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The effect of glycolysis inhibitor dichloroacetate on the apoptosis rate
and alteration of gene and miRNA expression of breast cancer cells
MDA-MB-231
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Abstract. Breast cancer is the most common cause of death from cancer among women. The triple-negative breast
cancer (TNBC) is the most invasive subtype, and chemotherapy is the only therapy option. Cancer cells preferably
utilize the glycolysis pathway even with proper oxygen availability, and this activation plays a great role in
tumorigenesis. Therefore, glycolysis targeting can be an effective strategy for cancer treatment. Here, the apoptotic
effect of a glycolysis inhibitor named dichloroacetate (DCA) on TNBC cells MDA-MB-231 was assessed, and the
expression of anti-apoptotic genes and oncogenic miRNAs was evaluated. MTT assay showed that DCA reduces cell
viability in a dose-dependent manner with the IC50 concentration of 50 mM. Annexin/PI assay demonstrated that DCA
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due to DCA treatment. Finally, the expression of anti-apoptotic genes Bcl211 and Mcll and oncogenic miRNAs miR21
and miR27a decreased due to DCA treatment. Our results confirmed that DCA, as a glycolysis inhibitor, leads to
apoptosis induction in TNBC cells because of reducing expression of viability genes and miRNAs.
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Table 1. Primer sequences of miRNAs.

RT primer GTC GTA TGC AGA GCA GGG TCC GAG GTA TTC GCA
Has-miR-27a CTG CAT ACG ACG CGG AA
Forward primer CCG TTC ACA GTG GCT AAG
RT ori GTC GTA TGC AGA GCA GGG TCC GAG GTA TTC GCA
4 primer CTG CAT ACG ACT CAA CA
Has-miR-21
Forward primer CGCCGTAGCTTATCAGACT
RT primer GTC GTA TGC AGA GCA GGG TCC GAG GTA TTC GCA
Snord P CTG CAT ACG ACA ACCTC
Forward primer ATC ACT GTA AAA CCG TTC CA
Common Reverse GAG CAG GGT CCG AGG T
primer
SinIns 1o sl yeiln Jlg —F Jguar
Table 2. Primer sequences of anti-apoptotic genes.
Belall Forward TAA GGC GGA TTT GAA TCT C
c
Reverse ATA ATA GGG ATG GGC TCA AC
| Forward AAC AAA GAG GCT GGG ATG
Mcl-1
Reverse ATT GCA CTT ACA GTA AGG CTA TC
Forward CCT GGC GTC GTG ATT AGT G
Hprt
Reverse TCA GTC CTG TCC ATA ATT ATG C
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Figure 1. A. Viability of MDA-MB-231 cells treated with different concentrations of DCA. Data are presented as
mean=SEM. B. Cell Morphology after 24 hours treatment with 50 mM of DCA. DCA: Dichloroacetate.
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Figure 2. A. Viability of MDA-MB-231 cells treated with different concentrations of PTX. B. Viability of MDA-MB-

231 cells treated with combination of PTX and ineffective concentration of DCA. Data are presented as mean+SEM.
DCA: Dichloroacetate.
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Figure 3. A. Annexin/PI histogram of control cells and cells treated with 50 mM concentration of DCA. B. Apoptosis
increase in DCA-treated cells compared to control cells. Data are presented as mean+SEM (*P<0.05). DCA:
Dichloroacetate.
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Figure 4. A. Cell cycle histogram of control cells and cells treated with 50 mM concentration of DCA. B. increase of
Sub-G1 phase in DCA-treated cells compared to control cells. Data are presented as mean+SEM (*P<0.05). DCA:
Dichloroacetate.
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Figure 5. A. Expression analysis of anti-apoptotic genes in control and DCA-treated cells. B. Expression analysis of
anti-apoptotic miRNAs in control and DCA-treated cells. Data are presented as mean+SEM (***P<0.001). DCA:
Dichloroacetate.

