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Introduction
Breast cancer is the most common malignancy and the second 
cause of cancer death among women in the worldwide [1]. About 
1 in 8 women will have invasive breast cancer at some point in their 
lives in the United States [2]. There are various treatments for 
breast cancer such as surgery, chemotherapy, and immunotherapy 
[3, 4]. It has been proven that early diagnosis could help to improve 

the response to treatment and increase the survival rate in patients 
[4]. Nevertheless, standard treatment fails in patients with hor-
mone resistant breast cancer in whom the tumor eventually relaps-
es. Several studies found that the small subpopulations of tumor 
cells known as cancer stem cells (CSCs) had a principal role in tumor 
progression and chemotherapy resistance; these cells have self-re-
newal capacity and differentiate into other tumor cells [5, 6]. How-
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Abstr act

Hypoxia in the microenvironment is related to chemotherapy 
resistance, tumor progression, and metastasis. Curcumin, as a 
phenolic compound extracted from the turmeric, has been 
used as an anti-cancer agent with low toxicity in recent years. 
Since curcumin has inhibitory activities against hypoxia-induc-
ible factors (HIFs) in several cancers, this study was conducted 
to examine the effect of curcumin on MCF-7 cells and cancer 
stem-like cells (CS-LCs) under hypoxic and normoxic condi-
tions. CS-LCs were isolated from MCF-7 cells using the magnet 
activated cell sorting (MACS) method based on CD44

 + / CD24
- 

surface markers. The effects of curcumin on the viability of 
MCF-7 cells and CS-LCs were examined in hypoxic and nor-
moxic conditions using the MTT test. The effects of curcumin 
on apoptosis and cell cycle of CS-LCs and MCF-7 cells were 
analyzed using flow cytometry. Moreover, the inhibitory effects 
of curcumin on the levels of HIF-1 and HIF-2α protein in CS-LCs 
were investigated using the western blot method. Early apop-
tosis occurred in CSC-LCs more than MCF-7 cells under hypox-
ic conditions. Flow cytometry assay showed that curcumin 
caused cell cycle arrest of CSC-LCs and MCF-7 at the G2/M 
phase under hypoxic conditions while under normoxic condi-
tions, arrest occurred at the G0/G1 phase in MCF-7 cells and at 
S and G2/M phases in CS-LCs. Based on the results, the cur-
cumin inhibited the expression of HIF-1 by degrading ARNT in 
CS-LCs. In conclusion, curcumin has inhibitory effects on MCF- 
7 cells and CS- LCs and thus may be used as an antitumor agent.
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ever, CSCs escape from chemotherapy due to their quiescent state; 
in addition, they express high levels of drug efflux transporters and 
other genes that contribute to drug resistance. Therefore, it is nec-
essary to investigate new therapeutic agents that can eliminate the 
CSCs [7, 8]. Previous studies found that cancer stem-like cells (CS-
LCs) could be identified and isolated from tumors based on cell sur-
face markers. For instance, CSC markers in breast cancer cell lines are 
identified by high CD44 and low CD24 expression (CD44

 + / CD24
 − /low) 

[9, 10].
As a result of structural abnormalities of microvessels during the 

progression of the solid tumors, blood vessels cannot supply suffi-
cient oxygen to the neoplastic and stromal cells; therefore, hypox-
ia conditions occur in the tumor microenvironment. Hypoxia in-
duces the activity of two hypoxia- inducible factors (HIFs), HIF1 and 
HIF2α. HIF1 is a complex of HIF1α and HIF1β subunits or aryl hy-
drocarbon receptor nuclear translocator (ARNT) that upregulates 
under hypoxic conditions. Additional studies have shown that HIF1 
activates several genes that have a pivotal role in cancer progres-
sion. Moreover, it has been established that the activity of HIF-2α 
results in the progression of several malignancies such as clear cell 
renal cell carcinoma, lung carcinoma, and neuroblastoma [11]. 
Therefore, expression of HIF target genes enhances tumor progres-
sion and metastasis, resulting in a substantial increase in patient 
mortality. Accordingly, HIF inhibitors have been considerate as an-
ti-cancer drugs. They are able to inhibit the expression or function 
of HIF1α and HIF2 [12].

Curcumin ((1E,6E)-1,7-bis (4-hydroxy- 3-methoxyphenyl) -1,6- 
heptadiene-3,5-dione) is a lipophilic component extracted from 
the rhizomes of Curcuma longa. In traditional Asian medicine, tur-
meric is routinely used for treatment of several diseases such as he-
patic diseases and anorexia. Some clinical studies reported that 
curcumin has antitumor and antioxidant effects [13].

