
Journal of Cancer 2018, Vol. 9 
 

 
http://www.jcancer.org 

2580 

JJoouurrnnaall  ooff  CCaanncceerr  
2018; 9(14): 2580-2588. doi: 10.7150/jca.24896 

Research Paper 

Long non-coding RNA CRYBG3 regulates glycolysis of 
lung cancer cells by interacting with lactate 
dehydrogenase A 
Huaiyuan Chen1,2*, Hailong Pei1,2*, Wentao Hu1,2*, Ji Ma1,2, Jian Zhang1,2, Weidong Mao1,4, Jing Nie1,2, Chao 
Xu1,2, Bingyan Li3, Tom K. Hei1,5, Chang Wang1,2, and Guangming Zhou1,2 

1. School of Radiation Medicine and Protection, Medical College of Soochow University, Suzhou 215123, China  
2. Collaborative Innovation Center of Radiological Medicine of Jiangsu Higher Education Institutions, Suzhou 215123, China 
3. Medical College of Soochow University, Suzhou 215123, China 
4. The Second Affiliated Hospital of Soochow University, Suzhou 215123, China 

5. Center for Radiological Research, College of Physician and Surgeons, Columbia University, New York, NY 10032, USA 

*These authors contributed equally. 

 Corresponding authors: Guangming Zhou, 199 Renai Road, Suzhou 215123, China. Phone: +86 512 65884829; E-mail: gmzhou@suda.edu.cn and Chang Wang, 
199 Renai Road, Suzhou 215123, China. Phone: +86 512 65880067, E-mail: wangchang@suda.edu.cn 

© Ivyspring International Publisher. This is an open access article distributed under the terms of the Creative Commons Attribution (CC BY-NC) license 
(https://creativecommons.org/licenses/by-nc/4.0/). See http://ivyspring.com/terms for full terms and conditions. 

Received: 2018.01.12; Accepted: 2018.05.05; Published: 2018.06.23 

Abstract 

Cancer cells usually utilize glucose as a carbon source for aerobic glycolysis, a phenomenon known as the 
Warburg effect. And a high rate of glycolysis has been observed in lung cancer cells. The growing evidence 
indicates that long non-coding RNAs (lncRNAs) are important players in lung cancer initiation and progression. 
However, the correlation between lncRNAs and glycolysis remains unclear. In this study, we recognized a 
lncRNA, LNC CRYBG3, which can interact with lactate dehydrogenase A (LDHA), a vital enzyme of glycolysis, 
is highly upregulated in both clinical lung cancer tissues and in vitro cultured lung cancer cell lines. A positive 
correlation between the expression level of LNC CRYBG3 and LDHA expression levels is observed. In 
another hand, LNC CRYBG3 is a regulator of glycolysis and its overexpression promoted the uptake of glucose 
and the production of lactate whereas the knockdown of LNC CRYBG3 led to opposite results and suppressed 
cell proliferation. These results indicated that LNC CRYBG3 might be a novel target for lung cancer treatment. 
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Introduction 
Lung cancer is the leading cause of cancer 

mortality in the world [1]. As the major subtype, 
non-small cell lung cancer (NSCLC) comprises about 
85 percent of lung cancer cases [2]. In spite of 
advancements and efforts for treatment, the five-year 
survival rate of NSCLC is still poor with only 
approximately 15% [3, 4]. Although considerable 
progress on oncogenes has been developed, the 
molecular basis underlying NSCLC progression 
remains to be clarified. 

Cancer cells take up glucose and transform it 
into lactate under aerobic conditions, which is known 
as the Warburg effect. Sufficient amounts of 
nucleotides, proteins, and lipids derived from this 
type of glucose metabolism are required for cancer 

cell rapid growth and division [5]. Critical to this 
highly glycolytic phenotype is lactate dehydrogenase 
A (LDHA), which catalyzes the last step of aerobic 
glycolysis. Abnormal expression of LDHA has been 
observed in many human cancers, such as pancreatic 
cancer [6], hepatocellular carcinoma [7], and breast 
cancer [8]. Inhibition of LDHA reduces cell malignant 
transformation and remarkably delays tumor 
formation, indicating the underlying role of LDHA in 
tumor initiation or maintenance [9]. Related 
mechanisms of tumor progression inhibited by LDHA 
suppression have been revealed [10, 11]. In 
lymphoma, the reduction of LDHA induces oxidative 
stress and alters cellular energy metabolism, which 
ultimately contributes to cell death [10]. In breast 
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cancer, LDHA knockdown suppresses tumorigenicity 
through the induction of oxidative stress-mediated 
mitochondrial apoptosis [11]. 

