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Original Article

Abstract
 The rate at which cancer develops is significantly influenced by angiogenesis. The multifunctional 
effects of curcumin on breast cancer cells were examined in this study at the level of gene expression. 
Using the MTT assay, the cytotoxicity impact of curcumin was assessed. Real-time PCR was used to 
quantify the expression of a few genes involved in the angiogenesis, and apoptosis of MDA-231-MB cells. 
The results indicated that curcumin inhibited cancer proliferation in a dose- and time-dependent manner. 
The IC50 curcumin was about 40 µM and 15 µM after 48 h, and 96 h culture time respectively. Also, the 
quantitative analysis of gene expression showed that curcumin suppressed angiogenesis by decreasing the 
expression of VEGF and induced apoptosis by upregulation of Bax and down-regulation of Bcl-xl at the 
initial dose of toxicity concentration.
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1. Introduction
 Neovascularization is associated with 
the ability of tumor progression to invasion, and 
metastasis (1). The growth of new blood vessels 
within malignant tumors is essential for their de-
velopment and spread. One of the key processes 
involved in the development of cancer is angiogen-
esis, which is dependent on the expression and ac-
tivation of some angiogenic supporting genes such 
as vascular endothelial growth factor (VEGF), 
basic fibroblast growth factor (bFGF), and angio-
genin (2). The expression of VEGF was consid-
erably reduced in curcumin-treated cells (3). The 
dependence of cancer progression on angiogenesis 
has revealed a clear path for the effective targeting 
of this disease (4). Among all conventional meth-
ods in cancer treatment, the use of herbal medi-
cines is expanding (5). It has been discovered that 

curcumin, the main bioactive component derived 
from turmeric, has several biological activities 
such as inhibition of glycolysis (6), angiogenesis 
(3), metastasis (1), and epithelial-mesenchymal 
transition process (7). 
 By influencing cell signaling pathways, 
curcumin changes the biological activity of cancer 
cells and inhibits cancer progression. Curcumin 
increased autophagic activity while at the same 
time decreasing Akt expression in MDA-MB-231 
breast cancer cells in a dose- and time-dependent 
manner (8). The relationship between hypoxia-
inducible factor 1-alpha (HIF-1α) and VEGF ex-
pression and their impact on tumor angiogenesis 
has been clearly defined. The decrease in Beclin1 
expression occurs following the increase in cur-
cumin concentration that shown this polyphenol 
regulates the production of Beclin1 and blocks the 
hypoxia-inducible factor to prevent the prolifera-
tion of pancreatic cancer cells (9). 
 Induction of apoptosis and cell cycle ar-
rest are two mechanisms that occur in curcumin-
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treated cancer cells (10). Curcumin triggered 
apoptosis via a p53-mediated mechanism, upregu-
lation of pro-apoptotic proteins Bax, and cell cycle 
arrest during the S phase by inhibiting cell cycle-
related protein production (11).Curcumin-induced 
pyroptosis through an increase in expression of 
ISG3 transcription factor complex in leukemia 
cells U937 (12)
 In this study, we showed that curcumin at 
the initial dose of toxicity concentration had multi-
functional effects on triple-negative breast cancer 
(TNBC) cells.  Curcumin decreased the expression 
of Bcl-xl and up-regulated Bax expression. Also, 
curcumin suppressed angiogenesis through reduc-
ing VEGF expression. 

2. Material and Methods
2.1. Materials
 Dulbecco’s Modified Eagle’s medium 
(DMEM), Fetal bovine serum (FBS), streptomy-
cin, penicillin, and trypsin were purchased from 
GIBCO (InvitrogenTM, Grand Island, USA). 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazo-
lium bromide (MTT) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). All other chemical 
reagents used in buffer preparation and solution 
were purchased from Merck company (Huhenb-
runn, Germany). 

2.2. Cell culture and media
 The Iranian biological resource center 
(Tehran, Iran) provided the human breast cancer 
cell line MDA-231-MB. Two T-25 culture flasks 
with DMEM as the basal medium and 10% (v/v) 
FBS, 100 µg/ml streptomycin, and 100 IU/ml pen-
icillin as supplements were used to cultivate the 

cells. The cell culture flasks were kept at 37 °C and 
5% CO2 in a humidified incubator.

