in growth/proliferation and migration/
invasion of osteosarcoma cell lines. Further- 
more, we determined the expression of LDHB  
in osteosarcoma tissues of patients and eva- 
luated the relationship of LDHB expression with 
the prognostic significance of osteosarcoma 
patients. Our results suggest that LDHB can be 

considered as a prognostic marker for both 
tumor recurrence and poor overall survival in 
osteosarcoma. 

Materials and methods

Cell lines and cell culture 

The human osteosarcoma cell lines (MG63, 
U2OS, and SAOS) were purchased from the 
American Type Culture Collection (Rockville, 
MD). The human osteoblast cells HOBC was 
purchased from PromoCell GmbH (Heidelberg, 
Germany). The osteosarcoma cell lines were 
incubated in RPMI-1640 (Life Technologies, 
Grand Island, NY) supplemented with 10% fe- 
tal bovine serum, 100 U/mL penicillin, and  
100 mg/mL streptomycin (Life Technologies, 
Carlsbad, CA). HOBC were cultured in osteo-
blast growth medium (PomoCell) with 10% fe- 
tal bovine serum. All cells were maintained  
in a humidified atmosphere containing 5% CO2 
at 37°C. Light microscopic images were re- 
corded by Zeiss microscope from Carl Zeiss, 
Inc. (Oberkochen, Germany) with an attached 
Nikon D40 digital camera. (New York, NY).

Western blotting assay

Total protein lysates from the osteosarcoma 
cells were harvested using RIPA Lysis Buffer 
(Upstate Biotechnology, Charlottesville, VA) 
supplemented with 10 mm NaF (Sigma, Ger- 
many). Protein Assay Reagents (Bio-Rad, CA) 
and a SPECTRAmax Microplate Spectropho- 
tometer from Molecular Devices (Sunnyvale, 
CA) was applied to evaluate the protein con- 
centrations. The primary antibodies for LDHB 
(1:1000 dilution) and actin (1:2000 dilution) 
were purchased from Abcam. Goat anti-mouse 
HRP antibodies were obtained from Zhong- 
shan Jinqiao Company, Beijing. Western blot 
analysis was performed as previously report- 
ed [30]. Quantification analysis of western blot 
values was performed with Odyssey software 
3.0 (Li-COR Bioscience, NE). 

Expression data sets

A total of 52 patients from TCGA with LDHB 
mRNA expression data in osteosarcoma tis-
sues were used to analyze LDHB mRNA le- 
vels. The set of microarray data (GSE21257) 
were downloaded from the Gene Expression 
Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/
geo). 
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A total of 52 patients with follow-up in the 
GSE21257 cohort were involved in the analy-
ses of overall survival and clinical significance 
with LDHB mRNA level. Among them, a set of 
214 patients with HK2 mRNA expression data 
in both their cancer and matched adjacent non-
tumorous tissues was used to analyze HK2 
mRNA expression level.

Lentiviral LDHB siRNA transduction; Synthetic 
LDHB siRNA transfection

The nonspecific siRNA (as a control) and siRNA 
against LDHB were purchased from RiboBio, 
and the transfection was carried out using lipo-
fectamine™ 2000 (Invitrogen, Grand Island, 
NY) according to the manufacturer’s instruc-
tions. At 72 h after transfection, the effects of 
gene silencing were measured by western blot 
analysis.

MTT cell proliferation assay

U2OS and SOAS were transfected with LDHB 
siRNA with different doses (15, 30, 45 nmol/L). 
5×103 cells in a volume of 100 μL were seed- 
ed into a 96-well plate. Each group included 
three repeated wells. After 72 hours of incu- 
bation, proliferation assays were performed 
with MTT solution (Promega, Madison, WI, USA) 
using the standard protocol. The absorbance  
at a wavelength of 490 nm (A490) was mea-
sured on a SPECTRAmax Microplate Spectro- 
photometer from Molecular Devices (Sunny- 
vale, CA). All results were analyzed by Graph- 
Pad Prism 5 software. (San Diego, CA).

