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Abstract
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Breast cancer isamong the most common types of cancer and the second leading cause of cancer-related death in women. Therefore,
finding treatments with the highest effectiveness and least side effects is of great importance. Curcuma langa, commonly known
as curcumin, has many advantages, including antioxidant, antiinflammatory, anticancer, and wound-healing properties. The an-
ticancer mechanisms include prevention of malignant cell formation, as well as reduction of angiogenesis and tumor growth, as
documented in some malignancies, including pancreatic, ovarian, gastric, and colorectal cancers. Recent research has also docu-
mented curcumin activities against breast cancer, in particular molecular pathways involved in cell growth, differentiation, apop-
tosis, and suppression of inflammation. Therefore, the aim of the current review was to study the effects of curcumin on breast
cancer. Conflicts of Interest: The authors declare no conflicts of interest.

1. Introduction

Breast cancer is the most common type of cancer in
women (22% of all cancers) and is the second leading cause
of cancer-related death, following lung cancer (15% of all
deaths) in this population. In the past 10 - 15 years, timely
screening methods, as well as new and effective medica-
tions, have helped reduce the mortality rate to 2-3% (1).
Based on previous research, factors such as higher age, ge-
ographical location, socioeconomic status, and reproduc-
tive status (eg, menarche, menopause, and pregnancy), to-
gether with hormonal status, lifestyle (eg, diet, alcohol
consumption, obesity, and physical activity), family his-
tory, ionizing radiation, and genetic factors, can all con-
tribute to breast cancer (2).

The medications for breast cancer include cyclophos-
phamide, methotrexate, 5-fluorouracil, doxorubicin,
epirubicin, docetaxel, tamoxifen, anastrozole, exemes-
tane, and carboplatin (3). However, it seems necessary
to find drugs with greater effectiveness against breast
cancer. Turmeric is a spice with a plant origin from the
Zingiberaceae family, with the scientific name of Curcuma
langa. The Indian traditional medicine (Ayurveda) uses
turmeric as a disinfectant to reduce inflammation and

promote wound healing (4).

At least 235 compounds have been detected in Cur-
cuma langa, which predominantly include phenols and
terpenoids. Among these constituents, curcuminoids
are of the greatest importance (5). In fact, curcumin
is the most important curcuminoid in turmeric, besides
desmethoxycurcumin, bidesmethoxycurcumin, and cy-
clocurcumin. In general, curcuminoids are polyphenols,
responsible for the yellow color of turmeric. Curcumin has
2 tautomeric forms of keto and enol. The enol form is more
stable in solid and solute phases (4).

2. Antioxidant Effects

Oxygen consumption in growing cells leads to the for-
mation of reactive oxygen species (ROS) (6). ROS also forms
in normal body conditions and causes peroxidation of cell
membrane lipids through lipid peroxidase accumulation.
ROS also has the potential to damage other biomolecules,
such as nucleic acids, proteins, and carbohydrates. ROS, if
not completely removed from the body, may lead to dis-
eases. Overall, there are around 100 diseases, in which ROS
is known to be involved (7).
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Curcumin acts as a substrate for lipoxygenases and an
inhibitor of cyclooxygenase (COX) (8, 9). Some curcumin
activities are dependent on its ability to eliminate oxygen
and nitrogen free radicals from the body (10). It has a
greater antioxidant capacity, compared to vitamin C and E.
In a study on heart ischemia in cats, a reduction was ob-
served in ischemic changes. Furthermore, in another in
vitro study regarding the effects of curcumin on heme oxy-
genase 1in bovine aortic endothelial cells, 18 hours of expo-
sure to curcumin increased cellular resistance to oxidative
damage (4).

Moreover, in mice with Ehrlich tumors, curcumin in-
hibited the formation of superoxides and eliminated per-
oxides and hydroxyl radicals (11). Additionally, in a study
on colon cancer cells, ROS production was induced after
15 minutes of curcumin exposure, while 2 hours later, the
amount of ROS started to decrease until it reached the nor-
mal level; this finding suggests the antioxidant effects of
curcumin (12).

