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anticancer therapy by targeting glucose metabolism.

Abstract: Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related deaths. Compound K, an active metabolite of ginsenosides, is reported to
exhibit anti-cancer property in various types of human malignancies. The present study investigated the role of compound K on glucose metabolism in NSCLC
cells and its underlying mechanism. Our study found that compound K dose-dependently inhibited the cell viability of NSCLC cells. Moreover, administration with
compound K decreased glucose uptake and lactate secretion under normoxic and hypoxic conditions. Consistently, the expression of key enzymes (HK 11, PDK 1
and LDHA) involved in glucose metabolism were inhibited in compound K-treated tumor cells. In addition, compound K inhibited the expression of HIF-1a and
its downstream gene GLUT 1. On the contrary, overexpression of HIF-1a elevated metabolic reactions and partly attenuated the inhibitory role of compound K on
NSCLC cell growth. These results demonstrate that compound K suppresses NSCLC cell growth via HIF-10 mediated metabolic alteration, contributing to novel
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Introduction

Lung cancer is the leading cause of cancer-related
death, in which 80% of lung cancers are non-small cell
lung cancer (NSCLC) with poor therapeutic efficacy
when diagnosed (1,2). Despite of the great improve-
ment achieved in cancer therapy, approximately 40%
of patients with NSCLC present with advanced-stage
disease, for which 5-year survival rates are in the region
of 2% (3). Therefore, it is urgent to develop novel thera-
peutic approach for clinical treatment of NSCLC.

As a major metabolite of ginsenosides, compound
K (20-O-(b-D-glucopyranosyl)-20(S)-protopanaxadiol)
is widely studied for its anti-inflammatory response,
anti-cancer and neuroprotective activities. It has been
reported that compound K could inhibit the prolifera-
tion, migration and induce apoptosis in several human
malignancies such as pulmonary adenocarcinoma, mye-
loid leukemia, hepatoma cells, and gastric adenocarci-
noma (4-6). Furthermore, compound K also possesses
chemosensitive activity against chemical carcinogens,
and impairs tumor growth and metastasis in vivo, which
is mediated by 12-O-tetradecanoylphorbol-13-acetate-
induced cyclooxygenase-2 expression (7,8). These fin-
dings reveal the great potential of compound K in clini-
cal treatment of human cancers.

In tumor cells, metabolic reprogramming is belie-
ved to be one of the hallmarks in parallel with chro-

nic inflammation, genomic instability, immune escape,
etc. (9). Aerobic glycolysis, termed the Warburg effect,
is a characteristic metabolic feature of cancer cells, in
which tumor cells tend to produce large amounts of lac-
tate from glucose, regardless of the available oxygen
levels (10). Based on this theory, targeting metabolic
reprogramming of tumors may be a novel therapeutic
approach for human cancers. Indeed, studies have re-
ported that compound K is active in biological systems
and inhibits glucose uptake in cancer cells, suggesting
that compound K may be pivotal in metabolic repro-
gramming of malignant cells (11). However, little is
known about the metabolic regulation by compound K
in NSCLC cells. Therefore, the present study aimed to
identify the potential therapeutic effects of compound K
on human lung cancer. Furthermore, we investigated the
molecular mechanism by which compound K exhibited
such anti-cancer effects.

Materials and Methods

Cell culture

Human lung cancer cell lines, including NCI-H460,
A549 and NCI-H1299 cell lines, and the HBE human
bronchial epithelial cell line were purchased from Ame-
rican Type Culture Collection (Manassas, VA, USA)
and cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum,
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100 U/mL penicillin and 100 pg/mL streptomycin (Invi-
trogen). All cells were maintained at 37°C in 5% CO,
incubator.

Cell viability assay

A total of 1x10* cells for each well were seeded in
48-well plates for overnight. The medium was replaced
with fresh medium with or without compound K at the
indicated concentrations (10, 20, 30, 40, and 50 pg/ml).
Cell viability was measured using the 3-[4,5 dimethyl-
thiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT)
assay. Absorbance was measured at 570 nm using a
Microplate Reader.