In this study, CS-LCs were identified and isolated from breast 
MCF-7 cells based on surface markers CD44

 + /CD24
low. The inhibi-

tory effect of curcumin on HIF in CS-LCs and parent cells in normox-
ic and hypoxic conditions were evaluated.

Materials and Methods

Reagents and Chemicals
Curcumin (Exir-nano-sina) was prepared using dimethyl sulfoxide 
(DMSO) and stored at  − 20 °C. RPMI-1640, FBS (fetal bovine serum). 
Penicillin–streptomycin was purchased from Biosera (UckfieldEast 
Sussex, UK). 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium 
bromide (MTT) and DMSO were purchased from Sigma (St. Louis, 
MO). Anti HIF-1α, ARNT and HIF-2α antibodies were provided by 
R&D Systems Inc. Other antibodies (anti-CD44-conjugated micro-
beads, CD24-conjugated biotin and antibiotin- CD24) were pur-
chased from Miltenyi Biotec. Annexin V-FITC and propidium iodide 
(PI) were purchased from eBioscience (San Diego, CA).

Cell culture
The MCF-7 (human breast adenocarcinoma) cell line was obtained 
from the Pasteur Institute Cell Bank of Iran (Tehran, Iran) and cul-
tured in RPMI-1640 medium supplemented with 10 % fetal bovine 

serum (FBS) and 1 % penicillin/streptomycin. All the cells were in-
cubated in 20 % O2 and 5 % CO2 under normoxic conditions in a nor-
mal incubator. For hypoxic conditions, the cells were incubated in 
different conditions, 1 % O2, 5 % CO2, and N2 gasses.

Fluorescence-activated cell sorting analysis (FACS)
Flow cytometry was used to detect the CS-LCs population of MCF-7 
cells. In this method, MCF-7 cells were cultured. After 2 weeks, the 
cells were trypsinized with trypsin enzyme (BIOWEST) and washed 
with PBS. Then, the pellets were resuspended and incubated in PBS 
including 1 % BSA and antibodies against cell surface markers CD24-
APC (eBioscience, 17024742) and CD44-PE-Cy7 (Abcam, ab82529) 
for 30 min at 4 °C in dark conditions.

After the incubation time, the cells were washed with PBS, eval-
uated using the FACS caliber system (BD Pharmingen), and ana-
lyzed using the FlowJo software (Tree Star, Inc., Ashland, OR, USA).

Magnet-Activated Cell Sorting (MACS)
The CD44

 + /CD24
 −  cells as CS-LCs were isolated from MCF- 7 cells 

using the MACS kit (Miltenyi Biotec, Auburn, CA) according to the 
manufacturer’s protocol. Trypsinized MCF- 7 cells were rinsed with 
running buffer and labeled directly with 20 µl MACS anti-CD44-con-
jugated microbeads at 4 °C (Miltenyi Biotec). Subsequently, the cells 
were washed with PBS, 500 µl of buffer was added to the cells, and 
the mixture was placed in the LD column for positive cell separa-
tion (Miltenyi Biotec) in the magnetic field (QuadroMACS separa-
tor; Miltenyi Biotec). The CD44

- cells were elated and CD44
 +  cells re-

mained in the column. After removing the column from the mag-
netic field, the CD44

 +  cells retained by the column were washed 
twice with 1 ml of buffer and cultured.

To isolate the CD24-depleted (CD24
 − ) cell populations, 8 × 106 

CD44
 +  cells were trypsinized. Briefly, CD44

 +  cells were incubated 
with 40 µl of running buffer and 10 µl of CD24 - conjugated biotin 
(secondary antibody) (Miltenyi Biotec) for 15 min in the dark at 4 °C. 
After incubation, the cells were washed with buffer, running buffer 
was added, and the cells were labeled with 20 µl anti-biotin-CD24 
microbeads (Miltenyi Biotec) for 15 min in the dark at 4 °C. After 
washing with PBS, the cells were re-suspended in 500 ml of buffer 
and placed in the LD/Depletion column in a magnetic field. Finally, 
CD24 - depleted (CD24

 − ) cell populations crossed the column and 
CD44

 + /CD24
 −  cells were isolated from the MCF-7 cells and cultured.

