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Abstract

Background: Mummy (Iranian pure shilajit) is a remedy with possessing anti-inflammatory, 
antioxidant and anticancer activities. This study aimed to examine mummy effects on epitheli-
al-mesenchymal transition (EMT) and invasiveness of MCF-7 and MDA-MB-231 breast cancer 
(BC) cell lines with underlying its mechanism. Materials and Methods: The dose-dependent 
inhibitory effect of the mummy on cell proliferation in vitro was determined using the MTT as-
say.  Flow cytometry and 4’,6-diamidino-2-phenylindole dihydrochloride staining were respec-
tively used for quantitative and qualitative analysis of cellular apoptosis, and gene expression 
analysis was conducted using real-time PCR. Results: MDA-MB-231 showed more sensitivity 
than the MCF-7 cell line to the anticancer activity of mummy, while mummy did not exhibit 
significant cell cytotoxicity against human normal cells (MCF-10A). The gene expression pro-
file demonstrated a significant decrease in TGF-β1, TGF-βR1, TWIST1, NOTCH1, CTNNB1, 
SRC along with an increase in E-cadherin mRNA levels in mummy treated cells compared to 
the untreated control group (P≤0.05). Conclusion: Mummy triggers inhibition of EMT and 
metastasis in breast cancer cells mainly through the downregulation of TGFβ1 activity, and 
more studies required to find its specific anticancer activity with details. [GMJ.2020;9:e1812]
DOI:10.31661/gmj.v9i0.1812
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Introduction

Breast cancer (BC) is the predominant 
life-threatening cancer among females world-
wide [1, 2]. Despite remarkable progress in the 

development of chemotherapeutic anticancer 
drugs, cancer death rates on to rising [3, 4]. 
In advanced BC, chemotherapy has been the 
only mainstay treatment [5] hence the molec-
ular mechanism of BC must be discovered 
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and new potential anticancer drugs should 
be administered. Traditional Medicine (TM) 
has been used as a  promising complemen-
tary strategy for serious disorders including 
cancer [6-8] and mummy (commonly known 
as Shilajit) has long been used in TM as a 
blackish-brown herbal compound [9]. Based 
on our ancestors documents, the mummy has 
been used for the treatment of all kind of can-
cers and we find this issue in old handwritten 
book “Tohfeh” and the mentioned document 
is presented in Figure-1. According to previ-
ous reports, the efficacy of mummy associated 
with humic and fulvic acids, which are essen-
tial for its biochemical functions  that these 
compounds represented to be very effective in 
decreasing inflammation, pain, arthritis, ulcer, 

diabetes, stress, anxiety, and the most impor-
tantly inducing the cell apoptosis in many can-
cers. Mummy, as a water-soluble non-toxic 
and inexpensive compound, can be consumed 
as a part of the daily diet [10] thus, further 
studies required to investigate the therapeutic 
effects of mummy and its active constituents 
as suitable candidates for chemotherapy. Al-
though some reports have indicated the anti-
cancer effects of the mummy in cancer types 
including BC [10-12], however, the certain 
effects and cell signaling pathways related to 
its anticancer activity against BC cells are not 
fully identified. Therefore, this study aimed 
to determine the roles of the mummy in con-
trolling the epithelial-mesenchymal transition 
(EMT), and induction of apoptosis in MCF-

Figure 1. The ancestor document that represents the mummy therapeutic effects on cancer treatment. (A) represents the old handwritten 
book named Tohfeh, and panels (B) and (C) illustrate the text in the Tohfeh book that shows the mummy and cancer meaning into the red 
box, respectively. 