Real time PCR

Total RNAs were isolated from cultured cells using
RNeasy mini-kit (Qiagen, Germany) and reversely
transcribed into cDNA using TaKaRa RNA PCR Kit
(TaKaRa, Japan) at the following conditions: 42°C for
30 min and 99°C for 5 min. Real time PCR was per-
formed on ABI 7600 system with the following condi-
tions: 95°C for 1 min followed by 40 cycles of 95°C
for 30 s, annealing for 30 s and 72°C for 1 min. The
primer sequences were shown as follows: HK II: (sense)
5’-AATGGAGCGAGGTCTGAGCAA-3’; (antisense)
5’-CTCCAAGGTCCAAGGCCAAG-3". PDK1:

(sense) 5’-CATGTCACGCTGGGTAATGAGG-3’;
(antisense)  5’-GAGGTCTCAACACGA  GGTCT-
TGG-3°. LDHA: (sense) 5-CATGGCCTGTGC-

CATCAGTATC-3’; (antisense) 5’-TGCCAG AGA-
CAATCTTTGGTGTTC-3’. HIF-1a: (sense) 5’-CAGC-
CGCTGGAGACACAATC-3’; (antisense) 5°-TTT-
CAGCGGTGGGTAATGGA-3’.  GLUTI1: (sense)
5’- CCAGCCACACAAAACCACTG-3’; (antisense)
5~ GCGAAAATGGATACCGCCAC-3’.  B-actin:
(sense) 5’-CTGTCCCTGTATGCCTCT-3’; (antisense)
5’-ATGTCACGCACGATTTCC-3’ .All reactions were
performed in ftriplicate. The relative expression of
each gene was calculated by using the comparative CT
method.

Measurement of glucose uptake

Glucose consumption was measured by using an
Amplex Red Glucose/Glucose Oxidase kit (Invitrogen,
Eugene, USA) according to the manufacturer’s proto-
col. In brief, cells were treated with compound K for 24
h. Then, the culture media supernatant was discarded
and the cells were washed in a glucose-free medium.
The concentration of glucose uptake was determined by
using a microplate spectrophotometer (Thermo Fisher
Scientific, USA).

Measurement of lactate production

Lactate generation was measured by using a Lac-
tic Acid Assay Kit (KeyGen Biotech, Nanjing, China)
according to the manuscripts’ instruction. In brief, cells
were treated with compound K for 24 h. Then, the
culture media supernatant was collected for the detec-
tion of lactate generation. The absorbance was determi-
ned by microplate spectrophotometer (Thermo Fisher
Scientific, USA).

Western blot
Cancer cells were lysed in cell lysis buffer (Cell Si-

gnaling, Danvers, MA, USA). The protein samples were
subject to electrophoresis using SDS-PAGE and then
transferred to nitrocellulose membranes (Millipore, Bil-
lerica, MA, USA). The membranes were incubated with
primary antibodies overnight, and then incubated with
appropriate horseradish peroxides—conjugated seconda-
ry antibodies for 2 h. Finally, protein bands were detec-
ted using an Enhanced Chemiluminescence kit (Pierce,
Rockford, IL).

Statistical analysis

Experimental data were presented as means + SD
and treated for statistics analysis by SPSS 19.0 software
(Chicago, IL, USA). Comparison between groups was
made using ANOVA and statistically significant diffe-
rence was defined as P<0.05.