MTT assay
To determine the effects of curcumin on the viability of MCF-7 cells 
and CS-LCs, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide (MTT) assay was used. Cells (1 × 104 per well) were 
seeded in 96-well plates and incubated overnight. The cells were 
treated with different concentrations (5, 10, 20, 40, 80 and 160 μM) 
of curcumin and incubated under normoxic and hypoxic conditions 
for 24 h. Then, after removing the medium, 5 mg/ml MTT in PBS 
was added and the cells were incubated at 37 °C for 4 h. Finally, 
100 µl dimethylsulfloxide (DMSO) was added to dissolve precipi-
tated Formosan and the absorbance was measured at 570/690 nm 
using ELISA reader (Anthos, UK). The following formula was used 
to calculate the cell viability (IC50):
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Cell viability ( %) = [1–(OD of the samples/OD of vehicle treated 
control)] × 100.

Evaluation of apoptosis by flow cytometry
For this experiment, 5 × 105 CS-LCs and MCF- 7 cells were cultured 
in six-well plates and allowed to attach overnight. Then, the cells 
were treated with IC50 concentration of curcumin for 24 h under 
hypoxic and normoxic conditions. After finishing incubation time, 
the cells were trypsinized, re-suspended in 100 µl binding buffer 
containing 10 µl Annexin-V-FITC and 5 µl PI, and incubated at room 
temperature for 15 min in a dark place. The percent of apoptotic 
cells was measured via flow cytometry (BD Biosciences, San Jose, 
CA, USA).

Cell cycle assays
The CS-LCs and MCF- 7 cells were seeded in six-well plates and treat-
ed under the conditions used for apoptosis assay. The cells were 
harvested, fixed with 2 ml of cold 70 % ethanol in a cold place for 
2 h. Then, the cells were suspended in PBS containing 0.05 % Triton 
X-100 (Sigma), 0.1 mg/ml DNAse-free RNAse A and 50 µg/ml pro-
pidium iodide (Roche) and incubated at room temperature for 
45 min. Differences in the cell cycle distribution were determined 
using the FACS caliber flow cytometer (BD Biosciences, San Jose, 
CA, USA) and the data were analyzed using the FlowJo software 
(Tree Star, Inc., Ashland,OR, USA).

Western blot analysis
The CS-LCs (4 × 105 cells/ml/well) were seeded in six-well plates and 
treated with curcumin under hypoxic and normoxic conditions. 
After 24 h, the cells were lysed with lysis buffer to extract the total 
protein [14]. Equal amounts of protein were separated by 10 % SDS-
PAGE and transferred to a PVDF membrane (Roche, Germany). Sub-
sequently, the membrane was blocked with 5 % non-fat dry milk in 
TBS-T (0.05 % Tween-20) for two hours at room temperature and 
blotted for primary antibodies (HIF-1α: 1:2000; HIF-2α: 1:2000; 
ARNT: 1:1000 R&D Systems and β-Actin 1:5000 Santa Cruz Biotech) 
overnight at 4 °C. After washing three times with TBS-T, the mem-
branes were incubated with horseradish peroxidase (HRP)-conju-

gated secondary antibody at 1: 5000 for 60 min at room tempera-
ture and developed using enhanced chemical luminescence detec-
tion system (ECL) (Roche, Germany). Bands were analyzed using 
the Image J software and normalized to corresponding β-actin band 
intensity.

Data analysis
Data were analyzed using the GraphPad Prism version 5.01. The re-
sults are presented as mean ± SD of three independent experi-
ments. Two-way analysis of variance (ANOVA) followed by Tukey 
post hoc test was utilized for multiple comparisons between the 
different groups. P values  ≤ 0.05 were considered significant.

Results

Sorting and identification of CD44
 + / CD24

- cells from 
MCF-7 cells
The CS-LCs were isolated from MCF- 7 cells based on CD44

 + /CD24
 − /low 

phenotype using the MACS method. Fluorescence-activated cell 
sorter (FACS) was used for characterization of CS-LCs surface mark-
ers before and after cell sorting (▶Fig. 1). As shown in ▶Fig. 1, the 
evaluation of the proportion of CD44

 + /CD24
 − /low showed the per-

centage of CS-LCs increased from 0.78 % to 33.86 %.

Inhibitory effect of curcumin on proliferation of 
CS-LCs and MCF-7 cells
The results showed that the 50 % inhibitory concentration (IC50) of 
curcumin was 30.7 ± 1.2 and 24.4 ± 0.9 µM in MCF-7 cells and CS-

▶Fig. 1	 Percentage of CD44 and CD24 surface markers in MCF-7 cells. a Flow cytometry analysis showed that 0.78 % of MCF-7 cells expressed CD44
 + /

CD24
 −  cell surface markers (R1). b After isolation using the MACS method, the proportion of cells with CD44

 + /CD24
 − /low phenotype increased to 

33.86 % (R1).

