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Abstract. 1,25 dihydroxy VitaminD3, an active metabolite of vitamin D3 has been reported to inhibit the growth of a
number of neoplasms such as leukemia and prostate, breast, colorectal and skin cancers. Valproic acid, as a potent
histone deacetylase inhibitor, also plays an important role in the inhibition of the proliferation of tumor cells. However,
there has been no reports on the cooperation between valproic acid and Vitamin D3 for anti-leukemic effect so far. The
goal of the present research was to determine whether low doses of Vitamin D3 potentiate the toxicity of valproic acid
and whether this toxic action is mediated via apoptotic mechanisms. In this study, HL-60 cells were treated either with
different concentrations of valproic acid and Vitamin D3 alone or in combination with each other for 24 hours. Cell
survival was determined by MTT assay and then Hoechst staining was used to determine the type of cell-death. The
results indicate that Vitamin D3 potentiates the antitumor effects of valproic acid. Also, the results of cell-staining
showed that valproic acid and Vitamin D3 induced apoptosis in HL-60 cells. In sum, the new combination of valproic
acid and Vitamin D3 showed synergistic anti-proliferative effect and induced apoptosis in HL-60 cancer cells.
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Fig. 1. The effect of valproic acid and 1,25-dihydroxyvitamin D3 alone on the proliferation of HL-60 cells. HL-60 cells

were treated with different concentrations of A: 1,25-dihydroxyvitamin D3 and B: valproic acid for 24 h. Cell
proliferation was measured by MTT assay. Values represent the means + SD in triplicates in three separate experiments.
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Fig. 2. The effect of valproic acid and 1,25-dihydroxyvitamin D3 in combination with each other on the proliferation of
HL-60 cells. A: HL-60 cells were treated with 1,25-dihydroxyvitamin D3 (12.5, 25 and 50 pM) and valproic acid (1, 2
and 3 mM) concurrently for 24 h. B: HL-60 cells were co-exposed to 50 uM 1,25-dihydroxyvitamin D3 and 3 mM
valproic acid for 24 h, then cell viability was measured by MTT assay. Values represent the means = SD of three
separate experiments.
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Fig. 3. The effect of 3 mM valproic acid and 50 nM 1, 25-dihydroxyvitamin D3 alone and in combination with each
other on the type of death induced in HL-60 cells. A: The morphological changes of HL-60 cells were examined by
reverse optical microscope (400 x). B: Nucleolus cells morphological changes were investigated under fluorescence
microscope after Hoechst-33342 staining (400 x). Arrows indicate apoptotic cells. I: control, II: 3 mM valproic acid, III:
50 nM 1, 1, 25-dihydroxyvitamin D3, IV: 50 nM 1, 25-dihydroxyvitamin D3 and 3 mM valproic acid.

T 5 ol gupr 555 e Slalllas b il dalllas 5 487 2l
kdpbul Slllan 5 sy plaly A8 e AT
S &5 TN SIS 05 el sl
Ol oo 28l 5,8 i 53 5 das e il 1, D3 by
Sy g oS sls ol B G ol 53 ke @l g
23 55s] case D3l SToide 3 -T00) 5 el
st 3 e S Gl Iy disie HL-60 slad sl

Ll 05 S5 G35 ey Ol (385 58 55l 4 03

Sl 3wl
I5se 5 I oKiolesT Olalis,l8 51 Wlas st 5
G ol bl 53 Sdelae 5 ploaly o 4 e o8

REFERENCES

Chen, B.A., Zhao, H.H., Gao, C., Shao, Z.Y., Xia, G.H.
and Dohner, K. 2007. Effects of sodium valproate on
proliferation and apoptosis of human myelodysplastic
syndromes cell line MUTZ-1. — Ai Zheng. 26: 1323-