3. Antiinflammatory Effects

COX plays an important role in the metabolism of
arachidonic acids and inflammatory pathways. COX-2 is
believed to contribute to the occurrence of colorectal,
breast, head and neck, lung, pancreatic, gastric, and pro-
static cancers (13). Molecular studies have shown the in-
hibitory effects of curcumin on agents and enzymes, lead-
ing to inflammatory responses. For instance, curcumin
could reduce the activity and expression of COX-2 in var-
ious cellular and animal studies (14, 15). In addition to
decreasing COX-2 expression, curcumin could reduce the
expression of prostaglandins and prostaglandin E (PGE2)
synthase 1, which are major factors in inflammation and
tumor growth (16).

Curcumin reversibly prevents the conversion of
prostaglandin H2 to PGE2 through PGE2 synthase 1 in
lung cancer cells via stimulation of interleukin-13 (17).
Curcumin prevents the expression of proinflammatory
genes through inactivation of activator protein 1 (AP-1)
and nuclear factor B (NF-B). AP-1 and NF-B are gene tran-
scription factors, which are expressed in cancer cells
and are involved in inflammatory responses caused by
lipopolysaccharides (LPS) (16). Moreover, it inhibits the
production of proinflammatory cytokine, interleukin-18,
with strong inflammatory effects (18).

4. Anticancer Effects

According to the literature, curcumin has anticancer
effects. These effects include prevention of malignant cell

formation, angiogenesis, and tumor growth (4). In lung
cancer, curcumin prevents differentiation and angiogen-
esis (19). By hindering the expression of EGFR and COX-2
genes, curcumin induces apoptosis in lung and pancreatic
cancer cells. Moreover, inhibition of EGFR-tyrosine kinase
inhibitors (TKIs) reduces lung tumor growth.

The effects of curcumin have been also studied in ani-
mal models of lung cancer. These studies have suggested
that curcumin increases the anticancer effects of gefitinib,
while reducing its gastrointestinal side effects. In a sim-
ilar study, curcumin, along with erlotinib, restricted the
growth of lung tumors. In this regard, an ongoing clini-
cal trial has assessed the effects of a combination of cur-
cumin with gefitinib and erlotinib on 20 cases of lung can-
cer since 2015. In this research, patients received curcumin
with gefitinib and erlotinib, and the effects of curcumin
were studied for 8 weeks.

In another ongoing study, the role of curcumin on the
salivary glands of chronic obstructive pulmonary disease
(COPD) patients is being evaluated. The dose of curcumin
used in this study was 1 g in the first month and 2 g in the
second month (20). Research on pancreatic cancer has also
shown the role of curcumin in the reduction of tumor size,
prevention of angiogenesis (21), and tumor growth inhi-
bition (22). The effects of curcumin on pancreatic cancer
have been demonstrated by orthotopic injection of can-
cer cells in mice. The results showed that curcumin could
inhibit tumor growth by interrupting the NF-kB pathway
(23).

Another similar study showed the effect of curcumin
on tumor growth inhibition by preventing SP transcrip-
tion (24). Moreover, in the second phase of a clinical trial
on pancreatic cancer, curcumin reduced the expression
of NF-kB, COX-2, and phosphorylated signal transducer of
transcription 3 in mononuclear blood cells (25). Moreover,
Epelbaum et al. evaluated the combined effects of cur-
cumin with gemcitabine in 17 pancreatic cancer patients.
The results showed that low-dose curcumin, together with
gemcitabine, has therapeutic effects (26).

Another similar study measured the toxic level of cur-
cumin and showed no toxicity at therapeutic doses. Based
on the findings, 8 g/day of curcumin was selected as the
acceptable dosage for future studies (27). Recent research
concludes that curcumin acts as an iron chelator, which
may cause iron-deficiency anemia in those with dietary
iron intake (28); curcumin can therefore influence iron
metabolism. Moreover, curcumin prescription to rats with
hepatoma and ascites results in tumor growth reduction
(29).

In prostatic cancer, curcumin induces apoptosis and
inhibits cell differentiation (30). A previous study demon-
strated that curcumin reduces the number of metastatic
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nodules (31). According to research on ovarian cancer, cur-
cumin inhibits tumor growth, reduces cell differentiation,
results in decreased microvasculature, and induces apop-
tosis in the cells (16). Numerous studies on gastric cancer
have shown the inhibitory effect of curcumin on this dis-
ease. According to these studies, curcumin increased the
lifetime and reduced the number of tumors in the treat-
ment group, compared to the controls (32). In another
study on MKN-45 cells, curcumin caused a reduction in
weight, prevented cell differentiation, and decreased IL-6
secretion (33).

