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Abstract:

Among all cancers, breast cancer is the most commonly occurring cancer in women and the second most common cancer overall, both in the developed and
less developed country. It is a matter of concern worldwide, that there is no effective drug is available for cancer treatment. Although, Surgery, radiation,
hormonal (anti-estrogen) therapy, and chemotherapy are being used for treatment of breast cancer in recent years, due to life threatening side effects,
these treatment approaches becoming more vulnerable. However, researchers from across the world searching a safe and effective treatment approach
that can be a breakthrough for this situation, as it is evident that natural compounds like shikonin from Lithospermum erythrorhizon can fight against
aggressiveness of breast cancer by regulating apoptosis, necroptosis and estrogen receptor signaling pathway. In this review, we discussed about potential
green chemical compounds with their mechanisms of actions, which can be very effective treatment regimen for breast cancer and can be more potent by
their proper modifications and further molecular research. Hopefully in future, research focusing on the “shikonin” will open a new door for increasing the
survival rate of breast cancer patients as well as cancer cure.
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1.0. Introduction:

Cancer, a disease which is a leading cause of morbidity and mortality Worldwide. According to World Health Organization Global Information base reports,
cancer cases will increase by 50% and likely lead to around 15 million deaths annually. In the United States alone, about 1,688,780 new cancer cases and
600,920 deaths will be reported in 2017 [1] and by the year 2030 the rate would be 26.4 million and 17 million deaths could occur in a year is expected [2].

Breast cancer is the most common malignancy in women [3] which is the most common endocrine cancer and the second leading cause of cancer-related
deaths in women [4]. More than 250 000 new cases of breast cancer were diagnosed in 2017 in only United States. One in eight women will be diagnosed
with breast cancer in her lifetime [5]. It will be diagnosed in 12% of all of the United States women over their lifetimes [6]. Approximately 252,710 new
cases of disturbing breast cancer and 40,610 breast cancer deaths are predictable to occur among US women in 2017 [7]. Natural products can exhibit
countless beneficial effects on human health. As far as cancer is concerned, naturally occurring compounds like shikonin have been reported to prevent
tumorigenesis and also to suppress the growth of tumors already established. Previously synthetic compound was used for cancer therapy but after some
days the cancer cell become resistant for chemotherapy and it is also toxic for health. Those problems can be overcome by using natural product for cancer
therapy. Treatment with shikonin appears to be non-toxic over a wide-range of concentrations. Shikonin is a natural naphthoquinone pigment isolated
from the root of Lithospermum erythrorhizon belongs to the family Boraginaceae in 1922 by the Japanese chemists Kuroda and Majima that has been
reported to conquer the growth of a number of cancer cell types [8, 9]. In this review, we summarized the different signaling pathways that is regulated by
shikonin leading to cell death induction.

2.0. Origin of breast cancer

The mammary epithelium carries an inner layer of luminal cells required for producing milk lies in the lobules and an outer layer of basal or myoepithelial
cells required for milk ejection [10]. Multipotent alveolar progenitor cell population (PI-MECs) that expands in both cells suggested a common bipotent
precursor for initiating breast cancer [11]. Breast cancers arise from the breast’s epithelial cells. Historically, MaSCs have a key role in initiating breast
cancer. In theory, these cells should have a lower threshold for oncogenic transformation than progenitor cells. In addition, MaSCs are long-lived within the
epithelium, these cells can give rise to a variety of breast carcinomas because of variable blocks along differentiation pathways and therefore are at bigger
risk to acquire the stepwise genetic alterations which is necessary for transformation, whereas transit-amplifying progenitors and terminally differentiated
cells presumably have a more limited lifespan. The presence of a shared secondary deletion of Pten subgroups of estrogen-receptor-o- positive (ERa-
positive) cells are progenitors on the differentiation pathway. Inhibition of those signaling pathways has recently been proposed to be a novel therapeutic
target which can be used stem-like cells within the tumor. Many traditional treatment of cancer target the proliferating cells and, while this strategy might
eradicate most of the tumor.