Figure-1 documents translation

The nature of the mummy is something like bitumen coming out of the crevices of some of the mountains, most prominently in the Darab Mountains 
of the Fars province in Iran and later in the Mountains of Estahban and Kohgiluyeh in Iran.
There are many drugs in the history of pharmacology that are classified into three categories as herbal, animal, and mineral.
One of the types of mineral medicines widely used by physicians from the ancient to the late middle ages to treat various diseases is “mummy”.
In the first century AD, Dioscorides found medicinal mummies from the coast of Apollonia useful for epilepsy and inflammatory and sciatica diseases 
(Al-Hashayesh of Dioscorides, p.173).
Claudius Galenus also found mummies to be useful in skin diseases.
In al-Nabat’s book of Dinavari and Ferdows al-Hikmah of Tabari, p.333 and p.405 respectively, mummies are useful for the treatment of fractures 
and wound healing.
Razi, a famous Persian physician, wrote an independent book on the mummy subject and repeatedly used mummies to treat his patients. He had 
prescribed mummies for trauma, pain relief, fractures, injuries, headaches, tonic, brain tonic, earache, asthma, spleen pain and pediatric seizures (The 
medical treatises of Razi Pages 6 to 12, al-Hawi p. 82, al-Mansouri al-teb, p.177)
In the tenth century, Ahwazi in the book of Kamel al-Sana’e considered mummy to be beneficial for cold headache, hemoptysis, asthma, and with-
drawal of the dead fetus (Vol. 3, p. 206).
Avicenna, a famous Persian physician, in his famous book, Qanoon found mummies very effective in brain tonic, fertility, and many other diseases. 
(Vol. 2, p. 17)
In the 12th century, a Persian book called Zakhire Khwarazmshahi was written by Jorjani, a renowned Persian physician, who found mummies to be 
very useful for inflammation, ulcers, urinary problems, and prostates (p. 624, p. 815, p. 818).
Ibn Nafis, known in the thirteenth century for his discovery of blood circulation, considered mummies to be beneficial for cancers. A book by al-Ad-
awiyah, written by Aghili Khorasani in the 16th century, one of the most famous books on pharmacology in Persian medicine, mentioned the treatment 
of various types of tumors, both benign and malignant, by mummies.
In the 14th-century, in the book of Hakim Momen, mummies are useful for kidney stones and bladder, amenorrhea, and cataract treatment. The use 
of mummies to the bite of insects, snakes, and scorpions, sciatica pain, benign and malignant tumors have also been found useful. Mummy is even 
recommended for the treatment of some skin diseases such as psoriasis.
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7 and MDA-MB-231 cancerous cells and to 
ascertain the potential molecular mechanisms 
involved in BC. Overall, EMT has been rec-
ognized as a key process of cellular remod-
eling during embryogenesis (Type 1 EMT), 
regeneration of tissue and fibrosis program 
(Type 2 EMT) and closely associated with re-
inforcing drug resistance, metastasis and can-
cer progression (Type 3 EMT) [13, 14]. EMT 
can be regulated through several growth fac-
tors and signaling pathways, including trans-
forming growth factor-β1 (TGF-β1), Hepato-
cyte growth factor  (HGF), fibroblast growth 
factor (FGF), Wnt and Notch pathways [15, 
16]. TGFβ1 is considered as a multifunction-
al cytokine since TGF-β1 has been reported 
as a master inducer of EMT in both physio-
logical such as fetal development, regulation 
of cell proliferation and differentiation, scar 
formation and fibrosis induction and patho-
logical situations such as angiogenesis migra-
tory phenotype and cancer progression (EMT 
type 3) [17]. One important aspect of TGF-β1 
function is its interaction with many factors, 
including EMT-associated transcriptional 
regulators, such as TWIST1 [18] and CTN-
NB1 [19], EMT markers like E-cadherin [20], 
other oncogenic signaling pathways such as 
NOTCH1 [21], and Smad-binding elements 
like SRC [22]. In consequence, understanding 
the crosstalk between the TGF-β1 signaling 
and these agents may provide deeper insight 
into the development of novel therapeutic 
strategies for inhibition TGF-β1-induced 
EMT and cancer therapy. This study aimed 
to exam the anti-cancer activity of mummy 
against non-metastatic BC cell line MCF-7 
and metastatic MDA-MB-231 cell line in vitro 
to provide groundbreaking for the treatment 
of BC by mummy. For evaluating mecha-
nisms involved in mummy anticancer effects, 
the expression of genes involved in EMT phe-
nomena such as TGF-β1, TGF-βR1, TWIST1, 
CTNNB1, NOTCH1, and SRC were assessed 
in MDA-MB-231 and MCF-7 BC cells.

Materials and Methods

Materials
Water-soluble pharmaceutical grade of the 
mummy was purchased from Tuba company 
(http://tuba18.ir/fa/, Tehran Iran, batch num-

ber; 92-0199-s) as traditional medicine prod-
uct and Figure-2 shows the product pharma-
ceutical packaging that illustrates the drug 
license from Iranian ministry of health and 
medical education. Roswell Park Memorial 
Institute (RPMI) 1640, trypsin and ethylene-
diaminetetraaceticacid (EDTA), 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazoli-
um-bromide (MTT) solution (Sigma-Aldrich, 
St. Louis, USA), phosphate-buffered saline 
(PBS), Fetal bovine serum (FBS), 4’,6-Di-
amidino-2-Phenylindole, Dihydrochloride 
(DAPI) were obtained from Sigma Co. (St. 
Louis, MO, USA). Annexin V-fluorescein 
isothiocyanate (FITC), propidium iodide (PI) 
were purchased from E-bioscience (eBiosci-
ence, San Diego, CA). Cinagene Kit (RNX-
Plus Solution, SinaClon, Iran), SYBR Green 
PCR master mix (Takara Bio Inc., Tokyo, 
Japan), and primers were obtained from 
Takapouzist  Co. (Tehran, Iran).  The MDA-
MB-231 and MCF-7 human breast cancer cell 
lines and MCF-10A normal mammary epithe-
lial cells were procured from National Cell 
Bank, (Pasteur Institute, Tehran, Iran).