Long non-coding RNA (lncRNA) is a set of 
RNAs without the function of encoding proteins, but 
regulating gene expression at chromatin modification, 
transcriptional or posttranscriptional levels [12]. 
Reports have demonstrated the biological functions of 
lncRNAs in several types of cancers, including 
ovarian cancer [13], renal cell carcinoma [14], gastric 
cancer [15], prostate cancer [16], hepatocellular 
carcinoma [17] as well as in lung cancer [18-20]. 
Moreover, the dysregulation of lncRNAs is harmful to 
human health, which is found to participate in 
tumorigenesis and progression [21]. It becomes 
well-known during the last decade that noncoding 
RNAs act as key regulators of cancer metabolism 
[22-24]. Cancer cells display increased metabolic 
autonomy by taking up nutrients avidly and 
regulating major metabolic pathways to support fast 
growth and proliferation [25]. However, the 
correlation between lncRNAs and glycolysis remains 
unclear. 

 In the present study, the relationship between a 
novel lncRNA, (named LNC CRYBG3) and LDHA 
and the influence of LNC CRYBG3 on glucose 
metabolism in lung cancer cells were revealed for the 
first time. Moreover, the cellular functions of LNC 
CRYBG3 were also explored. 

Materials and Methods 
Cell culture  

A549 and H1299 cells were maintained in 
RPMI-1640 medium (Sigma, St. Louis, MO, USA) 
supplemented with 10% fetal bovine serum (FBS, 
Gibco, Grand Island, NY, USA), 1% penicillin sodium 
and 100 µg/mL streptomycin, at 37°C in 5% CO2 in a 
humidified incubator (Thermo Scientific, NC, USA). 
Beas-2B cells were maintained in DMEM medium 
(Sigma, St. Louis, MO, USA) supplemented with 10% 
fetal bovine serum (FBS, Gibco, Grand Island, NY, 
USA), 1% penicillin sodium and 100 µg/mL 
streptomycin, at 37°C in 5% CO2 in a humidified 
incubator (Thermo Scientific, NC, USA). 

Quantitative real-time polymerase chain 
reaction (qRT-PCR) 

Cells were harvested at indicated time-points by 
using TRIzol reagent (Invitrogen, CA, USA). Total 
RNAs were reverse-transcribed using PrimeScript RT 
Reagent Kit (Takara, Kusatsu, Shiga, Japan). A PCR 
analysis was performed using PowerUp™ SYBR® 
Green Master Mix (Life Technologies, Grand Island, 
NY, USA), and amplified PCR products were 
quantified and normalized with GAPDH/18S rRNA. 

The PCR program was carried out with a Life 
Technologies system (Vii7A, NY, USA) and initiated 
by 2 min at 95°C before 40 thermal cycles, 30s each at 
95°C and 40s at 62°C with a final extension of 10 min 
at 72 °C. Data were analyzed by C(t) value 
comparison method and normalized by control 
expression in each sample. The primer set for LNC 
CRYBG3 were: (Forward: GAAGAGTGGAAGTGCG 
AAGGA; Reverse: GGCAATGACCCCATTAGCTC). 
The primer set for GAPDH were: (Forward: GCACCG 
TCAAGGCTGAGAAC; Reverse: TGGTGAAGACGC 
CAGTGGA).  

Gene silencing and overexpression  
1×105 A549 cells were transfected with 1×106 

LNC CRYBG3 shRNA lenti-virus particles (Sangon, 
Shanghai, China) for 24 h (cell line short as A549-sh 
cells). Control shRNA (cell line short as A549-LV-NC) 
and GFP lentivirus particles were also operated 
according to the manufacturer’s instruction. Cells 
were subsequently screened with MEM medium 
containing 2 µM puromycin (Invitrogen) and double- 
checked with RT-PCR. Adenovirus particles were 
used for LNC CRYBG3 over-expression (Sangon, 
Shanghai, China). 