▶Table 1 	 IC50 values of the Curcumin (µM) on CSC-LC and MCF-7 under 
both normoxic and hypoxic conditions. Results are expressed as mean ± SD, 
N = 9.

IC50 of Curcumin (µM) CSC-LC MCF-7 cells

Normoxia 24.4 ± 0.9 30.7 ± 1.2

Hypoxia 19.05 ± 0.3 15.5 ± 0.3
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LCs under normoxic conditions, respectively. The IC50 of curcumin 
was 15.5 ± 0.3 and 19.05 ± 0.3 µM in MCF-7 cells and CS-LCs under 
hypoxic conditions respectively (▶Table 1), which indicated that 
curcumin decreased cell viability of MCF-7 cells and CS-LCs under 
hypoxic condition compared to normoxic conditions. The results 
showed that the IC50 of curcumin in MCF-7 cells was significantly 
higher in hypoxic conditions versus normoxic conditions (P ≤  0.05), 
while the IC50 of curcumin in CS-LCs was lower in hypoxic condi-
tions compared to normoxic conditions although the difference 
was not statistically significant (▶Fig. 2).

The effects of Curcumin on CS-LCs and MCF-7 cells 
apoptosis
We examined whether the toxic effect of curcumin on CS-LCs and 
MCF-7 cells was due to the induction of apoptosis. Annexin-V-FITC/
PI staining was performed to determine the percentage of apop-
totic cells. CSC-LCs and MCF-7 cells were exposed to IC50 concen-
tration of curcumin under normoxic and hypoxic conditions. Ac-
cording to the findings,  %) under hypoxic conditions, curcumin in-
duced more apoptosis in CS-LCs (45.9 %) compared to MCF-7 cells 
(24.6). No statistical difference was observed in apoptosis between 
CS-LCs and MCF-7 cells under normoxic conditions (▶ Fig. 3, 
▶Table 2) whereas in early apoptosis increased significantly in CS-
LCs compared to MCF-7 cells hypoxic conditions (P ≤  0.05).

Effects of Curcumin on cell cycles of CS-LCs and 
MCF-7 cells
To evaluate the inhibitory effects of curcumin on cell cycle phases 
of CS-LCs and MCF-7 cells in hypoxic and normoxic conditions, cell 
cycle analysis was performed using fluorescent PI-stained cellular 
DNA. CS-LCs and MCF-7 cells were exposed to IC50 concentration 
of curcumin and cell cycle distribution was determined via flow cy-
tometry.

▶Fig. 3	 Effects of curcumin on apoptosis of CS-LCs and MCF-7 cells. a) No difference was observed in apoptosis between CSC-LCs and MCF-7 under 
normoxic condition. b) Early apoptosis occurred in CSC-LC (45.9 %) that was significantly increased under hypoxic conditions in comparison with the 
MCF- 7 cells (24.6 %),  *  (P < 0.05),  *  *  (p < 0.01).

▶Table 2 	 Effects of Curcumin on apoptosis of CSC-LC and MCF-7 under 
both normoxic and hypoxic conditions. Results are expressed as mean ± SD, 
N = 2.