Matrigel invasion assay

The matrigel invasion assay was conducted 
with the BD BioCoatTM MatrigelTM Invasion 
Chamber (Becton-Dickinson, MA) following the 
manufacturer’s instructions. After the LDHB 
siRNA or nonspecific siRNA administration, the 
transfected cells (5×104 cell/plate) were se- 
eded into the upper chamber of each well in 
serum-free medium, and complete medium 
was put into the bottom chamber. The invasion 
chamber was incubated for 22 hours at 37°C 
under 5% concentration of CO2. Next, the non-
invading cells were removed by scrubbing from 
the upper surface of the membrane with cot-
ton-tipped swabs. Following the processes of 
fixation in 100% methanol and staining in 
hematoxylin, the invading cells were counted in 

three images of each membrane under a micro-
scope using a 200× objective. The cells images 
were taken by fluorescence microscope (Nikon 
Eclipse Ti-U) and phase contrast microscope 
equipped with a SPOT RT digital camera. 

Wound healing migration assay

Migration ability of cells was determined by 
multiple scratch wounds assay. 1×105 cells  
per well were plated into 12-well plates and 
transfected with LDHB siRNA. Three parallel 
lines were made in confluent cell cultures with 
a 200 μl tip. After suspended cells were wa- 
shed away with serum-free medium, the cul- 
tures were fed with regular medium again. The 
scratch wounds were observed at 0, 8, and 24 
hours after scratching separately, and photo-
graphed via microscope (Nikon Instruments, 
Inc.) each time. The distance between the two 
edges of the wound width was randomly quanti-
fied at 10 sites in each image. The cell migra-
tion distance was defined as the distance be- 
tween the wound width at the 0 h time point 
and the wound width at each time point and 
then divided by two.

Construction of the osteosarcoma tissue mi-
croarray (TMA)

A retrospective study of 40 osteosarcoma 
patients was identified for TMA immunohisto-
chemical staining. The study was approved by 
the human ethic committee of the Affiliated 
Cancer Hospital of Zhengzhou University. All 
patients signed the approval letters that their 
clinical information would be kept in the data-
bases of Henan Province cancer hospital and 
utilized for research. Those patients with archi-
val tissue blocks available through the De- 
partment of Pathology were selected. The data 
of age, gender, tumor sites, TNM stages, tumor 
size, metastasis and recurrence of patients 
were collected, as shown in Table 1. In the re- 
cipient master blocks, each case included  
two different areas of tumor parts to ensure 
accurate representation of the selected cores. 
The corresponding slides of the paraffin-em- 
bedded tumor specimens with hematoxylin-
eosin (H&E) stained were reviewed in order  
to further confirm the original diagnosis and 
choose the most representative areas for the 
TMA construction. From one paraffin block of 
each tumor, a 5-μm diameter tissue section 
was cut and mounted consecutively on the 
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recipient master blocks. The osteosarcoma 
TMA was constructed by the Tissue Micro- 
array and Imaging Core at the Affiliated Can- 
cer Hospital of Zhengzhou University. 

Immunohistochemical (IHC) staining on TMA

The expression level of LDHB was determin- 
ed based on the immunohistochemistry pro- 
tocol (Paraffin) from Cell Signaling Techno- 
logy (Beverly, MA) as previously described [31]. 
Briefly, 5-μm-thick array sections were baked  
at 60°C for 1 h, deparaffinized using xylene 
(three times for 5 minutes each), transferred 
through 100% ethanol (twice for 5 minutes 
each), rehydrated through graded alcohol, and 
then immersed in deionized water for 10 min-
utes. For antigen retrieval, the slides were 
immersed in boiling (95-100°C) citrate buffer 
(pH 6.0) for 20 min. Upon washing with phos-
phate-buffered saline (PBS), the slides were 
immersed into blocking solution (3% bovine 
serum albumin) at room temperature for 30 
min. Next, the slides were incubated overnight 
at 4°C with primary LDHB antibodies (Abcam, 
Cambridge, MA, USA) diluted in blocking se- 
rum. Following rinsing with PBS, a horseradish 

clinicopathological criteria, and good concor-
dance existed between the two scorers (sin- 
gle measure intraclass correlations, >0.8). The 
images of LDHB staining for IHC and H&E  
staining were obtained using the NanoZoo- 
mer 2.0-RS system (Hamamatsu Photonics 
Inc., Germany), and the digital slides were ana-
lyzed by the software of the NDP. view 2.5.14 
version.