MTT Assay  
All cancerous and normal cells with seeding 
density (104 cells/cm2) were cultured in RPMI 
medium supplemented with 10 % FBS and in-
cubated at 37 °C in 5% CO2. The overnight 
cultured cells medium were replaced with 
fresh media containing 10, 20, 30, 40, 50, 60, 
70, 80, 90 and 100 µg/ml mummy as treated 

Figure 2. The pharmaceutical grade of Iranian mummy used for 
performing this research, batch number; 92-0199-s

http://tuba18.ir/fa/


4 GMJ.2020;9:e1812
www.gmj.ir

Rahmani Barouji S, et al. Mummy Anticancer Effect Mummy Anticancer Effect Rahmani Barouji S, et al.

groups and untreated cells also cells treated 
with cisplatin were considered as negative 
and positive control groups, respectively. For 
MTT assay, the previous medium of cells 
was replaced with 200 μl fresh growth medi-
um containing 20 μl of MTT solution (2 mg/
ml) and incubated for 4 h at 37˚C. The MTT 
containing media was removed after 4 h then, 
200 μl of DMSO was added to each well for 
dissolving the formazan crystals, and the ab-
sorbance was measured at 570 nm using a mi-
croplate reader (Biotek, ELx 800, USA). 

The Apoptotic Assay Using DAPI Staining
The morphological assessment of apoptotic 
cells was characterized using a DAPI nucle-
ar staining method [23]. Cells at a density of 
4×105 (cells/well) were seeded in six-well 
culture plates. The over nightly cultured cells 
were treated with the mummy at IC50 concen-
tration for 24 h then cells were washed with 
PBS (5 ml) and were fixed using paraformal-
dehyde (4%) for 20 min. The cells were per-
meabilized using 0.1 % (w/v) Triton X- 100 
and were stained with DAPI stain solution 
(250 ng/ml for each well) for 15 min. Nucle-
ar morphology alteration was evaluated us-
ing fluorescent microscopy (Olympus BX64, 
Olympus, Japan).

Quantitative Apoptosis Assay Using Flow Cy-
tometry 
To determine the percentage of cell apopto-
sis and discrimination them from the necrot-
ic phase, cells were quantitatively analyzed 
by flow cytometry using the FITC-Annexin 
V apoptosis detection kit [24]. Briefly, cells 
(4×105 cells/well) were treated with the IC50 
concentration of mummy at 37°C for 24 h. 
Collected cells from each well were washed 
with PBS and then incubated with Annexin 
V-FITC and propidium iodide (PI) in binding 
buffer for 15 min at dark condition based on 
kit instruction. Stained cells were analyzed 
using flow cytometry using 150000 cells at 
a rate of 900 cells/s. Data analysis was con-
ducted using CELL Quest Pro software (BD 
Biosciences, San Jose, CA, USA) and quad-
rant settings were fixed with untreated, sin-
gle-stained controls and copied to dot plots of 
the treated cells. 

RNA Isolation, cDNA Synthesis, and RT-PCR
Total RNA was extracted from the cells using 
the Cinagene Kit (RNX-Plus Solution, Sina-
Clon, Iran) according to the manufacturer’s 
recommendations [25]. cDNA was produced 
by using a synthase kit (Qiagen) following 
the manufacturer’s data. Table-1 list of primer 

Table 1. The Primer Used for Quantitative Real-Time PCR
Objective Genes Primer Sequence