3.0. Shikonin and its use in Breast Cancer treatment

Shikonin is a key bioactive component of shikon with molecular weight of 288 containing potent antitumor activity in a variety of human cancer cells [12].
Not only Shikonin but also its derivatives are the main components of red pigment which is extracts from Lithospermum erythrorhizon Sieb at Zucc of East
Asia and are the potent pharmaceutical substances with a well-endowed and wide spectrum of wound healing, antibacterial, anti-inflammatory, antiviral,
analgesic, immunostimulatory, angiostatic, radical scavenging and antithrombotic and biological activities. The structure of shikonin contains the
naphthazarin moiety and the chiral six carbon side chain. Only for the naphthazarin core, it is readily susceptible and polymerized upon treatment with
acids, bases, heat or light and sensitive to oxidation by exposure to air or light due to its high chemical reactivity. For choosing the protection group and
construct the chiral side chain are the most challenging aspects.

Shikonin exerts its anti-tumor effects in breast cancer through targeting multiple signaling pathways, it is able for preparing breast cancer cells to several
chemotherapeutic drugs that might be able to solve the problem of drug resistance which is one of the major challenges in breast cancer treatment. Shikonin
also contain significant anti-migration and anti-invasion characteristics in several cancers [12].

Previous studies have demonstrated its significant antitumor efficacy toward breast cancer with following multifunctions. Shikonin induces apoptosis by a
classic caspase-dependent pathway involving the inactivation of (NF)-aB with concomitant activation of caspases 7, 9, and -3 [3], cell cycle arrest in the S
phase [13], as well as through upregulation of p53 and downregulation of cyclin-dependent protein kinase 4 [14]. It can be an inhibitor for signal transducer
and activator of transcription (STAT), focal adhesion kinase, and Src activation and also can decline the expression of breast cancer stem cell-associated
markers [4]. It can sidestep drug resistance in breast cancer cells [15]. AD which is typically used as an effective anticancer agent, however, it has the
propensity for inducing drug resistance which can be overcome by co-treatment of AD with shikonin. It enhances the antitumor effect of AD by inhibiting
ATP generation in A549 cells which indicates the inhibition of glycolysis may be an effective therapeutic treatment of cancer [9]. Shikonin accumulates in
the mitochondria of cancer cells and disrupts the function of mitochondria, and finally causes apoptosis that generate the majority of the cellular ATP supply
and also regulate the cell death machinery, they can be a promising targets for cancer therapy [16]. Collectively, it has a great clinical potential for effective
treatment of breast cancer. The multiple targets of shikonin to inhibition of tumor indicate that it can be an excellent candidate for breast cancer therapy.
Therefore, extended studies are necessary for enhancing the bioavailability profile of shikonin. And also, clinical application of shikonin requiresmore
preclinical data, and clinical trials based study should be introduced for understand the efficacy of shikonin not only single but also adjuvant therapy for
treating breast cancer patients.

4.0. Shikonin is better than Conventional Treatment for breast cancer.
Several strategies are available for treating breast cancer patients including surgery, radiotherapy with an adjuvant chemotherapy, and hormone therapy.
Commonness of brachial plexopathy, rib fracture, tissue necrosis, pericarditis, and second non-breast infield malignancies can occur in patients when breast
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cancer is treated with surgery and radiation therapy [17]. MDR tumors are another threat towards cancer therapy and which is a very serious cause of
cancer related deaths in breast cancer patients. Many previously used drug which is very successful such as anthracyclines, taxanes, and capecitabine can
also be resistant to a patient [18]. Additionally, major side effects of chemotherapy are the reduction of white and red blood cells. Other significant side
effect of conventional treatment is hair loss, Fatigue, sore throat, nausea, ulcers, and loss of appetite, change in taste, constipation, diarrhea, change in skin
color, and various hormonal changes [19]. The adverse projection is mainly attributed to nonspecific absorption of chemotherapeutic drugs in normal
tissues.