Ol 5 9 Sysl 0aliS e slogs 90 ;8 45 wh (pwyy bassi el euiS lee SMICrORNA 5 o)) ol s
@l (ADJSE) whe GlBl Gloyw sladgle ;5 Ll ‘ DCA
Sl 095 55 sl 0ot les 05 90 8 Gl a5 oo plas 7 203 o e DCé A ,)9@4%

MIR2T Ly piomas ol 4l 2alS S 055 4 ard PCR b b, Sbey 5l jeusl ooS e slemicroRNA

S50 59041 00isS ke slamicroRNA lgze 4 miR27a 4 Mell 5 Bel2Il (sles ol ol g3l cul po s oslicd

N


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.1.4
https://nbr.khu.ac.ir/article-1-3593-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1402.10.1.1.4 ]

Gholami et al. Effect of dichloroacetate on breast cancer

FSLS Sl 4 Cons sl cnl ()l Cuglie @8,
P Fobo sl ol e oy Sl S Al ye )3 s
oS Jshoo a5y 50T g PI/ynSil s 5 DCA |y Jlas 1
DCA b Jlog o olis Jobo 52 oy b b 43,5
Cuxe> Ol Jy Ol (oo 4 iBg U )
JraS 09,5 4y Cumd 5 0500yl SUD-GI al> 5o sloJsls
oLzd Sub-G1 al> o jo  Jshos Comas iul38l ols las ol
09051 4 el Jshos 5061 sl g DNA o aieSs saims
35 55 Sisa] Sl 53y YT (ll 5 Plpe
oy, Slalllae Ll ras 0 0,5 awl |, DCA L oads s
logidlgelS sladslo ;o Semal Gl saoys Yoo Sl
Gl ol 0 aeiis &S el o0l i |, DCA L ot s
2 ok 43z Bl gl S Es s Solled 31k 5 5]
cud 455 &0 HSPTO iy ole ials o S abs e
Slb s sloJsle (55, anlllas yizen (Duan et al., 2013)
Jis 5 PDK 51 5 Skae o U DCA o 5,5 (ainin ool
S gl 2bySgne i S5 ek PDH (o8
W Lol 5 oud o3 Vs (s aS e (Il (slad ammyo
Madhok et ) wdl o Gl Sb oS gie yame B2k 5l 505 ]
Sigas! S ool pasine 3l da ol asllke o (@l 2010
5 bo; ol MDA-MB-231  sla sl 9, DCA
28 B sy 490 s5usl 0 Lo sla microRNA
soal 0ot lee o5 olyie 4 Bel2ll ) ol aals il
Slallas jo Cllas pl ol 4o .0 oanlive DCA L jlas 5l am
o ke by (Jobo 03) oz 5o 03 ol Gl el (LS
.(Abrameket al., 2019) ¢l sopw, Slst 4 DCA L s
il el DCA b jlags o5 o (ko Lo aslllas ;5 (ppizean
Ot 3 oS 09 00 Mell Jro (5,500 sjgmlac 558 ol
il el DCA jl solizl o5 ol o0 mseie D3 L,
» Ml e 2al5 amiiys o MCll gogjoisn ajo
(Delaney et al., 2015) sgi 0 JiS,5lsS b s slo sk
Ceb aeyeiie 9,10 9 DCA (S5 a5 odds 0ayd (pized
ledsls o snal Gl axcie o Ml o5 olo (tals
2B A slagls .(Voltan et al., 2016) 058 oo LSyl Sl s
&lp @YU o5 s Mcll g Bel2ll slocynsigy e @
03,5 Lasuiue anlllae ol ol 5 ls (o s oy g 5959 (Sl
05 & Ok g2ol8 DCA L Gy lasho jlas a5 5
&ly o ol Jis Ty jeuel g5, azisys g Akt g Mcll
L5 sl GBS s o DS abyl b by sla sk
ol A0 g aiiS o )8 see | SIMcll g Bel2 oLy ol

