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Abstract

Thymoquinone (TQ), an anticancer compound extracted from nigella sativa oil. Cancer is life
threatening disease. Reprogramming of cancer cell metabolism is key regulatory in hallmark
of cancer. The development of metabolic changes in cancer cell and effect of TQ alter
metabolic signature is not well studied. The aim of our study evaluates anti-cancer activity of
thymoquinone on different leukemia cell lines, to advance the understanding of the metabolism
of leukemia cell line using LC/MS-MS analysis, to identify the differences effect of
Thymoquinone on metabolic pathway and compound and gene expression validation for
DNMT1, DNMT3A, DNMT3B, TET1, TET2, and TET3 with TQ. In our study we used Jurkat
cell line as a model of Acute human T cell leukemia cells, HL-60 cell line as a model of Acute
human promyelocytic leukemia cells and K-562 cell line as a model of an erythroleukemia cell
line derived from a chronic myeloid leukemia patient. All leukemic cells were cultured in vitro
and treated with 5 uM and 10 uM of TQ. The cell viability was measurement by trypan blue.
Cell proliferation was evaluated by the WST-1 assay. Cell death and cell cycle was determined
using flow cytometry. Morphology analysis stained with Giemsa stain reagents. Several
signaling genes expressions were investigated of metabolic and epigenetics including DNMT1,
DNMT3A, DNMT3B, TETL1, TET2 and TET3 were evaluated and validated using RT-PCR.
We studied untargeted metabolome of Jurkat and HL-60 and alteration in their metabolic
pathway during TQ treatment. The present data demonstrated that TQ anti-proliferative effects
on leukemic cells as detected by the trypan blue and WST-1 assay. On the other hand, 335
metabolites showed alternated levels in HL-60 and Jurkat cell lines. Pathway analysis and
metabolites ontology analysis was performed using in silico analysis. Primarily, there was a

dramatic increase in Thymine Glycol, a metabolite known to induce DNA damage.



Simultaneously, sharp decrease was observed in cellular guanine levels, clearly suggesting
alternation in nucleotide metabolism. In addition, a-ketoglutarate level was decrease is in both
cell lines. Further, reduced accumulation of metabolites was found for fumarate and palmitic
acid, which are involved in cell survival.

Moreover, gene expression of number metabolic and epigenetics related genes including
DNMT1, DNMT3A, DNMT3B, TET1, TET2 and TET3 were evaluated and validated using
RT-PCR. All leukemic cells were cultured and treated by TQ. Then, cells were collected for
RNA isolation. The level of TET1 and TET3 is higher in all Jurkat and K-562 but in HL-60
there is no significant change. DNMT3A and DNMT3B were significantly higher during TQ
treatment in all cell lines.

Our research has proven that Thymoquinone fight disease including tumors. TQ, which has
proven to be effective as anti-cancer and plays a role in prevention. Our study for the first time
showed the metabolic landscape of cancer cells during TQ treatment in suppressing human
leukemia. TQ alters primarily nucleotide metabolism and promotes metabolites involved in
genomic damage and ultimately cell death. TQ significantly recuses P<0.05 number of cancer

cells in all cell types.