TGFβ1 Forward: 5′-TATCGACATGGAGCTGGTGA-3′
Reverse: 5′-CCTCCTTGGCGTAGTAGTCG-3′

TGFβR1 Forward: 5′-GATGGGCTCTGCTTTGTCTC-3′
Reverse: 5′-CAAGGCCAGGTGATGACTTT-3′

TWIST1 Forward: 5′-AGTCCGCAGTCTTACGAGGA-3′ 
Reverse: 5′-CCAGCTTGAGGGTCTGAATC-3′

E-cadherin Forward: 5′-GCGAACTGTTTGCAGAGG-3′ 
Reverse: 5′-CAGTGCGTGTCGTGGAGT-3′

CTNNB1 Forward: 5′-TCATGCGTTCTCCTCAGATG-3′ 
Reverse: 5′-AATCCACTGGTGAACCAAGC-3′

SRC Forward: 5′-GGCTACATCCCCAGCAACTA-3′ 
Reverse: 5′-TGAGAGGCAGTAGGCACCTT-3′

NOTCH1 Forward: 5′-TCACGCTGACGGAGTACAAG-3′ 
Reverse: 5′-CCACACTCGTTGACATCCTG-3′

GAPDH Forward: 5′-TGTGGGCATCAATGGATTTGG-3′ 
Reverse: 5′-ACACCATGTATTCCGGGTCAAT-3′
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sequences designed for amplifying intended 
genes. Each qPCR reactions were accom-
plished triplicate for all sample, containing 10 
μl SYBR Green PCR master mix, 1μl cDNA 
(1 μg/μl), 1 μl primer (forward and reverse) 
and 0.8 μl 6-carboxy-X-rhodamine (ROX as 
reference dye) using ABI-step I plus (Applied 
Biosystems, Forster City, CA, USA) instru-
ment and negative controls were included in 
each experiment.  The following cycling con-
dition was performed using a protocol: 40 cy-
cles at 95ºC for 20sec, annealing temperature 
for 35 sec, and at 72ºC for 10 sec. The quanti-
tative real-time PCR data were analyzed using 
2-δδCT values were normalized to the expression 
rate of GAPDH as a housekeeping gene. 

Statistical Analysis
Data were presented as the mean ± SD of three 
independent experiments. One-way ANOVA 
was performed to determine significant dif-
ferences among all examination groups. The 
statistical analysis was conducted by using 
the statistical package for the social sciences 
(SPSS Inc. Chicago, IL, USA version 16.0). 
P-value≤0.05 was considered a significant dif-
ference (Graph Pad V6.0 Software Inc., San 
Diego, CA, USA).

Results

Inhibitory Effect of the Mummy on Cell 
Growth 
To evaluated the in vitro anti-tumor effects 
of the mummy, we included a very metastat-
ic variant of BC cell-line, MDA-MB-231, 
low-metastatic cell line, MCF-7, and normal 
mammary epithelial cells, MCF10A. All three 
cell lines were incubated to various concen-
trations of mummy and cell viability was de-
tected by MTT assays. The IC50 values for 
mummy treated MCF-7 and MDA-MB-231 
were obtained 40±0.8µg/ml and 31.3±0.4 µg/
ml, respectively, while the IC50 of MCF10A 
cells was 89.66±1.2 µg/ml that indicate re-
sistance to cell death by mummy compared 
to cancerous cells. As shown in Figure-3, a 
dose-dependent cell-growth inhibition was 
observed in mummy-treated MCF-7 and 
MDA-MB-231 cells. Besides, the inhibitory 
effect of the mummy at the same dose on cell 
growth of MCF7, MDA-MB-231, and  MC-
F10A normal cells was increased by an in-
crease in the incubation time (Figure-3). 

Effect of the Mummy on the Apoptosis 
To determine whether cultured BC cells un-

Figure 3. Cytotoxicity effect of various concentrations of the mummy in human breast cancer and normal cell lines.
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dergo apoptosis, untreated or mummy-treated 
MCF-7, and MDA-MB-231 cells were ana-
lyzed with Annexin-V and PI. Mummy- treat-
ed MDA-MB-231 and MCF-7 cells showed 
1.4-fold and 1.6-fold higher the percentage of 
apoptosis than the cisplatin-treated group, re-
spectively. Taken together, the percentage of 
apoptotic cells increased in mummy-treated 
MDA-MB-231 compared to mummy-treat-
ed MCF-7cells (67.3±2.17 vs. 59.83±1.57%, 
n=3, P≤0.05, Figure-4) by showing less than 
10% of the population with necrotic signs 
in both of cell lines. In the mummy-treated 
MCF-10A group, the cell viability was only 
decreased from 95.1% to 82.53, indicating the 
mummy inhibition efficiency on the growth of 
BC cells with low cytotoxic effects on normal 
breast cells. To qualify the cell death mediat-
ed by apoptosis or necrosis, the DAPI staining 
method was used to assess the morphology of 

cell nuclei in untreated control or treated cells. 
DAPI staining confirmed our result of quan-
titative apoptosis analysis where the maxi-
mum rate of cell death (nuclear deformation 
and loss of cell wall integrity) was in the cells 
treated with mummy in MDA-MB-231 cancer 
cells (Figure-5 I).

