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Research on the effect of DHA on glucose metabolism in human lung
cancer cells and its anti-tumor mechanism
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Abstract

BACKGROUND AND OBJECTIVE:

Lung cancer is the most common malignant tumor and the leading cause of
cancer-related mortality worldwide. Non-small cell lung cancer (NSCLC) is the most
common type of lung cancer. Resistance of NSCLC cells to apoptosis is a major
obstacle in anticancer treatment. A unique characteristic of many tumor cells is
increased glucose uptake and elevated aerobic glycolysis. Glycolysis with generation
of lactate and reduced mitochondrial oxidative phosphorylation metabolism through
the tricarboxylic acid (TCA) cycle is commonly found in cancer cells. This
remarkable metabolic reprogramming, known as the Warburg effect, provides cancer
cells an advantage to grow even in regions with hypoxia. Accordingly, current
researches focus on the development of innovative compounds that promote the
apoptosis of therapy-resistant NSCLC cells. Dihydroartemisinin (DHA) is an
important derivative of Artemisinin, a natural product isolated from Chinese
medicinal herb Artemisia annua L. (qinghao). As a very potent anti-malarial drug,
DHA has been used as first-line therapeutics against malaria falciparum worldwide.
Recently, studies have shown that DHA has profound effect against breast cancer,
papillomavirus-expressing cervical cancer, liver cancer and pancreatic cancer.
Additionally, DHA has been shown to exert anticancer effects by induction of
apoptosis without obvious side effects in lung carcinomas. Moreover, ionizing
radiation potentiates DHA-induced NSCLC cells apoptosis. Apart from its prominent
pro-apoptotic effect, DHA affects cancer cell functions, including tumor cell
proliferation, angiogenesis, and immune regulation. However, the exact molecular
mechanisms of DHA anticancer effects remain to be fully investigated.

METHODS:

The MTT assay was used to access cytotoxicity. Western blotting was used to

determine the protein expression. To upregulate the expression of GLUT1 and Rheb

then to obserbve the change of cell viability. ATP content was determined over time



using the ATP Bioluminescent Somatic Cell Assay kit. Invasion, migration and
wound healing assays were used to test cell-matrix adhesion, invasion and migration
activities, and cellular motility. 2, 7-Dichlorofluorescin-diacetate (DCHF-DA) assay
was for analyzing intracellular ROS.

RESULTS:

Here, we showed that DHA decreased cell viability and colony formation,
induced apoptosis in A549 and PC-9 cells. Additionally, we first revealed DHA
inhibited glucose uptake in NSCLC cells. Moreover, glycolytic metabolism was
attenuated by DHA, including inhibition of ATP and lactate production.
Consequently, we demonstrated that the phosphorylated forms of both S6 ribosomal
protein and mechanistic target of rapamycin (mTOR), and GLUTI1 levels were
abrogated by DHA treatment in NSCLC cells. Furthermore, the upregulation of
mTOR activation by high expressed Rheb increased the level of glycolytic
metabolism and cell viability inhibited by DHA. These results suggested that
DHA-suppressed glycolytic metabolism might be associated with mTOR activation
and GLUT1 expression. Besides, we showed GLUT1 overexpression significantly
attenuated DHA-triggered NSCLC cells apoptosis. Notably, DHA synergized with
2-Deoxy-D-glucose (2DG, a glycolysis inhibitor) to reduce cell viability and increase
cell apoptosis in A549 and PC-9 cells. However, the combination of the two
compounds displayed minimal toxicity to WI-38 cells, a normal lung fibroblast cell
line. More importantly, 2DG synergistically potentiated DHAinduced activation of
caspase-9, -8 and -3, as well as the levels of both cytochrome ¢ and AIF of cytoplasm.
However, 2DG failed to increase the reactive oxygen species (ROS) levels elicited by
DHA. Overall, the data shown above indicated DHA plus 2DG induced apoptosis
was involved in both extrinsic and intrinsic apoptosis pathways in NSCLC cells.
CONCLUSIONS:

DHA plus 2DG induced apoptosis was involved in both extrinsic and intrinsic
apoptosis pathways in NSCLC cells. DHA was able to inhibit the invasion ability of
A549 in vitro, and the suppressed invasion activity was related to down-regulating the

phosphorylation level of mTOR.
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