Results

Compound K induces cell death in lung cancer cells

Firstly, lung cancer cell lines (NCI-H460, A549 and
NCI-H1299) and the HBE human bronchial epithelial
cell line were treated with different concentrations of
compound K to investigate the cytotoxic activity of
compound K against these cells. After 24h, cell viability
was measured using the MTT assay. Consequently, com-
pound K inhibited the cell viability of NCI-H460 lung
cancer cells in a dose-dependent manner (Figure 1A). In
addition, we observed a similar inhibitory effect of com-
pound K on A549 (Figure 1B) and NCI-H1299 cell lines
(Figure 1C). However, the proliferation of HBE bron-
chial epithelial cells was not affected by compound K at
low concentrations (10, 20, 30, 40 pg/ml) (Figure 1D).
Therefore, these data suggest that compound K could
inhibit the proliferation of NSCLC cells. And 40 pg/ml
of compound K was selected for further study.

Compound K suppresses glucose metabolism in lung
cancer cells

Tumor cells are characterized by elevated glucose
uptake and lactate production, regardless of the avai-
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Figure 1. Compound K induces cell death in lung cancer cells.
Three human NSCLC cell lines including NCI-H460 (A), A549
(B), NCI-H1299 (C) and HBE (D) were treated with compound K
at indicated concentrations. MTT assay was performed to measure
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the cell viability of tumor cells. Results are expressed as mean +
SD, * P <0.05.
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Figure 2. Compound K suppresses glucose metabolism in lung
cancer cells. NCI-H460 cells were treated with or without com-
pound K under normoxic or hypoxic conditions. The glucose up-
take (A) and lactate generation (B) were detected in tumor cells
under normoxic (21% O,) or hypoxic (5% O,) conditions. Results
are expressed as mean + SD, * P <0.05.
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Figure 3. Effects of compound K on the expression of metabolic
enzymes in lung cancer cells. NCI-H460 cells were treated with or
without compound K for 24 h. Then, real time PCR was performed
to detect the mRNA levels of HK II (A), PDK1 (B) and LDHA (C).
Moreover, western blot was used to measure the protein expression
of HK II, PDK1 and LDHA (D). Results are expressed as mean +
SD, ** P <0.01.

lable oxygen levels. Thus, we detected the glucose
metabolism of lung cancer cells treated with or without
compound K under normoxic (21% O,) or hypoxic (5%
0,) conditions. As a result, compound K treatment inhi-
bited the glucose consumption and lactate production in
NCI-H460 lung cancer cells under normoxic conditions;
and the differences are further increased under hypoxic
conditions (Figure 2A and B). In addition, we examined
the expression levels of key enzymes (HK II, PDKI,
LDHA) involved in the glucose metabolism reactions.
Consequently, compound K administration obviously
decreased the mRNA levels of HK II, PDK1 and LDHA
(Figure 3A-C). Moreover, western blot analysis also re-
vealed the reduction of HK II, PDK1 and LDHA at the
protein levels in lung cancer cells after treatment with
compound K (Figure 3D). These results supported the
observation that compound K suppresses lung cancer
cell growth by inhibiting glucose metabolism levels.

Compound K reduces HIF-1o expression of in lung
cancer cells

It is well known that HIF-1a functions as a critical
transcriptional regulator of glycolysis. We further detec-
ted the expression of HIF-1a in NCI-H460 lung cancer
cells. Real time PCR showed that compound K adminis-
tration suppressed the mRNA and protein levels of HIF-
la in NCI-H460 cells both under normoxic and hypoxic
environment (Figure 4A and C). In addition, the expres-
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Figure 4. Compound K reduces HIF-1a expression of in lung can-
cer cells. NCI-H460 cells were treated with or without compound
K under normoxic (21% O,) or hypoxic (5% O,) conditions. Then,
real time PCR was performed to detect the mRNA levels of HIF-1a
(A) and GLUT1 (B). In addition, western blot was used to mea-
sure the protein expression of HIF-1o and GLUT1 (C). Results are
expressed as mean + SD, ** P <0.01.
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Figure 5. Effects of compound K on glucose metabolism in HIF-
la over-expressed lung cancer cells. NCI-H460 cells were trans-
fected with HIF-1a-encoding plasmids and treated with or without
compound K. Real time PCR (A) and western blot (B) were used
to measure the mRNA and protein expression of HIF-1a. Altera-
tion of glucose uptake (C), lactate generation (D) and cell viability
(E) were measured in NCI-H460 cells. Results are expressed as
mean £ SD, ** P <0.01.

sion of GLUT1, a HIF-1a-dependent enzyme, was also
down-regulated in lung cancer cells after compound K
treatment (Figure 4B and C). Collectively, these data
suggest that compound K could inhibit the expression of
HIF-10, which leads to decreased glucose metabolism
in lung cancer cells.