Live cells Early 
apoptosis

Late 
apoptosis

Normoxia

CSC-LC 45.12 ± 4.2 46.31 ± 2.8 3.92 ± 0.3 

MCF-7 cells 49.51 ± 0.86 55.3 ± 2.6 6.17 ± 0.6

Hypoxia

CSC-LC 44.15 ± 5.7 45.9 ± 3.2 2.14 ± 0.08

MCF-7 cells 60 ± 1.5 24.6 ± 1.8 5.05 ± 1.09

▶Fig. 2	 Viability of CS-LCs and MCF-7 cells was evaluated using 
MTT assay after treatment with different concentrations of curcumin 
after 24 h under normoxic and hypoxic conditions (mean ± SD, N = 9). 
Comparison of IC50 value of MCF-7 cells and CS-LCs in normoxic 
(30.7 ± 1.2 and 24.4 ± 0.9 µM, respectively) and hypoxic conditions 
(15.5 ± 0.3 and 19.05 ± 0.3 µM, respectively) (mean ± SD) showed 
that MCF-7 cells were more sensitive in hypoxic conditions compared 
to normoxic conditions  *  *  * (p ≤ 0.001).
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As shown in ▶Table 3, curcumin caused an increase in the G0/
G1 phase (59.5 % vs. 68.24 %) in normoxic conditions; by contrast, 
S and G2/M phases were decreased in MCF-7 cells. Furthermore, 
treatment of CSC-LC with curcumin led to a rise in the S (24.08 % 
vs. 29.64 %) and G2/M phases (18.05 % vs. 28.35 %) in comparison 
to the control group (▶Table 3). As shown in ▶Table 4, there was 
a decrease in G0/G1 and S phases and an increase in the G2/M phase 
in both CS- LCs and MCF-7 cells under hypoxic condition.

Effects of Curcumin on HIF-1 (HIF-1α, ARNT) and 
HIF-2α expression
The inhibitory effects of curcumin on HIF protein expression of CS-
LCs was investigated by western blotting. CS-LCs were treated with 
2.5, 5, 10, and 20 µM of curcumin under normoxic and hypoxic con-
ditions. The results indicated that curcumin reduced the levels of 
ARNT and HIF-2α protein in both normoxic and hypoxic conditions in 
a dose dependent manner. However, the HIF-1α level was not affect-
ed by curcumin under normoxic and hypoxic conditions (▶Fig. 4).

Discussion
Breast cancer is the most prevalent malignancy in women with a 
higher mortality rate among all cancers. Despite treatment devel-
opments, tumor recurrence and therefore decreased survival are 
common problems. Researchers have recently focused on new 
agents with cytotoxic effect on cancer cells, especially CSCs. There-
fore, this study was conducted to examine the effect of curcumin 
on MCF-7 cells and CSC-LCs in hypoxic and normoxic conditions. It 
has been shown that tumor heterogeneity is one of the reasons for 
treatment failure resulting in disease recurrence. Recent studies 
have indicated that existing CSCs in solid tumors lead to chemo-
therapy resistance; therefore, CSCs should be eliminated to over-
come drug resistance [15]. CSCs are a limited subpopulation with 
specific properties like self-renewal that are detected in several ma-
lignancies such as melanoma, breast, prostate and colon [16, 17]. 
Several studies have focused on isolating CSCs according to surface 
markers in order to develop new anticancer agents for targeted 
chemotherapy [17, 18]. Moreover, the CD44

 + / CD24
- phenotype has 

been proven for isolating the population of cells with CSCs proper-
ties from breast cancer cell lines (MCF-7 and MDA-MB 231 cells) 
[19]. In this study, CS- LCs were isolated from MCF-7 cells using the 
MACS method and characterized via flow cytometry. In MCF-7 cells, 
0.78 % of the population expressed the CD44

 + / CD24
- phenotype; 

however, this phenotype increased markedly to 33.86 % after MACS 
sorting.

Curcumin has different therapeutic effects such as antioxidant, 
anti-inflammatory, and antitumor properties [13, 20]. In addition, 
several studies found that curcumin had negligible toxicity and ad-
verse effects. Therefore, in recent years, curcumin has received sig-
nificant attention in clinical trials as an antitumor agent in different 
cancers [21, 22]. Furthermore, the combination of curcumin with 
other chemotherapeutic agents may increase the efficacy of treat-
ment and inhibition of cancer cell growth [9, 23]. Liu et al. found 
that curcumin decreased cell viability and induced apoptosis in 
ovarian cancer cell lines [22]. The present study showed that cur-
cumin was more toxic for MCF-7 cells in hypoxic conditions (IC50, 
15.5 μM) compared to normoxic conditions (IC50, 30.7 μM); be-

▶Table 3 	 Effects of Curcumin on CSC-LC and MCF-7 cells cycle under 
normoxic condition. Results are expressed as mean ± SD, N = 2.

Nor-
moxia

G0/G1 S G2/M

MCF-7

Control 59.5 % ± 1.2 25.05 % ± 2.8 14.72 % ± 2.24

30 µM 
Curcumin

68.24 % ± 2.9 19.03 % ± 1.35 5.26 % ± 1.7

CSC-LC

Control 55.2 % ± 2.1 24.08 % ± 1.1 18.05 % ± 1.9

25 µM 
Curcumin

47.58 % ± 0.5 29.6 % ± 1.8 28.35 % ± 0.18

▶Table 4 	 Curcumin effects on CSC-LC and MCF-7 cells cycle under hy-
poxic condition. CSC-LC and MCF-7 were treated with Curcumin at IC50 
concentration (25 and 30 µM) for normoxic concentration and also 19 and 
15 µM for hypoxic concentration. FlowJo software was used for data analy-
sis. Results are expressed as mean ± SD, N = 2.