(CDKI) [lgr b puitns 5 sbas il 5 o 5 Conl Slb o gl
b ks oS 5 lacyclin ;. 5 Cyclin-dependent kinase
53 P27 4P21 Jao CDKI suiS lgo slads 5 (oms 5595 ool 53
bl bl Jos Sbw ladshe 3 55T 5 b Wl
D3 el g (oS sk 63 -YON YL slacbile o5 51Tl
63 =Y0 i eslizul a0, clyls e s Ames e
AT Cal OT ol an (65150 05 5584 D3 sl 5 oS 5 50kn
538 Sy 1y D3 el g (S ka3 YO (5 2SS
Caols a5 slge 51 S S i ashy Ol S Slllas
S 5508 (63 -T0G) ol jer 515 s Lyls ol 5 (6,2
das Glpl ) 0T @ismal 5 cpls Olg D3l
Luong & Koeffler, 2005; Christian et al., 2014; )
A als 0l ale sl 5+ (Datta-Mitra er al., 2013
HL-60cladsle » D3 polny ol peray sl S5y 15
5 Al S ol S S s (il sl oy g
ol iyl 8 HL-60 slad gl 25 5,5 481 D3 sl


http://dx.doi.org/10.29252/nbr.5.1.38
https://dor.isc.ac/dor/20.1001.1.24236330.1397.5.1.5.3
https://ndea10.khu.ac.ir/nbr/article-1-3006-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

[ DOR: 20.1001.1.24236330.1397.5.1.5.3]

[ DOI: 10.29252/nbr.5.1.38 ]

44/

Nova Biologica Reperta 5 (1): 38-44 (2018)

1329.

Chirumbolo, S. 2015.Vitamin D3 in cancer prevention
and therapy: the nutritional issue. — Horm. Mol. Biol.
Clin. Investig. 23: 71-8.

Chou, T.C. 2006. Theoretical basis, experimental design,
and computerized simulation of synergism and
antagonism in drug combination studies. — Phar-
macol. Rev. 58: 621-681.

Rogers, C.S., Yedjou, C.G., Sutton, D.J. and Paul, B.T.
2014. Vitamin D3 potentiates the antitumorigenic
effects of arsenic trioxide in human leukemia (HL-
60) cells. — Exp. Hematol. Oncol. 3: 9-17.

Corcoran, A., Nadkarni, S., Yasuda, K., Sakaki, T.,
Brown, G., Kutner, A. and Marcinkowska, E. 2016.
Biological evaluation of double point modified
analogues of 1, 25-Dihydroxyvitamin D, as potential
anti-leukemic agents. — Int. J. Mol. Sci. 17: 91-101.

Datta-Mitra, A., Mitra, A., Ray, R., Raychaudhuri, S.P.
and Kundu-Raychaudhuri, S. 2013. 1, 25-
Dihydroxyvi-tamin D3-3-bromoacetate, a novel
vitamin D analog induces immunosuppression
through PI-3K/Akt/mTOR signaling cascade. — Int.
Immuno-pharmacol. 17: 744-51.

Debeb, B.G., Xu, W., Mok, H., Li, L., Robertson, F. and
Ueno, N.T. 2010. Differential radiose-nsitizing effect
of valproic acid in differentiation versus self-renewal
promoting culture cond-itions. — Int. J. Radiat. Oncol.
Biol. Phys. 76: 889-95.

Duenas, G.A., Candelaria, M., Perez, P.C., Peza, C.E,
Cruz, H.E. and Herrera, L. 2008. Valproic acid as
epigenetic cancer drug: percl-inical, clinical and tran-
scriptional effect on solid tumors. — Cancer Treat.
Rev. 34: 206-222.

Harikrishnan, K.N., Karagiannis, T.C., Chow, M.Z. and
El-Osta, A. 2008. Effect of valproic acid on
radiation-induced DNA damage in euch-romatic and
heterochromatic compartments. — Cell Cycle 7: 468-
76.

Hicks, C.-W., Pandya, M.M. and Fernande, Z. 2011.
Valproate for the treatment of medication-induced
impulse-control disorder in three patients with
parkinsons disease. — Parkinsonism Relat. Disord. 17:
379-381.

Hikita, K., Hattori, N., Takeda, A., Yamakage, Y.,
Shibata, R., Yamada, S., Kato, K., Murata, T.,
Tanaka, H. and Kaneda, N. 2017. Potent apoptosis-
inducing activity of erypoegin K, an isoflavone
isolated from Erythrina poeppigiana, against human
leukemia HL-60 cells. —J. Nat. Med. 18: 1147-9.

Imran, A., Qamar, H.Y., Ali, Q., Naeem, H., Riaz, M.,
Amin, S., Kanwal ,N., Ali, F., Sabar, M.F. and Nasir,
LA. 2017. Role of Molecular Biology in Cancer
Treatment: A Review Article. — Iran J. Public Health.
46: 1475-1485.