Natural products like shikonin with diverse chemical structures and pharmacological effects serve as effective substances against drug resistance. The
cytotoxic effects of Shikonins, selectively kills only the tumor cells but not normal cells [20], which gives rise to the Schematic representation of the different
molecular targets for shikonin. It has been shown to induce a non-apoptotic cell death known as necroptosis which can overcome the limitation of antitumor
therapy. Shikonin which become active against the cell lines those are highly resistant to a variety of anticancer agents named anthracyclines, vinca
alkaloids, taxanes, and epipodophylotoxins, among others. A significant therapeutic impact cannot be achieved by targeting only one mechanism of cancer
development because of the heterogeneous nature of cancer. Shikonin, with its wide spectrum of mechanisms of action can activate multiple pathways of
cell death, thus seems to be a promising anti-cancer agent. The results from such reports indicate that shikonin can be a promising agent for the treatment
of breast cancer, struggling the development of the disease through several different mechanisms. Taxol which is a chemotherapeutic drug for breast
cancers. Studies have shown that taxol induces cell cycle arrest in breast cancer cell line MDA-MB-231 at the G2/M phase. Although taxol has been
successfully used as an anti-cancer drug, rising drug resistance has created a drawback by Utilizing shikonin as an adjuvant for chemotherapy may help to
overcome the toxicity and drug resistance [21]. This natural product has therapeutic and chemo-preventative potentials for cancer patients.

5.0. Pathway targeted by shikonin in breast cancer
Shikonin provides positive health benefits by acting directly on specific molecular targets that affect metabolic pathways which are responsible for breast

cancer. It has a promising anti-cancer and anti-CSC effects in breast cancer cells [4]. Shikonin can work in (1) Apoptosis pathway [3] (2) Necrosis pathway
and (3) Estrogen receptor (ER) signaling pathway. Different target of shikonin are given in Figure: 1 and Table: 1

1.Switches off JNK and p38 MAPK pathways [3]
2.Reduce HIF-1a and VEGF expression [21].

-J 3. frustrated NCI-N87 cells proliferation & migration
— [22].

1.Inhibition of glycolytic rate [23]
3. Mitochondrial injury [24]

i PR

1. ERo degradation [25]
3. Activation of Nrf2 pathway [25]

S. suppresses the expression of pS2, c-myc, and
cyclin D1 [25]

Figure 1: Different target of shikonin for suppressing different pathway.

Table 1: Action of shikonin in different stages of breast cancer
Mechanism References
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It inactivates PI3K/AKT signal pathway by adjusting miR-195 [22]
Having anti proliferative effects on breast cancer during Cdc25s mediation [26]
Shikonin potently inhibits elevated breast cancer metastasis by targeting the EMT [27]
Inhibition of DNA topoisomerases activities. [21]
Inhibition of intestinal and skin tumorigenesis in vivo [12]
Production of cellular lactate Tar that can targets TrxR1 and inhibits PKM2 activity [28]
SK could dramatically alter exosomal protein content and numerous pro-tumorigenic growth factors and cytokines [29]
It induces apoptosis by activatingCaspase-3, -7, and -9 [3,30]
Inhibition of tumor growth by targeting pre adipocyte signaling pathway [29]
Shikonin and its analogs can inhibit PKM2 and cancer cell glycolysis. [23]
It causes cell-cycle arrest in G1 phase and induce apoptosis by regulating the EGFR-NF-jB signaling pathway in A431 cells. [5,31]
Shikonin can increase NK cell tumor infiltration and NK cell-mediated antitumor activity. [32]
Inhibition of the expression of SIRT1 MDR1/P-gp and reverse MDR of R-HepG2 and then exert antitumor effect. [33]
shikonin activated a pro-apoptotic pathway through up-regulation of p73 and tumor suppressor gene and down regulation of the [34]

epigenetic factor ICBP90, DNMT1 expression.

shikonin decreases tamoxifen resistance by inducing uc.57 in MCF-7R breast cancer cells that inhibits PI3K/Akt and MAPK signaling [35]
pathways through down regulating BCL11A
Shikonin inhibits the growth of MCF-7, SK-BR-3 and MDA-MB-231 [5]

Treatment with SK analogues suppressed matrix metalloproteinase-9 (MMP-9) activity and inhibited the migration and invasion of [36,37]

MDA-MB-231 cells.