8/A

Oy Slb s sloJsho yy Slisly)lS 63,30 )] Se 5 o

1y UytS 05,5 4 Comd A7 oo ialS DCA Ll
Bo i) ols las
4 Sl g Wit JJgSIS wnl8 4 aly Glb e slaghe
o3l guiloennST (y9ndls yinsd | 65008 Gliee @ b ok K03
R N I e e
eogy slads Oy (3708 9 3585 Jloe Sz 3 S 9e M)
Olge 4 (DCA) liwlg ST 60 130 4y asllas (ol 4o g, oyl
sl sk 55, PDK) LS 565550000 sy o3l 0aisS los
Slllle il o aisls, MDA-MB-231 iy ooy
Gl 5 ity L2alS rge DCA a5 wilesls olis L3
2 5l e g el aSge slie o pamln Vs
Tataranni & Piccoli, ) aas o Gl3dl | Sl sla sl
Doy mp] ekiand 5,5 Jlb b DCA gl (2019
e et Sl (6 S e 4 Sl 99)9 9 (PDH) 5U59 0005
b sloshe 55 55100 5l s Cans S
iy iovw @ls pol aslllae yo (Saed et al., 2011) 04 o
ilS Cge cdale @ aunly &g DCA oS ols olis Jskos
CLLE o5 g jsbas wsd o MDA-MB-231 sl Jsho Sleos
IS 0y B0 B 1, ok sl osle () 5 Ve ks O
L oSy ,0 DCA o5 sg ool las (LS Slalllas a0 o
iy o csla S sl e 2 o 30 (S5
9 398sn (W (gl 5t o 92y 45) MCFT 6l
a5 S e Sl om0 el el nl o og)ls Ceeglae
5 osisan @ Gl Jdsa sl () g5, DCA 36
Coglia sty o2l Ll Ly sl o0 EGFR ol ials
sladobe )3 (29l S5 Gl adl aS o Wl a9l
J (Woo et al, 2016) wis &3y jise MDA-MB-231
Caglia 0p o 5l 0 DCA I cldllas Sy 0 aSolss]
Sladshe ;0 g)ls 36 B ol Gl 09 el L3 og)l
Wols o i Ceoglie JuSLLISL 59,k 4 a5 MDA-MB-231
L DCA a5 wis aseie Y217 Jlo 0 o0 )3 w9590
MDAMB- (gba Jsbo ol (l38 corge l3en
b Jsbo cnl 50 seml Gl 5 GrangysmSsd o)l 4 231
wlools oylis Slalllas pizen (Wang et al., 2017) g o
Joa 4y Gy sladshs )3 JuSLSL g9yl 42 Zuaglia o5
oo b el s DCA L Lo 5 0T oe 9575 6,55 50 ]
WS Gl SeS gl Cwglie (nl &8, 4SS calsy
o5l S s b adlas o 45 sz ,» (Zhou et al., 2015)
a8 JuSLASL o)l L DCA Jgeyd il oS5 a5 o


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.1.4
https://nbr.khu.ac.ir/article-1-3593-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1402.10.1.1.4 ]

Nova Biologica Reperta 10(1): 1-10 (2023)

REFERENCES

Abramek, J., Bogucki, J., Ziaja-Soltys, M.,
Stepniewski, A. & Bogucka-Kocka, A. 2019. Effect
of sodium dichloroacetate on apoptotic gene
expression in human leukemia cell lines.
Pharmacological Reports 71: 248-256.

Bonnet, S., Archer, S.L., Allalunis-Turner, J., Haromy,
A., Beaulieu, C., Thompson, R., Lee, C. T.,
Lopaschuk, G. D., Puttagunta, L. & Bonnet, S. 2007.
A mitochondria-K+ channel axis is suppressed in cancer
and its normalization promotes apoptosis and inhibits
cancer growth. Cancer Cell 11: 37-51.

Delaney, L. M., Ho, N., Morrison, J., Farias, N.R.,
Mosser, D.D. & Coomber, B.L. 2015. Dichloroacetate
affects proliferation but not survival of human colorectal
cancer cells. Apoptosis 20: 63-74.

Duan, Y., Zhao, X., Ren, W., Wang, X., Yu, K.F., Li,
D., Zhang, X. & Zhang, Q. 2013. Antitumor activity
of dichloroacetate on C6 glioma cell: in vitro and in
vivo evaluation. OncoTargets and Therapy 6: 189-
198.

Hanachi, P., Ghorbani, N., Sadeghi Ali Abadi, H. &
Zarringhalami, R. 2021. Evaluation of antioxidant
and anticancer effects of Lavandula angustifolia and
Melissa officinalis on HeLa, OVCAR-3 and MCF-7
cancer cell lines. Nova Bioloica Reperta §: 20-30. (In
Persian).

Jiang, B. 2017. Aerobic glycolysis and high level of
lactate in cancer metabolism and microenvironment.
Genes & Diseases 4: 25-27.