Lactate dehydrogenase (LDH) assay 
Cell death was evaluated by the quantification of 

plasma membrane damage which resulted in the 
release of lactate dehydrogenase (LDH). The level of 
LDH released in the cell culture supernatant was 
detected by LDH cytotoxicity assay detection kit 
(Beyotime, shanghai, China) following the manufac-
turer’s instructions. 

Sample preparation for GC-MS analysis 
For GC-MS analysis, 2×106 cells were suspended 

in 200 μL of 100% methanol and stored at −80°C. After 
being thawed at room temperature, the suspensions 
were centrifuged at 14,000×g at 4°C for 5 min. Then, 
the supernatant was transferred into a new Eppendorf 
tube and dried by vacuum. The dried sample was 
re-dissolved in 50 µL of methoxyamine solution (15 
mg/mL). Afterwards, the sample was placed in a 
water bath of 70°C for 1h for the oximation reaction, 
which was followed by a silylation reaction with 50 
µL of N-Methyl-N-(trimethylsilyl)-trifluoroacetamide 
(MSTFA) (Sigma Aldrich, USA), also in a water bath 
of 70°C for 1h. Finally, the derivatized sample was 
centrifuged at 13,000 rpm for 15 min and the 
supernatant was used for the GC-MS analysis 
according to the reference [26].  

RNA pull down 
LNC CRYBG3, and antisense LNC CRYBG3 

transcript were synthesized and constructed into 
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18T-pMD plasmid. LNC CRYBG3 RNAs were 
obtained with a RNA in vitro transcription system 
containing biotin-labeled dUTP. Cells were harvested 
and resuspended in 1 mL ice-cold RIP buffer 
containing RNase and protease inhibitors (Magna 
RIP™ RNA-Binding Protein Immunoprecipitation 
Kit, Merck). The cell pellet shear was performed on ice 
using a Dounce homogenizer with 20 strokes and 
centrifuge at 15,000×g for 15 min at 4°C to clear the 
cell lysate. And then, the supernatant was transferred 
into a new tube. Folded RNA was then mixed with 
cell lysate and incubated at room temperature for 2 h. 
60 μL washed Streptavid in agarose beads were added 
to each binding reaction and further incubated at RT 
for 1 h. Beads were boiled in Laemmli loading buffer. 
Samples were used to perform SDS-PAGE and 
Western Blot assay.  

RNA immunoprecipitation analysis 
A549 cells were harvested by scraping cells in IP 

lysis buffer and mechanically sheared using a 
homogenizer. LDHA anti-body was added to the cell 
extract and incubated overnight at 4 °C. 
Streptavidin-coated magnetic beads were then added 
and incubated for 2 h at 16 °C. As followed, magnetic 
beads were resuspended in 1 mL TRIzol. The isolated 
RNA was reverse transcribed to cDNA and then 
analyzed by qRT-PCR. The PCR cycle parameters for 
LNC CRYBG3 enrichment and the primer pairs were 
seen as above. 

Western blot 
Cells were harvested and lysed using RIPA 

buffer. Samples were sonicated and centrifuged at 
12,000 g for 15 min at 4°C. The concentration of total 
protein was determined by using DC Protein Assay 
Kit I (Bio-Rad, Richmond, CA, USA). Then, the 
samples were denatured at 100°C for 5 min. Total 
proteins were separated by 12% SDS-PAGE and 
transferred to hybond nitrocellulose membrane 
(Amersham, NJ, USA). The membrane was blocked 
with 5% nonfat milk powder in Tris-buffered saline 
(pH 7.5) and hybridized overnight with primary 
antibodies β-tubulin, LDHA (Abcam, UK), which 
were then detected with horseradish peroxidase- 
conjugated anti-IgG for 2 h at room temperature and 
visualized with an ECL kit (Millipore, Billerica, MA, 
USA). Proteins expression levels were normalized to 
the loading controls basing on their intensity analyzed 
with Image J (National Institutes of Health, USA).  