Kamada, R., Kudoh, F., Yoshimura, F., Tanino, K. and
Sakaguchi, K. 2017. Inhibition of Ser/Thr
phosphatase PPM1D induces neutrophil differen-
tiation in HL-60 cells. — J. Biochem. 162: 303-308.

Karagiannis, T.C., Kn, H. and El-Osta, A. 2006. The
epigenetic modifier, valproic acid, enhances radiation
sensitivity. — Epigenetics 1: 131-7.

FASFE ) 5ot i alo o i psle 5 s sloazily

Kostrouchova, M., Kostrouch, Z. and Kostrouchova, M.
2007. Valproic acid molecular lead to multiple
regul-atory pathways. — Folia Biological. 53: 37-49.

Li, Y.Q., Yin, S.M., Feng, S.Q., Nie, D.N., Xie, S.F., Ma,
L.P., Wang, X.J. and Wu, Y.D. 2010. Effect of
valproic acid on apoptosis of leukemia HL-60 cells
and expression of h-tert gene. — Zhongguo Shi Yan
Xue Ye Xue Za Zhi. 18:1445-50.

Li, X.N., Shu, Q., Su, J.M.F., Perlaky, L., Blaney, S.M.
and Lau, C.C. 2005.Valproic acid induces growth
arrest, apoptosis, and senescence in medullobla-
stomas by increasing histonhyperacetylation and
regulation expression of p21Cipl, CDK4, and
CMYC. — Mol. Cancer Ther. 4: 1912-1922.

Loscher, W. 2002. Basic pharmacology of valpr-oate: a
review after 35 years of clinical use for the treatment
of epilepsy. — CNS Drugs. 16: 669-694.

Luong, Q.T. and Koeffler, P.H. 2005. Vitamin D comp-
ounds in leukemia. — Hematol. Oncol. 97: 195-202.
Mohseni-Kouchesfahani, H., Nabioni, M., Khosravi, Z.
and Rahimi, M. 2017. Honey bee venom combined
with 1, 25-dihydroxyvitamin D3as a highly efficient
inducer of differentiation in human acute myeloid

leukemia cells. — J. Cancer Res. Ther. 13: 544-549.

Rowinsky, E.K. 1997. The development and clinical
utility of the taxane class of antimicrotubule chemo-
therapy agents. — Annu. Rev. Med. 48: 353 —74.

Shi, M., Ren, X., Wang, X., Wang, H., Liu, G., Yuan, X.,
Zheng, S., Yu L., Pan, S., Song, G., Guo, Q., Li, L.,
Zhang, X., Zhang, Z., Ding, H. and Jiang, G. 2016. A
novel combination of oridonin and valproic acid in
enhancement of apoptosis induction of HL-60 leuk-
emia cells. — Int. J. Oncol. 48: 734-746.

Spira, A.I. and Carducci, M.A. 2003. Differentiation
therapy. — Curr. Opin. Pharmacol. 3: 338-343.

Wang, Q., Harrison, J.S., Uskokovic, M., Kutner, A. and
Studzinski, G.P. 2005. Translational study of
Vitamin D differentiation therapy of myeloid leuk-
emia: Effects of the combination with a p38 MAPK
inhibitor and an antioxidant. Leukemia. 19: 1812-7.

Wang, Q., Salman, H., Danilenko, M. and Studzinski,
G.P. 2005. Cooperation between antioxidants and
1,25-dihydroxyvitamin D3 in induction of leukemia
HL60 cell differentiation through the JNK/AP-1/Egr-
1 pathway. — J. Cell Physiol. 204: 964-74.

Zhang, T.D., Chen, G.Q., Wang, Z.G., Wang, Z.Y., Chen,

S.J. and Chen, Z. 2001. Arsenic trioxide, a therapeutic
agent for APL. — Oncogene 20: 7146-7153.

kefekht

How to cite this article:

Rahimi, M. 2018. Anti-tumor effects of valproic acid and
1,25 dihydroxy vitamin D3 on HL-60 cancer cells. —
Nova Biologica Rep. 5: 38-44.

S 53 VYO 5 el &Sl gasesds 1 AYAY L oow )
s ke 0> s sl = HL-60 Jb o glad sl D3 oty

YA-FF 0



http://dx.doi.org/10.29252/nbr.5.1.38
https://dor.isc.ac/dor/20.1001.1.24236330.1397.5.1.5.3
https://ndea10.khu.ac.ir/nbr/article-1-3006-fa.html
http://www.tcpdf.org