Overexpression of HIF-1a attenuates the inhibitory
effects of compound K on glucose metabolism

We further investigated the role of HIF-1a in the me-
tabolic regulation of compound K. As shown in Figure
5A and B, HIF-1a was upregulated by transfecting HIF-
la plasmid in NCI-H460 cells. In addition, we detected
the role of HIF-1a on compound K- mediated metabolic
changes. Consequently, up-regulation of HIF-1a eleva-
ted the glucose uptake and lactate product (Figure 5C
and D). Furthermore, overexpression of HIF-la also
attenuated the inhibitory effect of compound K on lung

Cell Mol Biol (Noisy le Grand) 2019 | Volume 65 | Issue 4

50



Hua-fei Chen et al.

Compound K inhibits NSCLC cell growth via HIF-1a.

cancer cell growth (Figure S5E). Taken together, these
results suggest that the regulation of compound K on
glucose metabolism and cell growth is mediated by the
involvement of HIF-1a pathway.

Discussion

NSCLC accounts for 80% of lung cancers with poor
therapeutic efficacy when diagnosed. Cell death is a
complex process that is coordinately or independently
mediated by various cellular and molecular events. Thus,
therapeutic approaches designed to destroy growth of
malignant tumor cells are important for the treatment of
lung cancer(12,13). The present study found that com-
pound K could exhibit a therapeutic efficacy for lung
cancer via HIF-1a-regulated glucose metabolism.

Panax Ginseng, a traditional medicinal herb, has been
widely prescribed in oriental countries for thousands of
years due to its diverse pharmaceutical effects, inclu-
ding anti-fatigue, anti-stress, anti-inflammation, adjus-
ting blood pressure and immunoregulation (14,15). In
addition, the anti-tumor effect of intake of ginseng has
been reported in various types of human cancer (16).
As a major ginsenoside metabolite, compound K has
exhibited therapeutic potentials on human cancers (e.g.,
gastric cancer, hepatocellular carcinoma, lung cancer,
leukemia) by regulating cancer cell growth, apoptosis,
cell cycle arrest and metastasis (17,18). Consistently,
our study also found that compound K inhibited the cell
viability of lung cancer cells in a dose-dependent man-
ner.

The “Warburg effects” refers to the phenomenon that
cancer cells reprogram metabolic pathways for their
bioenergetic and biosynthetic requirements. Increased
glutamine metabolism, aerobic glycolysis, fatty acid
and nucleotide synthesis has been linked to growth of
malignant cancer cells (19). Correspondingly, inhibi-
tion of glucose metabolism may be a novel strategy
against cancer progression. In our study, compound K
treatment could inhibit the glucose uptake and lactate
secretion and such differences were further increased
under hypoxic conditions. It has been reported that
many enzymes of glucose metabolism play a critical
role in glucose metabolism, such as GLUTs, HK II, and
LDHA (20). In our study, compound K administration
obviously decreased the expression of HK II, PDK1 and
LDHA both at mRNA and protein levels.

In the tumor microenvironment, cancer cells can
adapt to low oxygen and switch on glycolytic meta-
bolism to meet the demand for bioenergy (21). HIF-
la -induced glycolytic enzymes is required for energy
production under the condition of insufficient oxygen
supply (22). In addition, HIF-1a is considered to initiate
the molecular response of oxygen-regulated genes un-
der hypoxic conditions (23). Overexpression of HIF-1a
has been reported in various human malignancies, such
as breast, prostate, lung and liver cancers (24). Moreo-
ver, targeting of HIF-1a by chemical inhibitors may be a
potential cancer therapy(25). In the present study, admi-
nistration with compound K inhibited the expression of
HIF-1a and its downstream gene, GLUT1, under nor-
moxic and hypoxic conditions. To further validate the
role of HIF-1a in the metabolic regulation, plasmids en-
coding HIF-1a were transfected into lung cancer cells.