Immunohistochemistry 
Histological sections of formalin-fixed paraffin-

embedded samples were analyzed for the presence of 
LDHA. After deparaffinization and antigen retrieval 

using an autoclave oven technique, sections (5 µm) 
were incubated at 4°C overnight and incubated with 
LDHA Rabbit Polyclonal Antibody (Abcam, UK) at 
4°C. Antigen-antibody complexes were detected by 
the cobalt-3, 3’-diaminobenzidine reaction. There 
were 10 mice in each group and the transplanted 
tumors from at least 3 mice were sliced for 
immunohistochemical staining. LDHA expression 
was shown in brown, the brown area and intensity 
were quantified by image J (National Institutes of 
Health, USA). 

Statistics 
All experiments were independently repeated at 

least three times and all data were presented as the 
mean ± standard error. Student’s t-tests were used for 
statistical analysis. Probability (p) values less than 0.05 
were considered to be statistically significant. 

Results 
LNC CRYBG3 is up-regulated in lung cancer. 

Lung cancer has been reported as the leading 
cause of cancer-related deaths worldwide. Based on 
the TCGA database, lung cancer patients with a high 
LDHA expression level showed a lower survival 
percentage than those with a low LDHA expression 
(Fig.1A). The “low” and “high” LDHA expression 
stand for lower or higher than 90% percent NSCLC 
samples (both 90% percentile). In our previous work, 
we identified a radiation-inducible lncRNA, LNC 
CRYBG3, and its potential target LDHA protein with 
Pull-down assay and Mass Spectrum (Supporting 
Figure S1), implying that LNC CRYBG3 might interact 
with LDHA protein in lung cancer. Therefore, we 
detected the expression of LNC CRYBG3 and LDHA 
in clinic lung cancer tissues and discovered the 
positive correlation between the expression level of 
LNC CRYBG3 and LDHA in lung carcinoma tissues 
or lung cancer cells. As shown in Fig.1B, the 
expression level of LNC CRYBG3 in NSCLC tissues 
was higher than that of normal tissues (p<0.05). 
Besides, the level of LNC CRYBG3 further increased 
in lung tissues after metastasis, which suggested the 
higher malignant tumors were associated with the 
higher expression level of LNC CRYBG3. Similarly, 
the expression level of LDHA in NSCLC tissues was 
also increased in lung tissues after metastasis (p<0.05, 
Fig.1C), which suggested the higher malignant 
tumors were associated with the higher expression 
level of LDHA. Considering the similar alternation 
trends of LNC CRYBG3 and LDHA expression in lung 
tissue after metastasis, the relationship between them 
was explored. We observed a positive correlation 
between the expression level of LNC CRYBG3 and 
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LDHA mRNA levels in the clinical lung cancer tissues 
(R2=0.8799, Fig. 1D). Moreover, a positive correlation 
between the expression level of LNC CRYBG3 and 
LDHA mRNA levels was observed in in vitro cultured 
cell lines (R2=0.8419, Fig. 1E). In order to further study 
about the function of LNC CRYBG3, two lung cancer 
cell lines and one epithelial lung cell line were chosen. 
Compared to the immortalized human embryonic 

lung cell line Beas-2B, the expression of both LNC 
CRYBG3 and LDHA mRNA was more prominent in 
the two human lung cancer cell lines, H1299 and A549 
(Fig.1F and 1G). The expression of both LNC CRYBG3 
and LDHA mRNA in H1299 cells was higher than 
A549 cells, respectively. These findings suggest that 
LNC CRYBG3 and LDHA may function as lung 
tumor promoters. 

 

 
Figure 1. LNC CRYBG3 is up-regulated in lung cancer. A, TCGA database shows a low patients survive percentage when LDHA mRNA expression level is high, whereas a high 
patients survive percentage when LDHA mRNA expression level is low. B, The absolute expression levels of LNC CRYBG3 were determined in 23 clinical lung cancer tissues and four normal 
lung tissues by using quantitative RT-PCR. C, The absolute expression levels of LDHA were determined in 23 clinical lung cancer tissues and four normal lung tissues by using quantitative 
RT-PCR. D, A significant positive correlation between LNC CRYBG3 mRNA expression and LDHA mRNA expression was observed in the clinical lung cancer tissues. E, A significant positive 
correlation between LNC CRYBG3 mRNA expression and LDHA mRNA expression was observed in the cells. F, The mRNA levels of LDHA in various cell lines were determined via 
qRT-PCR. β-tubulin was used as an internal control. Data are presented as the mean ± standard error (n = 3). G, The expression of LNC CRYBG3 in vitro cultured one immortalized human 
epithelial lung cell line Beas-2B and two human lung carcinoma cell lines, A549 and H1299, was also quantified with quantitative RT-PCR. All the experiments were independently repeated 
three times.   
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LNC CRYBG3 promotes glycolysis in lung 
cancer cells. 