In the second phase of a clinical study in which
colonoscopy and aberrant crypt foci (ACF) count were per-
formed in 44 smokers, curcumin could reduce the num-
ber of ACFs in colonic cancer patients (34). Previous stud-
ies show that curcumin is not toxic at therapeutic doses,
and a daily dose of 2.2 g can be prescribed in patients with
colorectal cancer (35). The maximum acceptable dose of
curcumin, used in combination with a standard dose of
docetaxel, is 6,000 mg/day for 3 weeks in breast cancer
chemotherapy(29). In thisregard, Ghalautetal. confirmed
the anticancer role of turmeric powder in 50 chronic myel-
ogenous leukemia (CML) patients. By reducing the amount
of nitric oxide in the body, curcumin could act as a thera-
peutic agent in these patients (36).

5. Anticancer Effects on Breast Cancer

NF-kB is one of the pathways, which affects the viability,
differentiation, and metastasis of breast cancer cells. Cur-
cumin inhibits this pathway by controlling IkBo and IkBa
kinase, activating IkBa through phosphorylation. The in-
hibition of NF-kB pathway by curcumin leads to the preven-
tion of antiapoptosis gene expression (eg, IAP1/2, XIAP, Bcl-
2,and Bcl-xL) and causes apoptosis in breast cancer cells.

Through inhibition of NF-B pathway, curcumin pre-
vents the expression of genes involved in cell differentia-
tion and metastasis. It also inhibits cyclin D1, c-Myc, COX-
2, and cellular matrix metalloproteinase-2 (MMP-2) (37). A
study on MCF-7 cells confirmed the presence of 214 genes,
affecting apoptosis in malignant cells. Based on the find-
ings, curcumin could change the expression of 114 genes.
Curcumin concentrations of 25 and 50 pg/mL lead to the
increased expression of 22 genes, while reducing the ex-
pression of 17 genes. On the other hand, further changes
in the expression of other genes are dose-dependent (38).

In addition, curcumin affects the Wnt pathway in MCF-
7 and MDA-MB-231 cell lines (involved in cell differentia-
tion and oncogenesis). The results showed that in both cell
lines, curcumin could inhibit Wnt/3-catenin components,
including disheveled (S-catenin, cyclinD1, and slug. Treat-
ment with curcumin resulted in changes in the expression
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of GSK33 and E-cadherin proteins in the Wnt pathway. The
changes made by curcumin in this pathway inhibited cell
differentiation and induced apoptosis (39).

In a previous study, the effects of curcumin on cell
growth and apoptosis were assessed in MBA-MB-231 and
MCE-7 cell lines, as well as BALB/c mice, which were subcu-
taneously injected MBA-MB-231 cells. The results confirmed
the inhibitory effects of curcumin on these cell lines. Apop-
tosis was detected through the expression of Bax apoptotic
protein and inhibition of Bcl-2 antiapoptosis protein (in-
creased Bax/Bcl2 ratio). Moreover, in vivo, curcumin could
reduce the size and volume of tumor, which demonstrates
its preventive role against tumor growth (40).

In a study on MCF-7 cells, after 24 hours, curcumin re-
duced the number of cells in the GO/G1 phase. It also mean-
ingfully reduced the expression of P53 protein and conse-
quently Bax and Bcl-X], resulting in the induction of apop-
tosis (41). In a similar study on MCF-7 cell line, curcumin
reduced cell line differentiation within 6 days. The effects
in the first 48 hours maintained the cells in the M phase,
prevented DNA synthesis and monopolar mitotic spindles,
and eventually inhibited normal chromosomal movement
in the anaphase. After 48 hours, the cell passed the M
phase; however, instead of 2 daughter nuclei, a large num-
ber of small nuclei were formed inside it (42).