Shikonin reduced serum estrogen and progesterone and cause dath in a MCF- 7 human breast cancer cell xenograft model with no [38]

drug resistance.

Shikonin induced p38-dependent apoptosis in 4T1 and MDA-MB-231 cells [3]

SK induces antitumor effects by Inducing osteosarcoma necrosis and promoting apoptosis of osteosarcoma cells. [39]

6.0. Rationality of using Shikonin and future potential of drug designing

Now a days the conventional treatment approaches for breast cancer are being intermittent by various number of disablements, among those toxicity is
the main which accompanied by drug resistance. A number of adverse effects in patients that are inevitable are creating by chemotherapy or radiotherapy.
Due to drug resistance, the responses of these therapies become poor. In this case natural compounds named shikonin (SHK) is a natural naphthoquinone
pigment isolated from the root of Lithospermum erythrorhizon, can be blessings, in view of the fact that they can show synergistic action with many
chemotherapeutics and can induce the efficacy of them. A number of mechanism are reported to have a very positive outcome if taken with other medicines
in breast cancer. Chemotherapy is the most widespread and most imperative treatment strategy for different types of cancer such as breast cancer; however,
the main problem of this strategy is the failure of chemotherapy due to chemo resistance [40]. This types of resistance can be achieved by the activity of
ATP-binding cassette (ABC) transporters which pump anticancer drugs out of the cells. Hence many researchers are trying to find out natural compounds
which can act against multidrug resistance. f-elemene is a natural compound which acting on MDR in human breast carcinoma MCF-7 and doxorubicin-
resistant MCF-7 cells and can be a very promising agent for facing the problem of multidrug resistance [41]. So more research works on nature derived
chemicals are necessary to find out their pathway and their possible role on acting against MDR.

A number of natural compounds are investigated and some of them showed satisfactory results. Shikonin can reverse the drug resistance induced by
chemotherapy, and inhibits angiogenesis [25]. The most destructive subtype of breast cancer is triple negative breast cancer (TNBC) and its treatment
options are very limited because of the limitation of a therapeutic target. Therefore, many scientists are now trying to find out novel targets as well as
alternative treatments for TNBC. A large number of natural compounds are investigated and some of them showed satisfactory results, shikonin is one of
them which induce cell cycle arrest in the triple negative breast cancer cell line [24]. In a recent work, shikonin, a naturally occurring compound is reported
to cause cell cycle arrest in the G1 phase through up-regulation of p53 and down regulation of cdk 4 and also found to increase ROS-dependent apoptosis
in triple-negative human breast cancer cells. This proves that shikonin can be used for designing a medicine for TNBC. In this review, some activity of
shikonin is highlighted which are potent to modify any mechanism related to breast cancer. Nevertheless, it can act in more than one mechanism. As a
result, can show greater degree of efficacy. Again we can say shikonin can show synergistic activity or they can work against multidrug resistance. By
considering all these factors, it can be said that shikonin can play a very promising role in treatment and prevention of breast cancer in near future if more
deep studies are conducted.

4.0. Conclusion

Modern science has gone a long way in demonstrating that the medicinal properties attributed by ancient folk traditions to the roots of L. erythrorhizon
and other species of the Boraginaceae family have a scientific basis, lending credence to the use of these medicinal plants as a valuable source of modern
drugs for breast cancer. In this sense, shikonin is being highlighted as a promising molecule due to all the beneficial effects that have been associated with
its use. There are multiple intervention points within the apoptotic machinery that have been identified to mediate the antitumor effects of shikonin,
depending on the specific agents. In fact, a molecule that is able to act simultaneously on various targets represents a great advantage in the treatment of
different stages of breast cancer. Still, uncertainties remain, since shikonin shows different effects depending on the dose tested. Future studies should thus
be developed to clarify and define not only the molecular targets for shikonin and some of its derivatives but also the clinical potential of these molecules,
as well as promotion of their development as chemopreventive agents and cancer therapeutics in the ongoing battle against breast cancer.
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