Apart from being oxidized by aerobic respiration 
by tricarboxylic acid cycle (TCA), glucose can be 
degenerated to pyruvic acid and then transformed to 
lactate via glycolysis under aerobic conditions. To 
determine how LNC CRYBG3 regulate the glucose 
metabolism, glucose uptake, glycolysis, and TCA 
intermediates were assessed as well in both A549 cells 
and H1299 cells, in which the expression levels of 
LNC CRYBG3 were artificially modified with the 

adenovirus transfection for overexpression or small 
hairpin RNAs to knock down LNC CRYBG3 
(Supporting Figure S2). The results showed that 
over-expressed LNC CRYBG3 promoted glucose and 
pyruvate consumption, while knock-down of LNC 
CRYBG3 with shRNA reduced their consumption in 
both two cell lines (Fig. 2A, 2B & 2E). Moreover, 
lactate levels in the H1299 cell line displayed 
consistent alternation trends with the expression of 
LNC CRYBG3 (Fig. 2D). Which further confirming the 
correlation between LNC CRYBG3 and LDHA. 

Meanwhile, simultaneous transfection of 
both adenovirus and shRNA neutralized 
the pyruvate uptake and lactate 
production at least partially in H1299 
cell lines (Fig. 2B, 2D & 2F). It is 
noteworthy that there were no 
statistically significant changes in the 
levels of TCA intermediates including 
citrate, α-ketoglutarate, succinate, 
fumarate and malate, after LNC 
CRYBG3 overexpression or knock-down 
(Supporting Figure S3), which indicates 
that LNC CRYBG3 mainly regulates 
glycolysis in lung cancer and has little 
effect on the glucose oxidation 
metabolism through TCA. 

LNC CRYBG3 interacts with 
LDHA. 

Since LDHA is one of the key 
enzymes of glycolysis and also the 
potential target of LNC CRYBG3 as 
revealed by pull-down assay, we 
analyzed the impact of LNC CRYBG3 
expression on the catalytic activity of 
LDHA. As depicted in Fig. 3A, the 
LDHA activity in A549 cells remarkably 
increased when LNC CRYBG3 was 
overexpressed, whereas it was signif-
icantly inhibited when LNC CRYBG3 
was knocked-down. Overexpression of 
LNC CRYBG3 rescued the suppression 
of LDHA activity by its shRNAs. Similar 
change trends were observed in H1299 
cell line (Fig. 3B). Considering that the 
expression of LNC CRYBG3 is higher in 
H1299 cell line than that of A549 cell line 
(Fig.1G), the effect of overexpressed 
LNC CRYBG3 on LDHA activity was 
compromised. We further examined the 
expression of LDHA protein with 
Western blotting. Transfection of LNC 
CRYBG3 shRNA resulted in reduced 
expression of LDHA protein whereas the 

 

 
Figure 2. LNC CRYBG3 promotes glycolysis in lung cancer cells. A&B, Pyruvate uptake levels were 
measured by mass spectrum in the two lung cancer cell lines (A549, H1299) in which LNC CRYBG3 was expressed 
or knocked down, as described in the Methods. C&D Lactate production levels were measured in the stable cell 
lines in which LNC CRYBG3 was expressed or knocked down. E&F, Glucose uptake levels were measured in the 
stable cell lines in which LNC CRYBG3 was expressed or knocked down. The representative meanings of the 
symbols for each group were as below: Ctrl was control group, NC was negative control group, LNC CRYBG3 was 
LNC CRYBG3 overexpression group, sh1 was LNC CRYBG3 knocking down group, sh1+ LNC CRYBG3 was LNC 
CRYBG3 overexpressed after LNC CRYBG3 knocked down group. The experiments were independently repeated 
three time and the P value was calculated using the Student’s t-test.*, p< 0.05. 
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overexpression of LNC CRYBG3 induced the 
expression of LDHA protein (Fig. 3C & 3D). Basing on 
the LDHA protein expression in the lung cancer cells, 
the effect of LNC CRYBG3 on the LDHA proteins 
expression in subcutaneous xenotransplanted tumor 
was examined in nude mice. LNC CRYBG3 shRNA 
lenti-virus or LNC CRYBG3 overexpression lenti- 
virus were transfected in subcutaneous xenotrans-
planted tumor in nude mice (Supporting Figure S2C). 
As shown in Fig. 3E and 3F, the knockdown of LNC 
CRYBG3 dramatically suppressed the expression of 