Statistical analysis

Continuous variables were expressed as mean 
± standard deviation (SD). Student t test was 
used to assess parametric data between the 
two groups. The correlation between protein 
expression and clinicopathological characteris-
tics was analyzed with Pearson’s χ2 test of 
association or Fisher’s exact test in a 2×2  
table. The log-rank test was used to compare 
the differences in survival curves. Prognostic 
factors associated with overall survival were 
analyzed according to the Cox proportional haz-
ards regression model, in a stepwise manner. 
Statistical analyses were performed using SP- 
SS software version 17.0 (SPSS Inc., Chicago, 
IL) for Windows (Microsoft Corporation, Red- 

Table 1. Correlation of clinico-pathological features 
with LDHB expression levels in 40 osteosarcoma 
patients
Clinicopathological 
features

No. of 
cases (%)

LDHB P-
valueLow (%) High (%)

Age (years) ≤ Median 20 (50.0) 13 7 0.748
> Median 20 (50.0) 11 9

Gender Male 27 17 10 0.583
Female 13 7 6

Tumor site Femur 19 12 7 1.000
Tibia 12 7 5
Other 9 5 4

TNM stage Stage I 12 11 4 0.035
Stage II 24 13 8
Stage III 4 0 4

Metastasis Absent 15 10 5 0.740
Present 25 14 11

Recurrence Absent 25 19 6 0.018
Present 15 5 10

Tumor size ≥7.5 cm 32 19 13 1.000
≤7.5 cm 8 5 3

Survival Live 20 16 4 0.022
Dead 20 8 12

peroxidase (HRP) polymer conjugated to 
the secondary antibody (SuperPicture™ 
Polymer Detection Kit, HRP, broad spec-
trum; Thermo Fisher Scientific, Inc., Wal- 
tham, MA, USA) was added to the slides  
for 10 min, and 3,3’-iaminobenzidine chro-
mogen was then added for 5 min. Follow- 
ing each incubation step, the slides were 
washed in PBS for 5 min. Mayer’s Hema- 
toxylin Solution (Sigma-Aldrich, St. Louis, 
MO, USA) was utilized for counterstaining. 
Subsequently, the slides were dehydrated, 
air-dried and mounted with neutral resins.

Assessment of LDHB staining was con-
ducted according to nuclear staining show-
ing and calculated by the percentage of 
positive cells among the entire spot. 
Thereby, LDHB staining patterns were cat-
egorized into 6 groups: 0, no nuclear stain-
ing; A, 1+, <10% of cells stained positive; 
B, 2+, 10% to 25% positive cells; C, 3+, 
26% to 50% positive cells; D, 4+, 51% to 
75% positive cells; E, 5+, >75% positive 
cells. A total of 50% of the slides were 
examined by a second independent asses-
sor who was blinded to the scores and 
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mond, WA, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

LDHB is highly expressed in osteosarcoma cell 
lines

We firstly analyzed the expression of LDHB pro-
tein in osteosarcoma cell lines by western blot-
ting. In normal human osteoblast cell lines 
(HOBC), LDHB protein expressions were ex- 
tremely low and almost undetectable, while  
the expression of LDHB protein was significant-
ly increased in osteosarcoma cell lines (MG63, 
U2OS and SAOS) (Figure 1A). The grey value of 
protein bands were analyzed in each western 
blotting, and the data also indicated that LDHB 
protein presented a remarkably high expres-
sion in osteosarcoma cell lines including MG63, 
U2OS and SAOS, versus normal human osteo-
blast cell lines (HOBC) (all P<0.001) (Figure 
1B).

High expression of LDHB mRNA predicted a 
poor prognosis in osteosarcoma patients

To detect expression level of LDHB mRNA in 
human osteosarcoma tissues, we downloaded 
the expression profiling data (GSE21257) of 
LDHB mRNA in osteosarcoma. Our analysis 
results indicated that the expression level of 
LDHB mRNA was significantly elevated in 
human osteosarcoma tissues with metastasis 
versus without metastasis (P=0.0042) (Figure 
1C). Meanwhile, according to the expression 
level of LDHB mRNA, we divided the osteosar-
coma tissues into two groups: low expression 
group and high expression group. The overall 
survival analysis indicated that the osteosar-
coma patients with low expression of LDHB 
mRNA presented a significantly long-term sur-
vival, compared with the patients with high 
LDHB mRNA (P=0.0104, n=52) (Figure 1D). 
These data suggested that the high expression 
of LDHB mRNA predicted a poor prognosis in 
clinical osteosarcoma patients.