2.3. Assessing the cytotoxicity
 After 72 hours of incubation, the cells were 
collected from the T-75 culture flask using trypsin 
solution (0.25% w/v). The suspended cells were 
centrifuged at 90 g for 5 min to precipitate cells.  
The Re-suspended MDA-231-MB cells were sub-
sequently transferred to a 96-well plate with a flat 
bottom at the same seeding density (10000 cells/ 
cm2). Throughout the growth period, the cyto-
toxicity of curcumin on MDA-231-MB cells was 
examined at various doses. The 3-[4,5-dimethyl-
thiazol-2-yl]-2,5-diphenyltetrazolium bromide 
(MTT) test was used to measure cell growth. The 
MTT solution (5 mg/ml in PBS) was applied to 
each well of the 96-well plate at the end of both 
periods of culture (48 and 96 h), and the plate was 
then incubated for 3 hours at 37 degrees °C in a 
humidified environment (95%) with 5% CO2. The 
MTT solution was aspirated, and DMSO was then 
applied to the culture wells. A multi-well scanning 
spectrophotometer was then used to measure the 
optical density of the cells at 570 and 620 nm.  

2.4. Real-Time Polymerase Chain Reaction
 The cells were twice rinsed with PBS af-
ter aspirating the medium from a 6 cm2 culture 
dish. After 48 hours of incubation, the cells were 
extracted from the culture dishes using a 0.25% 
w/v solution of trypsin. Centrifuging at 90 g for 
5 min precipitated the suspended cells. When ar-
rived time to extract the RNA, cell pellets were 
re-suspended in 200 µl of PBS and stored at -80 
oC. A high pure RNA isolation kit (Roche Ap-

Table 1. Primer sequences used in real-time PCR.
Primer Sequence:  5´ → 3´
HPRT1 ATGCTGAGGATTTGGAAAGGG

ACAGAGGGCTACAATGTGATGG
TB GATAAGAGAGCCACGAACCACG

TTGAAGTCCAAGAACTTAGCTGG
Bax TGCCAGCAAACTGGTGCTC

AACCACCCTGGTCTTGGAT
Bcl-xL GAGACTCAGTGAGTGAGCAGGTG

GCTTGTAGGAGAGAAAGTCAACC
VEGF GGAGGGCAGAATCATCACGAAG

ATCGCATCAGGGGCACACAG
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plied Science, Germany) was used to extract to-
tal RNA in accordance with the manufacturer's 
instructions. A Nanodrop spectrophotometer from 
Thermo Fisher Scientific was used to measure the 
amount and quality of RNA. Thermo Fisher Scien-
tific's RevertAid First Strand cDNA Synthesis Kit 
was used in accordance with the manufacturer's 
instructions to synthesize cDNA from an RNA 
template. In Table 1, the primer sequences used in 
real-time PCR were given. The StepOneTM 48-
Well Real-Time PCR System from Applied Bio-
systems and SYBR® Green Real-Time PCR Mas-
ter Mix were used to perform the qRT-PCR study. 
HPRT1 and TBP were used as reference genes for 
relative quantification utilizing the comparative Ct 
(2-∆∆Ct) approach.

2.5. Statistical analysis
 The majority of the experiments were 
done in triplicate. Using the Excel 2016 program, 
the data were computed as the mean of two ex-
periments. SPSS software (version 16) was used 
to perform all statistical computations. The statis-
tical analysis was performed using the indepen-
dent-samples T-test, and a P value of 0.05 was ac-
cepted as significant. Using REST 2009 software 
(V2.0.13), the significance level for the expression 
of the target genes was examined. 

3. Result
3.1. Cytotoxicity of curcumin
 The outcomes demonstrated that curcum-
in's cytotoxic effects on MDA-231-MB cells were 
time- and dose-dependent. Figure 1 shows that the 
viability was obtained by approximately 90% and 
38% (p < 0.05) at the concentration of 20 µM after 
48- and 96-hours culture time, respectively. The 
growth inhibition threshold of cancer cells treated 
with curcumin was observed at a concentration of 
10 µM, and 72 hours after this treatment (96 h cul-
ture time), the cell viability reached 86%. Figure 2 
depicts the morphology of MDA-231-MB cells at 
initial toxic concentration of curcumin. 

3.2. Multifunctional effects of curcumin on genes 
expression
 As shown in Figure 3, curcumin in the 
initial toxic concentration (10 µM) had multifunc-
tional effects on the expression of some genes in-
volved in the process of apoptosis and angiogen-
esis. The decrease in the expression of Bcl-xl at 
the same time as the increase in Bax proved that 
curcumin induces apoptosis in the treated cells at 
the initial toxic concentrations. The expression ra-
tio of Bax to Bcl-xl has increased by about 2 times 
compared to the control group. Also, the reduction 

 

Figure 1. Cytotoxicity effect of curcumin on MDA-MB 231 at a dose of 1-40 µM. (A) at 48 h culture 
time, (B) at 96 h culture time.
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of VEGF expression to 0.6 compared to the con-
trol group shows that curcumin inhibits the angio-
genesis process.