Kaboudan, F., Talesh Sasani,S. & Asghari, S.A. 2021.
The effect of a VEGFB antagonist peptide on miR-210
expression level in breast cancer in a mouse model.
Nova Biologica Reperta 8: 13-19. (In Persian).

Kruyt, F. A. 2008 .TRAIL and cancer therapy. Cancer
Letters 263: 14-25.

Madhok, B.M., Yeluri, S., Perry, S.L., Hughes, T.A.,
& Jayne, D.G. 2010. Dichloroacetate induces
apoptosis and cell-cycle arrest in colorectal cancer
cells. British Journal of Cancer 102: 1746-1752.

Polyak, K. 2011. Heterogeneity in breast cancer. Journal
of Clinical Investigation 121: 3786-3788.

Rodrigues, P.M., Afonso, M.B., Simao, A.L., Borralho,
P.M., Rodrigues, C.M.P. & Castro, R.E. 2015.
Inhibition of NF-kappaB by deoxycholic acid induces
miR-21/PDCD4-dependent hepatocellular apoptosis.
Scientific Reports 5: 17528.

Saed, G.M., Fletcher, N.M., Jiang, Z.L., Abu-Soud, H.M.,
& Diamond, M.P. 2011. Dichloroacetate induces
apoptosis of epithelial ovarian cancer cells through a
mechanism involving modulation of oxidative stress.
Reproductive Sciences 18: 1253-1261.

Sharma, P. & Kumar, S. 2018. Metformin inhibits human
breast cancer cell growth by promoting apoptosis via a
ROS-independent pathway involving mitochondrial
dysfunction: pivotal role of superoxide dismutase
(SOD). Cellular Oncology 41: 637-650.

Skeberdyté, A., Sarapiniené, 1., Aleksander-Krasko,
J., Stankevicius, V., Suziedélis, K. & Jarmalaité, S.
2018. Dichloroacetate and salinomycin exert a
synergistic cytotoxic effect in colorectal cancer cell
lines. Scientific Reports 8: 1-13.

9/4

OF-Y) VN ) ojleds Ve Al o s pole j0 (g sloaidly

aoz 3l olooasS e L Bel2 oolgls slocnsign ools )8
Bcel21l 4 Bel2 4 YL s L a5 venetoclax ¢ navitoclax
a0 il ool ooy Sge (b slaolesT S o wigh oo Jate
et &S Wl 1y Mell Jlowg Uy cuS 5 g0 ol 5l plas
Lol 51w )3 (29)ls Canglie Sbml 4 e £5550
o g Jsko Spe Al o Mell ol Jlon azmiyo 050
sl(Voltan et al., 2016) cusl 0058 SeS Loy g0 Z iy
Jie 056590 slamicRNA Lo Gioviw bo aslllas 10 50 (ggu
31 Sk DCA L ooy (s slo sk > miR27a 3 miR21
Sy JyS 09,5 b dslie o LlmMIRNA ol ol o e 2als
ol Cowsila sla Jslo a5 5g ouls cols lis (glaslllas (o
ol o 4 MIRNA -l Lo Jloee LDCA g 5)ls |, miR21 VL
ol 2 sl s Jebe Sye Sl 4 e NFKB (5 e
i oies (Rodrigues et al., 2015) 548 oo Lo Jskes
MDA-MB- wile bl ey ol s sl Jsbos ,o 45 ond
Ol 2ol el SIS aiiSlee plgie 4 (apiie 231
Sharma & Kumar, ) sgd o Jolw 355 lee 5 miR21
b MCF7 by olbyw clodshs o ceimen 018
5 5500] Gl g ¥ 5Lwls g miR27a ;Lo ials celb (e )giio
4yl aSS (Zhao et al., 2016) ol b ol ol ol lee
Giliwlie Se o ol Jelse lsie 4 miR27a 4 miR21
ooy 3 g5 ol oloy g smslio @3yl LLMIRNA
Oleie 4 09500 Sl 4y o)ls YL caxlys ©y0d AT iy
oS o laxe 4y DCA a5 ob las b mls (g pSams
S5 o iy ol slasbe 5 ol Cel SIS
2 ssl Gl ) Sl Zie oS5 LalS ) &S 09l e ke
Oizma )05 )1 o (18 ol a5z By 5 009 Lo Jsls
oeels s Mcll ¢ Bel2ll e Jolo sl slocyy by Luals
<@l o miR27a 3 miR21 Jie 5650 glemiRNA Lo
5 adls (@lier 18 Ol g5 ool IS5 20 5 Syl
S8 b e Al aw by by g ol gl
O YRV IS ISPV IS o N
&l Sl
pios (ol plodl o ol s oRidls Jbe coles 5 alwginay