Figure 1. LDHB is highly expressed in osteosarcoma cell lines. A: The expressions of LDHB protein in osteosarcoma 
cell lines (MG63, U2OS and SAOS) and normal human osteoblast cell lines (HOBC). B: The grey values of protein 
bands were analyzed in each western blotting in osteosarcoma cell lines and normal human osteoblast cell lines. 
C: The expression profiling data (GSE21257) of LDHB mRNA in osteosarcoma from pubmed gene bank database 
indicated that the expression of LDHB mRNA was significantly elevated in human osteosarcoma tissues with metas-
tasis versus without metastasis. D: The overall survival analysis indicated that the osteosarcoma patients with low 
expression of LDHB mRNA presented a significantly long-term survival, compared with the patients with high LDHB 
mRNA (n=52).
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LDHB is crucial for osteosarcoma cell growth 
and proliferation

To illustrate the function of LDHB in osteosar-
coma cell growth and proliferation, lentiviral 
human LDHB shRNA was transfected in the 
U2OS and SAOS cell lines, respectively. The 
non-specific siRNA (N.S siRNA) was served as 
the control. Western blot analysis confirmed 
low expression of LDHB in lentiviral shRNA  
particles cell lines, and indicated that LDHB 
expressions were gradually decreased under 
siRNA administration in both U2OS and SAOS 
cell lines along with the gradual increase of 
LDHB siRNA concentration (from 15 to 45 
nmol/L) (Figure 2A). 

Next, we observed cells growth in the U2OS 
and SAOS cell lines after LDHB siRNA adminis-
tration. The results revealed that cells growth 
were significantly inhibited in both the U2OS 
and SAOS cell lines after LDHB siRNA adminis-
tration compared with the N.S siRNA adminis-
tration (Figure 2B).

Moreover, we used the MTT assay to evaluate 
cells proliferation after LDHB siRNA administra-
tion. The results indicated that cells prolifera-
tion in the U2OS cell line was reduced after the 
knockdown of LDHB, and cells proliferation 
were further inhibited in osteosarcoma cells 
along with the gradual increase of LDHB siRNA 
concentration (from 15 to 45 nmol/L) (Figure 
2C). To further confirm the role of LDHB in 
osteosarcoma, we also examined the effects  
of LDHB siRNA on another osteosarcoma cell 
lines (SAOS). Depletion of LDHB by siRNA re- 
sulted in a dose-dependent cell death in SA- 
OS cell line, which were not observed in the 
nonspecific siRNA transfection (Figure 2C). 
These data further suggested that LDHB ex- 
pressions promoted cells growth and prolifer- 
ation in osteosarcoma cells.

LDHB is important for osteosarcoma cell mi-
gration and invasion 

Migration and invasion ability are a crucial hall-
mark for metastatic osteosarcoma. After the 

Figure 2. The knockdown of LDHB expression by 
lentiviral siRNA transfection inhibited cell growth 
and proliferation in U2OS and SAOS cell lines. A: The 
confirmation of LDHB knockdown by lentiviral siRNA 
transfection in the both U2OS and SAOS cell lines 
through western blot analysis. LDHB expressions 
were gradually decreased under siRNA administra-
tion in the both U2OS and SAOS cell lines along with 
the gradual increase of LDHB siRNA concentration 
(from 15 to 45 nmol/L). B: Cells growth were signifi-
cantly inhibited in the both U2OS and SAOS cell lines 
after LDHB siRNA administration compared with the 
N.S siRNA administration. C: Both U2OS and SAOS 
cells were transfected with LDHB siRNA or non-spe-
cific siRNA, and cell proliferations after transfection 
were determined under the different LDHB siRNA 
concentrations (15, 30 to 45 nmol/L) by MTT assay. 
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Figure 3. The knockdown of LDHB expression by lentiviral siRNA transfection decreased cell migration and invasion ability in SAOS cell lines. A: Micrographs of os-
teosarcoma SAOS cells at 0, 8, and 24 hours after wounding. B: Migration distance of SAOS cells for each time point and condition. C: Micrographs of osteosarcoma 
SAOS cells transfected with LDHB siRNA or nonspecific siRNA. The invading cells were stained with hematoxylin. D: The average numbers of invasive osteosarcoma 
cells among those transfected LDHB siRNA or nonspecific siRNA. **P<0.01 (comparison transfected cells with control cells using Student’s t-test).  
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confirmation of significant knockdown of LDHB 
expression by siRNA in SAOS cells, we exam-
ined whether LDHB knockdown by siRNA trans-
fection could influence the migration and inva-
sion ability of osteosarcoma cells by the wound 
healing assay and matrigel invasion assay. As 
shown in the wound healing assay, the wounds 
were almost recovered after 24 hours of migra-
tion in blank control and non-specific siRNA 
treated cells. In contrast, the wound healing 
and the cells migration were remarkably inhib-
ited after LDHB siRNA administration (Figure 
3A). We further recorded and calculated the 
migration distance of osteosarcoma cells after 
LDHB knockdown by siRNA transfection, and 
found that the relative migration distance were 
obviously decreased in the SAOS cells with 
LDHB siRNA, compared to the blank control 
and non-specific siRNA treated cells (P<0.01) 
(Figure 3B).