One of the reasons for the progression of breast can-
cer is inflammation (43). A study on curcumin effects
on MBA-MB-231 cell line demonstrated the increased ex-
pression of hemeoxygenase 1 (HMOX1) and glutamate-
cysteine ligase modifier (GCLM) genes, despite the lower
expression of EGR1, prostaglandin-endoperoxide synthase
2/COX2 (PTGS2/COX2), CXCL1, and CXCL2 chemokines. The
expression of genes, related to these cytokines, is con-
trolled by the NFkB pathway (44).

By increasing the expression of some miRNAs, partic-
ularly mir8ib in metastatic cell lines, curcumin inhibits
CXCL1 and CXCL2 and consequently prevents cell differ-
entiation, reduces the aggressive potential, and induces
apoptosis (45). Moreover, the effect of curcumin on tumor
growth was studied in the MCF-7 cell line. Based on the
findings, curcumin inhibited cell differentiation. In addi-
tion, the aggressive potential of these cells showed a sig-
nificant reduction, which could be attributed to the de-
creased NFkB expression and p(PA activity (46).

In a similar study, the effects of curcumin on differ-
entiation of MDA-MB-231 and CDK4 cell lines were demon-
strated. Response to curcumin included the expression
of cyclin D1 in MDA-MB-231 and CDK4 cells, which signifi-
cantly reduced in BT-483 cells. In addition, the expression
of mRNA, related to MMPI, decreased in both cell lines.
These effects of curcumin are mainly attributed to the in-
hibition of NFkB pathway (47).
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Furthermore, a study examined how curcumin affects
mobilization and metastasis in MDA-MB-435 and MDA-MB-
231 cell lines and assessed the role of «634 integrin as a fac-
tor influencing cell mobilization. Curcumin could inhibit
the phosphorylation of 54 integrin, which is necessary for
PI3K activation and cell mobilization. Curcumin also pre-
vented Akt activation and ENPP2 expression, which are also
essential to cell mobilization. Based on the findings, cell
mobilization and metastasis were prevented by the inhibi-
tion of a634 integrins (48).

The results of a study on MDA-MB-231 cell line showed
that curcumin inhibits the aggressive effect of transform-
ing growth factor-31 (TGF-/31) on this cell line. In addition,
curcumin negatively affects the synthesis of MMP-9 and
activates Smad2, ERK1/2, and p38 through TGF-/31. Accord-
ing to the findings, the role of TGF-31in the stimulation of
MMP-9 and aggressive behaviors of malignant cells is de-
pendent on TGF-3/SMAD and TGF-3/ERK pathways (49).

MMP-9 is one of the main factors contributing to the
aggressive behaviors of cancer cells. Curcumin inhibits the
expression of 12-o-tetradecanoylphorbol-13-acetate (TPA)-
dependent MMP-9 in the MCF-7 cell line. This effect of cur-
cumin is applied through the suppression of NFkB and
AP-1 pathways, inhibition of P38 and JNK phosphorylation,
and prevention of protein kinase C alpha (PKC«) transport
(50).

Moreover, curcumin influences the activity of telom-
erase enzymes. In studies on T47D cell line, the inhibitory
effects of curcumin on the expression of hTERT gene, fol-
lowed by inhibition of telomerase enzymes, resulted in
growth inhibition in the cell line (51). The results of an-
other study on the MCD-7 cell line showed that telomerase
activity reduced in the presence of curcumin. This find-
ing might be related to the decreased expression of hTERT
gene, while hTER expression was not affected (52).

One of the enzymes, which has been recently discov-
ered to be involved in the growth and differentiation of
cancer cells, is Flap endonuclease 1 (Fen1). Curcumin causes
an increase in the expression of Nrf2 proteins in the MCF-
7 cell line, thereby stimulating its transfer from the cy-
toplasm into the nucleus and inhibiting Fen1 and conse-
quently cell growth and differentiation (53).

6. Conclusions

Considering the anticancer properties of curcumin,
as confirmed in many studies, and its nontoxic therapeu-
tic doses, turmeric and its effective ingredients, partic-
ularly curcumin, may be suitable adjuvant cancer treat-
ments, used with other standard medications. Future stud-
ies can indeed expand the current knowledge on breast

cancer, while clinical studies can improve our understand-
ing about the therapeutic effects of curcumin. On the
other hand, since curcumin has a low absorption rate and
bioavailability, other forms with higher levels of bioavail-
ability, such as Theracurmin, are recommended.
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