4. Discussion
  The most significant angiogenic factor in 
the development of breast cancer is VEGF. Also, 
the most aggressive form of breast cancer, triple-
negative breast cancer (TNBC), has high levels 
of vascular endothelial growth factor (VEGF) ex-
pression (13). VEGF can therefore be one of the 
targets for treating TNBC. Among all convention-

al methods in cancer treatment, the use of herbal 
medicines is expanding. Using the MTT assay, 
the cytotoxic effects of curcumin was examined 
on triple-negative breast cancer (TNBC) at differ-
ent concentrations. Cancer cells were treated with 
gentle doses of chemicals that have little harmful 
effects in order to promote biocompatibility and 
minimize the impact on healthy cells. At 48 and 
96 hours of cultivation, the results revealed a sig-
nificant, dose- and time-dependent decline in the 
viability of MDA-MB-231 cells. 
 Curcumin significantly increased ataxia-

Figure 2. Cellular morphology of the MDA-MB 231 cancer cell line after exposure to initial toxic 
concentration of curcumin. (A) Control group at 96 h culture time, (B) treated cells at 10 µM concen-
trations of curcumin at 96 h culture time.

 

 

Figure 3. The expression of genes involved in apoptosis and angiogenesis. The cells were treated with 
curcumin at 10 µM concentration.
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telangiectasia mutated (ATM) expression while 
decreasing HIF-1 expression. Subsequently, Cur-
cumin inhibits the G2/M cell cycle and promotes 
apoptosis in head and neck squamous cell carci-
noma cells in vitro and in vivo via an ATM/Chk2/
p53-dependent mechanism (14). In a dose- and 
time-dependent manner, curcumin suppressed pro-
liferation in pancreatic cancer cells. Curcumin has 
the ability to induce cell cycle arrest at the G2/M 
phase as well as apoptosis through increasing in 
protein expression of Bax and LC3II, and down-
regulation of Bcl2 protein (10). 
 Curcumin not only induces apoptosis in 
sensitive cancer cells, but also triggers apoptosis 
signaling in drug-resistant cells (15).  In cancer 
cells treated with curcumin, a series of cellular 
responses occur, such as the reduction of CDC25 
and CDC2 and the increase of P21 protein levels, 
as well as the inhibition of the phosphorylation 
of Akt/mTOR and the induction of the mitochon-

drial apoptotic pathway, which ultimately induced 
G2/M phase cell cycle arrest and apoptosis (16).

5. Conclusion
  The obtained results proved that curcum-
in has the potential to be developed as a treatment 
for triple-negative breast cancer because it has a 
biphasic effect on the MDA-MB-231 cell line. 
According to our research, curcumin can prevent 
the spread of breast cancer by inducing apopto-
sis, which is the result of upregulation of Bax and 
down-regulation of Bcl-xl. Inhibition of angiogen-
esis through reduction of VEGF expression and in-
duction of apoptosis in initial toxic concentrations 
can introduce curcumin as a candidate in cancer 
treatment.

Conflict of Interest
 The authors declare no conflict of interest.

.................................................................................................................................
References
1. Jekabsons MB, Merrell M, Skubiz AG, 
Thornton N, Milasta S, Green D, Chen T, Wang 
YH, Avula B, Khan IA, Zhou YD. Breast cancer 
cells that preferentially metastasize to lung or bone 
are more glycolytic, synthesize serine at greater 
rates, and consume less ATP and NADPH than 
parent MDA-MB-231 cells. Cancer Metab. 2023 
Feb 20;11(1):4. doi: 10.1186/s40170-023-00303-
5. PMID: 36805760; PMCID: PMC9940388.
2. Nishida N, Yano H, Nishida T, Kamura 
T, Kojiro M. Angiogenesis in cancer. Vasc Health 
Risk Manag. 2006;2(3):213-9. doi: 10.2147/
vhrm.2006.2.3.213. PMID: 17326328; PMCID: 
PMC1993983.
3. Chakraborty G, Jain S, Kale S, Raja R, 
Kumar S, Mishra R, Kundu GC. Curcumin sup-
presses breast tumor angiogenesis by abrogating 
osteopontin-induced VEGF expression. Mol Med 
Rep. 2008 Sep-Oct;1(5):641-6. doi: 10.3892/
mmr_00000005. PMID: 21479462.
4. Zare ME, Kansestani AN, Hemmati S, 
Mansouri K, Vaisi-Raygani A. The rate of aero-
bic glycolysis is a pivotal regulator of tumor 
progression. J Diabetes Metab Disord. 2021 Apr 
1;20(1):523-531. doi: 10.1007/s40200-021-00774-
7. PMID: 34178852; PMCID: PMC8212265.
5. Peng B, Zhang SY, Chan KI, Zhong ZF, 
Wang YT. Novel Anti-Cancer Products Targeting 