Moreover, in matrigel invasion assays, the inva-
sion ability of SAOS cells after LDHB knock-
down by siRNA transfection was remarkably 
reduced, compared with the blank control and 
the non-specific siRNA cells (Figure 3C). We 
also calculated the numbers of osteosarcoma 
cells that could invade through the matrigel 
after LDHB siRNA administration, and found 
that the average number of invasion cells was 
significantly lower in the LDHB siRNA group 
than that in the blank control and the non-spe-
cific siRNA group (P<0.01) (Figure 3D). Thus, 
both wound healing assay and matrigel inva-
sion assay revealed that LDHB knockdown by 
siRNA transfection significantly inhibited the 
migration and invasion activities of osteosar-
coma cells. 

Correlation between LDHB expression and 
clinicopathological parameters in osteosar-
coma patients

To further verify the functional role of LDHB in 
human osteosarcoma, we constructed the 
osteosarcoma TMA and analyzed the protein 
expression of LDHB in human osteosarcoma 
tissues by IHC. A total of 40 osteosarcoma 
samples were enrolled, and 80 tumor points 
were collected and stained by TMA, as shown in 
Figure 4A. LDHB staining was assessed accord-
ing to nuclear staining intensity and the per-
centage of positive cells among the entire spot. 
The LDHB staining score ranged from score 1+ 
to score 5+, and staining intensity distributed 

from poor to strong. The details were shown in 
Figure 4B. 

In 40 clinical patients with osteosarcoma, the 
median age for the patients in the TMA was  
35 years (range from 15 to 65), and predomi-
nantly male (27/40, 67.5% of patients). To ana-
lyze the correlation between LDHB express- 
ion levels and clinicopathological features in  
40 osteosarcoma patients, we further divided 
LDHB staining intensity into two grades: low 
expression (score 1+, 2+ and 3+) and high 
expression (score 4+ and 5+) among the evalu-
able specimens. Pearson’s χ2 test or Fisher’s 
exact test analysis indicated that the expres-
sion levels of LDHB had no significant correla-
tion with patients age, gender distribution and 
tumor site, tumor metastasis and tumor size 
(all P>0.05). In contrast, the expression levels 
of LDHB were closely associated with tumor 
TNM stage (P=0.035), tumor recurrence (P= 
0.018) and patients survival (P=0.022) (Table 
1). 

To confirm the relationship between LDHB ex- 
pression and osteosarcoma prognosis, Kaplan-
Meier survival curve was conducted, and the 
result revealed that the overall survival was  
significantly decreased in the patients with  
high expression of LDHB, compared with the 
patients with low expression of LDHB (Figure 
5A). Moreover, 15 out of 40 patients present- 
ed tumor recurrence, while 25 patients had  
no tumor recurrence. The patients with tu- 
mor recurrence showed an increased score of 
LDHB staining versus the patients without 
recurrence (P=0.0039, Figure 5B). Also, the  
analysis between tumor TNM stage and LDHB 
staining score revealed that the patients with 
TNM III presented an elevated score of LDHB 
staining versus the patients with TNM II (P= 
0.0109) and TNM I (P=0.016, Figure 5C). These 
results suggested that the high expression of 
LDHB was closely associated with a poor pro- 
gnosis in patients with osteosarcoma. 

