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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
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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

Gl Sl 4 JuSLLISL g)ls il al e cnl o
bS5 0 DCA Jgeypd clale J1 Grimman 5 Slojd o
D gy el g5, e glacdile o JuSLLSL
9,00 4 Coes MDA-MB-231 sle Jslo aSols oylas gl
VE b o Oimen g s Gl Cuglie JuSTLSL
des & DCA jigoné okl ofs oles celo
S8 855 Db ko sl 215 085 ST S
MDA-MB-231 bJobw 10 jeuml olme o
PI/ oy OS‘}T Luwgd DCA b ouiis jlous

Soss 1 0 a8 Jolo sl 2alS e 09 st aSul sl
)JaL&dgLi5ooy‘Slsluﬁ;&3)LQ,q;;ls@¢io.xioDCALg
ol o b eolatwl Pl pnSSl omw oS 5l Geg! sl
oo Sl i eyl sl Jolye 0 457 plaJskes (565
5 «ote Pllcuse nnSSl jnal ol Jole slodshe
Ao ol g3l ol b g wilys oo PL (555,55 (gl Joles
G cge DCA I Yoo oo 00 clile b lasho Jlos oS
(¥ JS8) 09 sa S5 09,8 4 o (si50 0 (sloshes 1YY

4/

Sl sladsbe 55 9yl o F1 o) jslaiens
Loy o) sl ole ;0 S5, ol i soliwl MTT (yge5]
Ol & has (paiSsie )0 dszse jUg,ams w3l
oaisles iy ) b)) ol donl e gd 0 SO, ial
MDA-MB-231 sla Jsbo 09 dalgs 0355 slo Jole sus,o
g V509,500 Voo (Yoo B0) DCA Gl slacdale L
celo VF G a5 (g ho ) o Ve YO D VD -
Sygo 4 gyl ol a5 ol Lid MTT (g0l ol o jles
a6 y9ba S9d o0 ek sl 22l crge Clile 4wl
oy 00 Bl Jebo 6las g)ls cpl 5l Yae Lo 0 clale
Sae cdale flaie ay g)ls cdale fpl a0 g weo oo ralS
o s Usbs Cmizmen (A) JS5) ab azb S L ,s 1C50
5 Sz sl S 095 sladshe b avlie )5 ot
B\ JS..») Aj‘oé; |..\...: P

w55 bl )5 MDA-MB-231 b Jolw Uiy (o)
Juslatsy s DCA


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

[ Downloaded from system.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.24236330.1402.10.1.1.4 ]

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

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

oS dASin (FUSE) sl oanlie B S 05,8 a4 e
50 Olakad pl g oad dsled ashd DNA adl o sl )9,;94]
Slye azis )o el ool Jobo 5l (S sladsSs
aalys sole slashe 5l ieS siemmT Slodsbe (s095909,5
2 sk (8 Oiso 4 Jske a3z cwyp y0 &S oy
A3 2 oy 0010 &Blg )0 auS e oy 090 G 5l iy Al e
ol oLt 50,5 ol | PH cyenSl 3051 51 ool ol sl

2gdse by slashs ;5 55T Gl w250 DCA o5

DCA

150

< 100
2
%
©

S 50

0

00

Slhy sladsle 0 seual Wl L DCA (go)ls amiy
WS o Jlael I, 555 5 MDA-MB-231
MDA-MB-231 o Jsbus Sl 45 2 53, DCA i1
DNA (lyie ( Johos a5 2 oo (595 30 S (e jslatons
ol8ws S8 L5 PI sl S5, b (652015, Loy Jsloo
S8 a8 pshilen 085 15 pwyn )5 (5 regulugld
5 e 035 53 G alo o (s oo 3 el e
Ol e (nl 5 a2 gad (LIS S5 09,5 &) Cerd (5l ghne
o8l Lol ol i Jeke 4 > aBgr 0 DCA oS aeo oo
Sori 09,5 55 Sub-Gl al>yo ;5 b Jsbs o size 5 (50590

o st A\& .-} < Y (5

B S RIS eV ANSEAERSS el (L S A R

P seves s sy NG e

D S S R s U S RS I

SR '@%@ééﬁﬁg‘%ﬁ’ ?“‘;%g;\ W BT rRIE S e I ey

Pl ae ol A G ShoR IR AN o A o S e C et

‘\‘é} b e el S

Siaasiu m‘i"ﬁe‘;'g;-be- D7 RS e A o

g oﬁ‘-zﬁ.dw m@gr"ﬂg\o‘“? Z ATy lAﬂ.':ﬁ-‘: Q“‘l\-“&{‘cr{_ ‘Cl‘,— w )’,‘u'

OO '*fac'g- 0 ?Ife T N A I 2 RS DRIC I (S N e
ot 87 g0y ﬁeéﬁg “..eQ?- TR AT B AT - -

W= @%p{’&g& e 5’. S o e e S % s
e BN o ST st at TR

(LT <):‘ s : -

slas £ Sl Joleo (030 ol 50 sas &1yl polie DCA Galisee slacdale b jlos 51 oo MDA-MB-231 sla Jslos Sleods; ooy A - JSCi

Dichloroacetate :DCA .cclo Y¥ 5l s DCA 5l Voo o 8 cdale b osds Jles sloJsho g J S sloobo jalls B oiil oo s lailin!
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.
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