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.1.4
https://nbr.khu.ac.ir/article-1-3593-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1402.10.1.1.4 ]

Gholami et al. Effect of dichloroacetate on breast cancer

Tataranni, T., Agriesti, F., Pacelli, C., Ruggieri, V.,
Laurenzana, 1., Mazzoccoli, C., Sala, G. D.,
Panebianco, C., Pazienza, V., Capitanio, N. &
Piccoli, C. 2019. Dichloroacetate  Affects
Mitochondrial Function and Stemness-Associated
Properties in Pancreatic Cancer Cell Lines. Cells 8: 1-
23.

Tataranni, T. & Piccoli, C. 2019. Dichloroacetate
(DCA) and cancer: an overview towards clinical
applications. Oxidative Medicine and Cellular
Longevity 14: 1-14.

Vander Heiden, M.G., Cantley, L.C. & Thompson,
C.B. 2009. Understanding the Warburg effect: the
metabolic requirements of cell proliferation. Science
324:1029-1033.

Voltan, R., Rimondi, E., Melloni, E., Gilli, P.,
Bertolasi, V., Casciano, F., Rigolin, G. M., Zauli,
G. & Secchiero, P. 2016. Metformin combined with
sodium dichloroacetate promotes B leukemic cell
death by suppressing anti-apoptotic protein Mcl-1.
Oncotarget 7: 18965-18977.

Wang, M., Liao, C., Hu, Y., Qinwen, P. & Jiang, J.
2017. Sensitization of breast cancer cells to paclitaxel
by dichloroacetate through inhibiting autophagy.

Oy Slb s sloJsho yy Slisly)lS 63,30 )] Se 5 o

Biochemical and Biophysical Research
Communications 489: 103-108.

Woo, S. H., Seo, S. K., Park, Y., Kim, E. K., Seong,
M.K., Kim, H.A., Song, J. Y., Hwang, S. G., Lee,
J. K, Noh, W. C, & Park, I. C. 2016.
Dichloroacetate potentiates tamoxifen-induced cell
death in breast cancer cells via downregulation of the
epidermal growth factor receptor. Oncotarget 7:
59809-59819.

Xintaropoulou, C., Ward, C., Wise, A., Marston, H.,
Turnbull, A. & Langdon, S.P. 2015. A comparative
analysis of inhibitors of the glycolysis pathway in
breast and ovarian cancer cell line models. Oncotarget
6: 25677-25695.

Zhao, W., Zhang, X., Liu, J., Sun, B., Tang, H. &
Zhang, H. 2016. miR-27a-mediated antiproliferative
effects of metformin on the breast cancer cell line
MCEF-7. Oncology Reports 36: 3691-3699.

Zhou, X., Chen, R., Yu, Z., Li, R., Li, J., Zhao, X.,
Song, S., Liu, J. & Huang, G. 2015. Dichloroacetate
restores drug sensitivity in paclitaxel-resistant cells by
inducing citric acid accumulation. Molecular Cancer
14: 1-12.

sokok ook

How to cite this article:
Gholami, L., Attari, F., Mahmood, T. & Saadatpour, F. 2023. The effect of glycolysis inhibitor dichloroacetate on
the apoptosis rate and alteration of gene and miRNA expression of breast cancer cells MDA-MB-231. Nova Biologica
Reperta 10: 1-10. (In Persian).

9 05 Ole i g )5,.45;1 CWl (59, 3doSdS 0aiiS e laie 4 SliwlylSgo 36 NFY LB Gawolw g .p (gl (B (gylae o (o
N=Ve Ve s pele jo g slaadl MDA-MB-231 ey Sy sl Jolw yo QT 4 by sle miRNA

10/


https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.1.1.4
https://nbr.khu.ac.ir/article-1-3593-en.html
http://www.tcpdf.org