Discussion

Osteosarcoma is a very aggressive type of can-
cer. Recently, great progress in therapeutic 
strategies, including surgery, adjuvant chemo-
therapy, radiotherapy, and biological therapy 
have resulted in an increased the disease-free 
survival rate [4-6]. But the prognosis of patients 
remains unsatisfactory due to bone destruc-
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tion, neoplastic bone formation, and pulmonary 
metastasis [5-7]. Therefore, novel therapeutic 
strategies are needed to improve the survival 
rate of this population. A better understanding 
of the molecular biology of osteosarcoma will 
lead to the development of new therapeutic 
strategies [2, 3]. In this study, we firstly found 
that LDHB is highly expressed in osteosarco- 
ma cell lines. The expression profiling data of 
LDHB mRNA indicated that LDHB mRNA ex- 
pression was significantly elevated in human 
osteosarcoma tissues with metastasis versus 
without metastasis, and the high expression  
of LDHB mRNA predicted a poor prognosis  
in clinical osteosarcoma patients. After LDHB 
knockdown by siRNA transfection, osteosarco-

ma cells growth and proliferation were signifi-
cantly inhibited and presented a dose-depen-
dent cell death via the MTT assay. Meanwhile, 
the wound healing assay and matrigel invas- 
ion assay revealed that LDHB knockdown  
significantly inhibited migration and invasion 
activities in osteosarcoma cells. To further ver-
ify the role of LDHB in osteosarcoma, we con-
structed tissue microarray in 40 osteosarco- 
ma tissues. The correlation between LDHB ex- 
pression and clinicopathological features in pa- 
tients indicated that the expressions of LDHB 
were closely associated with tumor TNM stage, 
recurrence and patient survival. Kaplan-Meier 
survival curve revealed that the overall survi- 
val was significantly decreased in patients with 

Figure 4. Construction of tissue microarray (TMA) in osteosarcoma and analysis of LDHB staining by immunohisto-
chemistry (IHC). A: The construction of TMA in 40 osteosarcoma tissues samples. 80 tumor points were collected 
and stained by IHC. B: Representative images of different IHC staining intensities of LDHB or HE staining are shown 
in osteosarcoma tissues. Assessment of LDHB staining was conducted according to nuclear staining showing and 
calculated by the percentage of positive cells among the entire spot. Thereby, LDHB staining patterns were  catego-
rized into 6 groups: 0, no nuclear staining; A, 1+, <10% of cells stained positive; B, 2+, 10% to 25% positive cells; C, 
3+, 26% to 50% positive cells; D, 4+, 51% to 75% positive cells; E, 5+, >75% positive cells.
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high expression of LDHB. The patients with 
tumor recurrence or advanced stage showed 
an increased LDHB expression, suggesting that 
the high expression of LDHB was closely asso-
ciated with a poor prognosis in patients with 
osteosarcoma. Our study suggests that LDHB 
can be considered as a prognostic marker for 
tumor recurrence and poor overall survival in 
osteosarcoma.

The Warburg effect is one of the most im- 
portant hallmarks of cancer [11, 12]. The in- 
hibition of these glycolytic enzymes can be 
regarded as a novel strategy for anti-cancer 
treatment. LDH is a terminal enzyme for cata-
lyzing the interconversion of pyruvate and lac-
tate in anaerobic glycolytic pathway, and is  
considered as the key glycolytic enzyme [16, 
17]. It is a tetrameric enzyme which composes 
two types of subunits, LDHA (muscle-type, M 
subunit) and LDHB (heart-type, H subunit), and 
results in five isozymes: M4 (LDH5), M3H1 
(LDH4), M2H2 (LDH3), M1H3 (LDH2), and H4 
(LDH1) [18, 19]. Concerning the expressions  
of LDHA in different types of malignant tu- 
mors, A similar result was found in tumors tis-
sue versus normal tissue: it is overexpressed  
in colon cancer, bladder cancer, prostate can-
cer, lung adenocarcinomas, HCC and renal cell 
carcinoma, and plays critical roles in cancer 
development and progression [20-23, 32-35]. 
Moreover, the knockdown of LDHA could in- 
hibit cell proliferation, tumor growth and me- 
tastasis, by decreasing cell cycle and promo- 
ting apoptosis, and reducing the expression of 