LDHA protein. When LNC CRYBG3 was overexpre-
ssed, the LDHA protein levels were up-regulated, 
even though the changes were not significant. RNA 
pull-down assay combined with mass spectrometry 
showed that LDHA is one of the candidate targets of 
LNC CRYBG3. Therefore, RNA pull-down assay and 
RNA immunoprecipitation assay were performed, 
which displayed that LDHA was pulled down by 
LNC CRYBG3 (Fig. 3G) and LNC CRYBG3 was 
precipitated by LDHA (Fig. 3H).These results demo-
nstrated the interaction of LNC CRYBG3 with LDHA. 

 

 
Figure 3. LNC CRYBG3 interacts with LDHA. A&B, The activity of LDH dehydrogenase were analysed by LDH Cytotoxicity Assay Kit. C&D, The protein levels of LDHA were 
determined by Western blotting. The intensity of each band was quantified with ImageJ. The experiments were independently repeated three times. E, Detection of LDHA immunoreactivity 
in transplanted tumor. The experiments were independently repeated three times. F, Brown indicates the amount of LDHA expression, the brown area and depth were statistics by image J. 
G, A demonstration of the results of RNA pull-down analysis. LNC CRYBG3, and antisense LNC CRYBG3 transcript were synthesized and constructed into 18T-pMD plasmid. LNC CRYBG3 
RNAs were obtained with a RNA in vitro transcription system containing biotin-labeled dUTP. Cells were harvested and resuspended in RIP buffer containing RNase and protease inhibitors. 
Folded RNA was then mixed with cell lysate and incubated at room temperature. Streptavid in agarose beads were added to each binding reaction and incubated at RT. Samples were used 
to perform SDS-PAGE and Western Blot assay. H, Histogram of LNC CRYBG33 enrichment after RNA immunoprecipitation assays (RIP) with LDHA antibodies. A549 cells were lysed in RIP 
lysis buffer. Cell extracts were incubated with magnetic beads conjugated with LDHA antibody. Samples were incubated with Proteinase K to isolate immunoprecipitated RNA. The purified 
RNA was used to qRT-PCR analysis. The P value was calculated using the Student’s t-test.*, p < 0.05; ***, p < 0.01. 
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Figure 4. Effects of LNC CRYBG3 in lung cancer cell proliferation. A&B, Growth cureves. The amount of the indicated stable cells cultured in vitro was counted at different time 
points. Data are presented as mean ± standard error. The P value was calculated using the Student’s t-test.*, p < 0.05. 

 

Knockdown of LNC CRYBG3 suppresses lung 
cancer cell proliferation. 

Given that LNC CRYBG3 expression was 
up-regulated in lung cancer, we wondered whether it 
is involved in regulating the biological behaviors of 
lung cancer cells. Basing on the high expression of 
LNC CRYBG3 in the lung cancer cells (Fig. 1), we 
constructed stable cell lines expressing small hairpin 
RNAs of LNC CRYBG3 in A549 and H1299 cells. The 
results indicated that the knockdown of LNC 
CRYBG3 led to suppressed cell proliferation (Fig. 4A 
and 4B). Taken together, these findings showed that 
LNC CRYBG3 is positively correlated with lung 
cancer cell proliferation. 