As a result, up-regulation of HIF-1la elevated glucose
metabolism, contributing to enhanced lung cancer cell
growth.

In conclusion, these data reveal that compound K
may suppress the proliferation of NSCLC cells via HIF-
la mediated glucose metabolism. This study provides
novel information of metabolic regulation of compound
K, which contributes to its potential anticancer therapy
by targeting glucose metabolism.

Acknowledgements

The Science and Technology Planning project of Zhe-
jiang Province (LGF19H160002), the Medical Scienti-
fic Research Foundation of Zhejiang Province of China
(2019RC027), the Technology Bureau of Jiaxing City of
Zhejiang Province (2016AY23087, 2017BY 18050 and
2018AD32163), Scientific research foundation of Zhe-
jiang Medical Association (2018ZYC-B5) and Xisike-
Hanson Cancer Research Foundation (Y-HS2019-20).

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal
A. Global cancer statistics, 2012. CA Cancer J Clin 2015;65:87-108.
2. Torre LA, Siegel RL, Jemal A. Lung Cancer Statistics. Adv Exp
Med Biol 2016;893:1-19.

3. Schiller JH, Harrington D, Belani CP, Langer C, Sandler A,
Krook J, et al. Comparison of four chemotherapy regimens for ad-
vanced non-small-cell lung cancer. N Engl J Med 2002;346:92-8.

4. Zhang X, Zhang S, Sun Q, Jiao W, Yan Y, Zhang X. Compound
K Induces Endoplasmic Reticulum Stress and Apoptosis in Human
Liver Cancer Cells by Regulating STAT3. Molecules 2018;23.

5. ChenJ, Si M, Wang Y, Liu L, Zhang Y, Zhou A, et al. Ginseno-
side metabolite compound K exerts anti-inflammatory and analgesic
effects via downregulating COX2. Inflammopharmacology 2018.
6. Lee S, Kwon MC, Jang JP, Sohng JK, Jung HJ. The ginsenoside
metabolite compound K inhibits growth, migration and stemness of
glioblastoma cells. IntJ Oncol 2017;51:414-24.

7. Kim AD, Kang KA, Kim HS, Kim DH, Choi YH, Lee SJ, etal. A
ginseng metabolite, compound K, induces autophagy and apoptosis
via generation of reactive oxygen species and activation of JNK in
human colon cancer cells. Cell Death Dis 2013;4:¢750.

8. Kang KA, Piao MJ, Kim KC, Zheng J, Yao CW, Cha JW, et al.
Compound K, a metabolite of ginseng saponin, inhibits colorectal
cancer cell growth and induces apoptosis through inhibition of his-
tone deacetylase activity. Int J Oncol 2013;43:1907-14.

9. Ward PS, Thompson CB. Metabolic reprogramming: a cancer
hallmark even warburg did not anticipate. Cancer Cell 2012;21:297-
308.

10. Feng Y, Liu J, Guo W, Guan Y, Xu H, Guo Q, et al. Atg7 inhi-
bits Warburg effect by suppressing PKM2 phosphorylation resulting
reduced epithelial-mesenchymal transition. Int J Biol Sci
2018;14:775-83.

11. Chang TC, Huang SF, Yang TC, Chan FN, Lin HC, Chang WL.
Effect of ginsenosides on glucose uptake in human Caco-2 cells is
mediated through altered Na+/glucose cotransporter 1 expression. J
Agric Food Chem 2007;55:1993-8.