AMPK: Natural Herbal Medicine against Breast 
Cancer. Molecules. 2023 Jan 11;28(2):740. doi: 
10.3390/molecules28020740. PMID: 36677797; 
PMCID: PMC9863744.
6. Siddiqui FA, Prakasam G, Chattopad-
hyay S, Rehman AU, Padder RA, Ansari MA, et 
al. Curcumin decreases Warburg effect in cancer 
cells by down-regulating pyruvate kinase M2 
via mTOR-HIF1α inhibition. Sci Rep. 2018 May 
29;8(1):8323. doi: 10.1038/s41598-018-25524-3. 
PMID: 29844464; PMCID: PMC5974195.
7. Hu C, Li M, Guo T, Wang S, Huang W, 
Yang K, Liao Z, Wang J, Zhang F, Wang H. Anti-
metastasis activity of curcumin against breast can-
cer via the inhibition of stem cell-like properties 
and EMT. Phytomedicine. 2019 May;58:152740. 
doi: 10.1016/j.phymed.2018.11.001. Epub 2018 
Nov 12. PMID: 31005718.
8. Guan F, Ding Y, Zhang Y, Zhou Y, Li M, 
Wang C. Curcumin Suppresses Proliferation and 
Migration of MDA-MB-231 Breast Cancer Cells 
through Autophagy-Dependent Akt Degradation. 
PLoS One. 2016 Jan 11;11(1):e0146553. doi: 
10.1371/journal.pone.0146553. Retraction in: 
PLoS One. 2023 Mar 15;18(3):e0283354. PMID: 
26752181; PMCID: PMC4708990.
9. Guo W, Ding Y, Pu C, Wang Z, Deng W, Jin 
X. Curcumin inhibits pancreatic cancer cell prolif-
eration by regulating Beclin1 expression and in-

55



Trends in Pharmaceutical Sciences 2024: 10(1): 51-56.

Abolfazl Sadeghi et al.

binding receptors in human breast cancer cells. 
British journal of cancer. 2007;97(8):1090-8.
14. Hu A, Huang JJ, Zhang JF, Dai WJ, Li 
RL, Lu ZY, et al. Curcumin induces G2/M cell 
cycle arrest and apoptosis of head and neck squa-
mous cell carcinoma in vitro and in vivo through 
ATM/Chk2/p53-dependent pathway. Oncotarget. 
2017 Apr 13;8(31):50747-50760. doi: 10.18632/
oncotarget.17096. PMID: 28881600; PMCID: 
PMC5584201.
15. Gabr SA, Elsaed WM, Eladl MA, El-
Sherbiny M, Ebrahim HA, Asseri SM, Eltahir 
YAM, Elsherbiny N, Eldesoqui M. Curcumin 
Modulates Oxidative Stress, Fibrosis, and Apop-
tosis in Drug-Resistant Cancer Cell Lines. Life 
(Basel). 2022 Sep 13;12(9):1427. doi: 10.3390/
life12091427. PMID: 36143462; PMCID: 
PMC9504331.
16. Hu S, Xu Y, Meng L, Huang L, Sun 
H. Curcumin inhibits proliferation and pro-
motes apoptosis of breast cancer cells. Exp Ther 
Med. 2018 Aug;16(2):1266-1272. doi: 10.3892/
etm.2018.6345. Epub 2018 Jun 22. PMID: 
30116377; PMCID: PMC6090267.

hibiting the hypoxia-inducible factor-1α-mediated 
glycolytic pathway. J Gastrointest Oncol. 2022 
Dec;13(6):3254-3262. doi: 10.21037/jgo-22-802. 
PMID: 36636058; PMCID: PMC9830349.
10. Zhu Y, Bu S. Curcumin Induces Autoph-
agy, Apoptosis, and Cell Cycle Arrest in Human 
Pancreatic Cancer Cells. Evid Based Comple-
ment Alternat Med. 2017;2017:5787218. doi: 
10.1155/2017/5787218. Epub 2017 Sep 10. PMID: 
29081818; PMCID: PMC5610853.
11. Li P, Pu S, Lin C, He L, Zhao H, Yang 
C, et al. Curcumin selectively induces colon 
cancer cell apoptosis and S cell cycle arrest by 
regulates Rb/E2F/p53 pathway. J Mol Struct. 
2022;1263:133180.
12. Zhou Y, Kong Y, Jiang M, Kuang L, Wan 
J, Liu S, Zhang Q, Yu K, Li N, Le A, Zhang Z. Cur-
cumin activates NLRC4, AIM2, and IFI16 inflam-
masomes and induces pyroptosis by up-regulated 
ISG3 transcript factor in acute myeloid leukemia 
cell lines. Cancer Biol Ther. 2022 Dec 31;23(1):328-
335. doi: 10.1080/15384047.2022.2058862. 
PMID: 35435150; PMCID: PMC9037542.
13. Timoshenko A, Rastogi S, Lala P. Mi-
gration-promoting role of VEGF-C and VEGF-C 

56