Discussion 
In recent years, accumulating evidence indicates 

that dysregulation of lncRNA expression causes 
complex human diseases including human malig-
nancies [27-29]. The abnormal expression of lncRNAs 
is also involved in cancer cell growth or metastasis as 
well as lung cancer [19, 30, 31]. LncRNAs can 
participate in various biological process, such as cell 
differentiation, transcriptional control, invasion and 
reprogramming stem cell [32, 33]. However, the 
underlying mechanism of lncRNA in lung cancer is 
still unclear. Our previous work has identified a 
radiation-inducible lncRNA, named LNC CRYBG3 
[42]. In this report, we found that the average level of 
LNC CRYBG3 in lung cancer tissues was significantly 
higher than that of normal lung tissues and positively 
correlated with their malignancy. In recent studies, 
multiple lncRNAs have been explained in lung 
cancer. For example, MALAT1 exerts oncogenic 
functions in lung cancer [29], lncRNA DB327252 has 
an oncogene-like function in lung cancer [34], and 
lncRNA PVT1 promotes cell proliferation, migration, 
and invasion in NSCLC [18]. To our best knowledge, 
it is the first time to report the role of LNC CRYBG3 in 
lung cancer. The proliferation assay in our study 
showed that the overexpression of LNC CRYBG3 

significantly promoted lung cancer cell proliferation, 
while the downregulation of endogenous LNC 
CRYBG3 inhibited cell proliferation. These findings 
suggested that LNC CRYBG3 plays an important role 
in regulating in lung cancer progression and might be 
a potential target for lung cancer treatment. 

Cancer metabolism is characterized as aerobic 
glycolysis or Warburg effect, which affects TCA 
metabolism and causes the unusual utilization of 
glucose for producing lactate even in sufficient 
oxygen [35]. However, whether lncRNAs are involved 
in the Warburg effects remain unknown. It has been 
reported that lncRNAs CRNDE could promotes the 
metabolic changes by which cancer cells switch to 
aerobic glycolysis (Warburg effect) [36]. In our study, 
the levels of main metabolites involved in TCA cycle 
including citrate, α-ketoglutarate, succinate, fumarate 
and malate didn’t show significant alternations 
(Supporting Figure S3) after either overexpression or 
knockdown of LNC CRYBG3 in A549 and H1299 lung 
cancer cell lines. Nevertheless, the pyruvate and 
lactate in aerobic glycolysis displayed evidently 
opposite change trends when LNC CRYBG3 level was 
modified. These results indicated that LNC CRYBG3 
could regulate metabolism in lung cancer mainly by 
affecting glycolysis rather than TCA cycle. 

LDHA, which catalyzes the last step of aerobic 
glycolysis, is a major subunit of LDH. It is involved in 
early carcinogenesis and tumor progression [37]. 
Abnormal LDHA expression is universal in many 
human cancers, such as pancreatic cancer[6], 
hepatocellular carcinoma [7], and breast cancer [8], 
etc. According to our research, there is a high LDHA 
mRNA level in lung cancer cell lines A549 and H1299, 
as well as the high LDHA protein level in tumor 
tissues. However, the response of LDHA activity in 
H1299 cells with altered CRYBG3 seemed to be 
insignificant. The possible reason is that LNC 
CRYBG3 background expression in the H1299 cells is 
higher than that in A549 cells, then overexpression of 
the LNC CRYBG3 hardly resulted in any additive 
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effect on the H1299 cell line (Fig.3B). In addition, 
LDHA is also reported to be an adverse independent 
prognostic factor for lung cancer [38]. As far as we 
know, LDHA is regulated by some factors, including 
HIF hydroxylase, H2S and MiR449a [39-41]. However, 
the relationship between lncRNAs and LDHA hasn’t 
been revealed yet. In our report, we discovered that 
LDHA mRNA levels positively correlated with the 
expression levels of LNC CRYBG3 and the LDHA 
activity is specifically upregulated by LNC CRYBG3. 
Pull down assay and RIP assay also identified LNC 
CRYBG3 interacts with LDHA. All these results 
demonstrated that LNC CRYBG3 is a regulator in 
lung cancer by interacting with LDHA and promoting 
the aerobic glycolysis. To the best of our knowledge, 
this is the first paper to report the interaction between 
lncRNA and LDHA in lung cancer. 

In summary, LNC CRYBG3 could regulate lung 
cancer metabolism through interacting with LDHA. 
Our findings suggested that, LNC CRYBG3 plays an 
important role in lung cancer progression by 
promoting the LDHA-mediated Warburg effect and it 
may be served as a novel target for the treatment of 
lung cancer. And, the underlying mechanisms of LNC 
CRYBG3 in interacting with LDHA remained to be 
clarified in our following studies. 

Supplementary Material  
Supplementary figures. 
http://www.jcancer.org/v09p2580s1.pdf  
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