12. Lucenay KS, Doostan I, Karakas C, Bui T, Ding Z, Mills GB,
et al. Cyclin E Associates with the Lipogenic Enzyme ATP-Citrate
Lyase to Enable Malignant Growth of Breast Cancer Cells. Cancer
Res 2016;76:2406-18.

13. Lu F, Chen Y, Zhao C, Wang H, He D, Xu L, et al. Olig2-De-
pendent Reciprocal Shift in PDGF and EGF Receptor Signaling Re-
gulates Tumor Phenotype and Mitotic Growth in Malignant Glioma.

Cell Mol Biol (Noisy le Grand) 2019 | Volume 65 | Issue 4

51



Hua-fei Chen et al.

Compound K inhibits NSCLC cell growth via HIF-1a.

Cancer Cell 2016;29:669-83.

14. Shergis JL, Zhang AL, Zhou W, Xue CC. Panax ginseng in
randomised controlled trials: a systematic review. Phytother Res
2013;27:949-65.

15. Ru W, Wang D, Xu Y, He X, Sun YE, Qian L, et al. Chemical
constituents and bioactivities of Panax ginseng (C. A. Mey.). Drug
Discov Ther 2015;9:23-32.

16. Wong AS, Che CM, Leung KW. Recent advances in ginseng
as cancer therapeutics: a functional and mechanistic overview. Nat
Prod Rep 2015;32:256-72.

17. Chen L, Meng Y, Sun Q, Zhang Z, Guo X, Sheng X, et al. Ginse-
noside compound K sensitizes human colon cancer cells to TRAIL-
induced apoptosis via autophagy-dependent and -independent DR5
upregulation. Cell Death Dis 2016;7:¢2334.

18. Xiao J, Chen D, Lin XX, Peng SF, Xiao MF, Huang WH, et al.
Screening of Drug Metabolizing Enzymes for the Ginsenoside Com-
pound K In Vitro: An Efficient Anti-Cancer Substance Originating
from Panax Ginseng. PLoS One 2016;11:¢147183.

19. Tran Q, Lee H, Park J, Kim SH, Park J. Targeting Cancer Meta-
bolism - Revisiting the Warburg Effects. Toxicol Res 2016;32:177-
93.

20. Schell JC, Olson KA, Jiang L, Hawkins AJ, Van Vranken JG,
Xie J, et al. A role for the mitochondrial pyruvate carrier as a repres-

sor of the Warburg effect and colon cancer cell growth. Mol Cell
2014;56:400-13.

21. Pottier C, Wheatherspoon A, Roncarati P, Longuespee R, Herfs
M, Duray A, et al. The importance of the tumor microenvironment in
the therapeutic management of cancer. Expert Rev Anticancer Ther
2015;15:943-54.

22. Balamurugan K. HIF-1 at the crossroads of hypoxia, inflamma-
tion, and cancer. Int J Cancer 2016;138:1058-66.

23. Gariboldi MB, Taiana E, Bonzi MC, Craparotta I, Giovannar-
di S, Mancini M, et al. The BH3-mimetic obatoclax reduces HIF-
lalpha levels and HIF-1 transcriptional activity and sensitizes
hypoxic colon adenocarcinoma cells to 5-fluorouracil. Cancer Lett
2015;364:156-64.

24. Balamurugan K. HIF-1 at the crossroads of hypoxia, inflamma-
tion, and cancer. Int J Cancer 2016;138:1058-66.

25. Semenza GL. HIF-1: upstream and downstream of cancer meta-
bolism. Curr Opin Genet Dev 2010;20:51-6.

26. Gariboldi MB, Taiana E, Bonzi MC, Craparotta I, Giovannar-
di S, Mancini M, et al. The BH3-mimetic obatoclax reduces HIF-
lalpha levels and HIF-1 transcriptional activity and sensitizes
hypoxic colon adenocarcinoma cells to 5-fluorouracil. Cancer Lett
2015;364:156-64.

Cell Mol Biol (Noisy le Grand) 2019 | Volume 65 | Issue 4

52