matrix metalloproteinase (MMP)-2 and MMP-9 
[34, 36-39]. However, with regard to LDHB 
expression, there was a controversial in differ-
ent types of malignant tumors. Some studies 
revealed a similar result with LDHA that the 
high expression of LDHB presented in lung  
adenocarcinoma and breast cancer which 
enhanced the proliferation of tumor cells, and 
that LDHB was a significant predictor of poor 
prognosis in patients [26-28]. Other studies 
demonstrated that the expression of LDHB was 
suppressed in HCC, prostate cancer, pancreat-
ic cancer and gastric cancer, and that LDHB 
might function as a suppressor of glycolysis 
and suppressed pancreatic cancer and HCC 
progression [16, 19, 24, 25]. Further studies 
investigated this phenomenon and found that 
the low expression of LDHB in pancreatic can-
cer, HCC, and prostate cancer, which was due 
to promoter hypermethylation and decreased 
expression of LDHB, might lead to glycolytic 
transition by converting lactate to pyruvate and 
the shift from LDH1 to LDH5 (more LDHA in a 
LDH tetrameric enzyme), thereby promoting 
cancer progression [19, 24, 25, 40]. Thus, the 
roles and mechanism of LDHB in the develop-
ment and progression of different types of 
tumors are obviously different. As a therapy  
target, LDHB should be regarded in different 
ways in different types of tumors. 

In osteosarcoma, a recent study has reported 
that LDHB is overexpressed in osteosarcoma 
by the integrated analysis of gene expression 
and genomic aberration data [29]. However, 

Figure 5. Correlation analysis between LDHB expression and clinicopathological features in osteosarcoma patients. 
A: Kaplan-Meier survival curve for the overall survival was conducted between the patients with high expression and 
low expression of LDHB. B: The score of LDHB staining in patients with tumor recurrence and the patients without 
recurrence. C: The score of LDHB staining in osteosarcoma patients with TNM I, TNM II and TNM III stages, respec-
tively. The log-rank test was used to compare the differences in survival curves. Student t test was used to assess 
parametric data between the two groups. P<0.05 was considered to indicate a statistically significant difference.
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further evidences are needed to understand 
the link between LDHB and osteosarcoma 
development. In our study, we first examin- 
ed the expression of LDHB in osteosarcoma 
cell lines and found that the high expression  
of LDHB in osteosarcoma cell which consist 
with previous studies and analysis results 
(GSE21257) [29]. Meanwhile, the inhibition of 
LDHB could decrease cells growth, prolifera-
tion, migration and invasion of osteosarcoma 
cells in vitro. Moreover, we further analyzed  
the expression level of LDHB mRNA in human 
osteosarcoma tissues with the clinical feature 
from the download expression profiling data 
(GSE21257). We found that the expression 
level of LDHB mRNA was significantly eleva- 
ted in human osteosarcoma tissues with me- 
tastasis versus without metastasis, and the 
osteosarcoma patients with low expression of 
LDHB mRNA presented a significantly long-
term survival, compared with the patients with 
high LDHB mRNA. Furthermore, we recruited 
40 osteosarcoma patients for further inde- 
pendent verification, and found the high ex- 
pression of LDHB in osteosarcoma tissues of 
patients had a poor prognosis with low overall 
survival. In addition, we found that patients 
with recurrence possessed a high level of LD- 
HB in osteosarcoma tissues, as well as patients 
in advanced tumor stage. Our results suggest 
that LDHB can be considered as a prognostic 
marker for both tumor recurrence and poor 
overall survival in osteosarcoma. Of course, 
further studies focusing on the roles and me- 
chanism of LDHB in the development and pro-
gression of osteosarcoma should be perform- 
ed.

In conclusion, the present study demonstrates 
that LDHB is overexpressed in osteosarcoma 
cell lines and tissues. The high expression of 
LDHB could be served as a biomarker of poor 
prognosis for osteosarcoma patients. More- 
over, the knockdown of LDHB by siRNA trans-
fection decreased the growth, proliferation, 
migration and invasion of osteosarcoma cells 
in vitro. Correlation analysis indicated that the 
high expressions of LDHB were closely asso- 
ciated with advanced TNM stage, recurrence 
and poor survival. Thus, LDHB may be consid-
ered as a prognostic marker for tumor recur-
rence and poor overall survival in patients with 
osteosarcoma, and may be a potential promis-
ing therapy target in the treatment of osteosar-
coma in future. 
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