Hypoxia G0/G1 S G2/M

MCF-7

Control 59.01 % ± 5.6 36.14 % ± 5.5 8.8 % ± 0.81

16 µM 
Curcumin

60.59 % ± 2.4 26.7 % ± 2.3 13.25 % ± 1.5

CSC-LC

Control 61.5 % ± 2.5 35.7 % ± 0.49 6.39 % ± 0.06

19 µM 
Curcumin

50.85 % ± 2.3 27.37 % ± 2.1 26.5 % ± 2.9

▶Fig. 4	 Effects of curcumin on HIF-1α, ARNT, and HIF-2α protein 
expression in CS-LCs using western blot as explained in Materials and 
Methods section. CS-LCs were treated with up to 20 µM of curcumin 
for 24 h under hypoxic and normoxic conditions. Curcumin reduced 
the levels of ARNT and HIF-2α protein in both normoxic and hypoxic 
conditions in a dose dependent manner.
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sides, the inhibitory effect of curcumin on cell viability of CS- LCs 
was increased in hypoxic conditions but it was not significant.

Curcumin can induce apoptosis in various cancer cells via up-
regulation of proapoptotic genes including caspase cascades, BAX, 
and PUMA and downregulation of antiapoptotic genes such as BCL2 
[24, 25]. Annexin-V and PI staining was done to evaluate the anti-
proliferative property of curcumin in MCF-7 cells and CS-LCs under 
hypoxic and normoxic conditions. The results showed that apop-
tosis occurred in IC50 concentration of curcumin in MCF-7 cells and 
CS- LCs under normoxic and hypoxic conditions, whereas curcum-
in-induced apoptosis was significantly more in CS-LCs compared 
to MCF-7 cells under hypoxic conditions.

Flow cytometry was used to determine the mechanism of the 
growth inhibitory effect of curcumin on cell proliferation. The re-
sults of the cell cycle showed curcumin in IC50 concentration in-
duced arrest in MCF-7 cells and CS-LCs in the G2/M phase in hypox-
ic conditions. By contrast, in normoxic conditions, curcumin in-
duced G0/G1 arrest in MCF-7 cells at a concentration of 30.7 µM and 
G2/M and S cell cycle arrest in CS- LCs at a concentration of 24.4 µM. 
It has been demonstrated that curcumin could induce G2/ M arrest 
in melanoma cells [26].

Next, the inhibitory effect of curcumin on HIFs expression was 
assessed in MCF-7 cells and CS-LCs under hypoxic and normoxic 
conditions. Recent studies have demonstrated that hypoxia leads 
to the survival of CSCs in tumors by overexpression of HIFs result-
ing in resistance to chemotherapy and tumor recurrence. Further-
more, the activity of HIFs has a pivotal role in tumor progression, 
angiogenesis, invasion and metastasis; therefore, they play a cru-
cial role in the survival of tumor cells in hypoxic Conditions [27, 28]. 
Several studies have focused on developing anticancer agents by 
targeting HIF1 subunits and HIF 2α [29]. Ströfer et al. investigated 
the inhibitory effect of curcumin on HIF1 subunits and HIF2α pro-
tein levels in MCF-7 cells under hypoxic and normoxic conditions 
[30]. The results of the present study showed that treatment of CS-
LCs with curcumin did not inhibit the levels of HIF-1α protein ex-
pression. Moreover, curcumin had an inhibitory effect on ARNT and 
HIF 2α protein expression in CS-LCs at a concentration of 20 µM 
under hypoxic and normoxic conditions. Therefore, curcumin as an 
antitumor herbal composition could inactivate HIF-1 by degrading 
ARNT and decreasing the level of HIF2α protein in CS-LCs under 
normoxic and hypoxic conditions. Thus, the results suggest that 
curcumin can be used as an antitumor compound due to inhibiting 
the ARNT and HIF 2α protein expression in CS-LCs, which may in-
hibit tumor metastasis.

Conclusion
In conclusion, this study found that curcumin had cytotoxic effects 
on CS-LCs and MCF-7 cells under normoxic and hypoxic conditions. 
Based on these findings, curcumin can be considered as an antitu-
mor agent that affects CSCs and breast cancer cells.
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