Expression Analysis of Genes Involved in 
EMT
To explore the possible molecular mechanism 
underlying the effects of mummy against BC 
cells, the expression of the important gene 
(TGF-β1) was evaluated in the EMT pathway 
through real-time PCR (Figure-6). As shown 
in Figure-6A, the expression ratio of TGF-β1 
in all untreated groups was significantly 
higher in MDA-MB-231 as well as MCF-
7 than the MCF10A cells. Mummy treated 
MDA-MB-231 and MCF-7 cells showed a 

Figure 4. Flow cytometry analysis of untreated (control) and treated tumor and normal cell lines. 4 distinct phenotypes:  Q1 (FITC/PI -/+; 
Q1) as necrotic cells; Q2 (FITC/PI +/+; Q2) as late apoptosis cells; Q3 (FITC/PI +/-) as early apoptotic cells and Q4 (FITC/PI -/-) as viable 
cells.
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significant decrease in TGFβ-1 expression 
compared to their related control groups 
while no significant change was observed in 
mummy treated MCF-10A cells as compared 
to its related untreated control group. Using 
the mummy caused a significant decrease in 
TGFBR1 mRNA expression level in both BC 
cells (P≤0.05). To more thoroughly verify the 
effect of the mummy on EMT, we focused 
on the EMT nuclear transcription factors 
TWIST1 and CTNNB1 and epithelial markers 
(E-cadherin). Based on our findings, mum-
my decreased the mRNA expression level of 
TWIST1 and CTNNB1 in MCF-7 and MDA-
MB-231 cells (Figure-6C and 6D), while it 
increased mRNA expression levels of E-cad-
herin (Figure-6E). The decreased expression 
level of NOTCH1 and SRC genes, EMT in-
ducing and cell invasion promoting genes in 
BC was also observed in both BC mummy 
treated cell lines (Figure-6F and 6G). Based 
on this study findings, the mummy was able 
to reverse the EMT process and induces apop-

Figure 5. DAPI staining of nuclear morphological changes induced by mummy in breast cancer and normal cell lines.

tosis in BC cells, where these processes were 
not observed in MCF10A breast normal cells.

Discussion

Since metastasis is still an important obstacle 
in the BC, various chemotherapeutics have 
been used for BC therapy to improve the sur-
vival rate and control of tumor growth in BC 
patients. TM has been used for cancer study 
and numerous traditional herbal remedies 
have been revealed to prevention and cancer 
chemotherapy [26]. Among them, mummy is 
one of the medicinal compounds used tradi-
tionally in cancer cures. The reduction of can-
cerous cell proliferation and the induction of 
cancerous cell apoptosis is the main therapeu-
tic strategies in cancer treatment [27]. Based 
on previous studies reports, mummy possess-
es the capability for inducing apoptosis as 
well as suppress proliferation in several kinds 
of cancerous cells [28, 29]. This study finding 
disclosed the effect of different concentrations 
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of mummy on cell growth of BC MCF-7 and 
MDA-MB-231 cells was evaluated using an 
MTT assay. Our finding illustrated that mum-
my inhibited BC cell viability, and the rate of 
mummy‑induced cellular proliferation inhibi-
tion dramatically increased even at low con-
centration (0.01 mg/ml) (P<0.05). Following 
the staining of the cells with Annexin V‑FITC 
and PI, cell apoptosis was examined by using 
flow cytometry. Data revealed that mummy 
enhanced the percentage of BC cell apopto-
sis. Additionally, DAPI staining demonstrated 
that mummy could increase the apoptosis of 
MCF-7/MDA-MB-231 BC cells. By consid-
ering defects in apoptotic signaling contri-
bution in many malignant tumors [30], the 
anti-cancer activity of mummy through in-
ducing apoptosis in cancerous cells with low-
er impacts on normal cells can be raised its 
main important role at least in breast cancer 
therapy. Types of BC cell lines with varying 
degrees of differentiation and invasiveness 
have been obtained from clinical patients, 
and some of them show EMT characteristics, 
which are down-regulation of epithelial bio-
markers and up-regulation of mesenchymal 
biomarkers. For instance, the MDA-MB-231 
cell line has been shown the decreased ex-
pression of E-cadherin and more invasiveness 
than the MDA-MB-468 cell line [31]. Based 
on our findings, both BC cell lines (especial-
ly MDA-MB-231) expressed high levels of 
genes involved in the EMT process thus we 
hypothesized the mummy anticancer activity 
in previous studies [10, 32], may be related to 

down-regulation of these genes and reversing 
of EMT in BC. This study is the first to inves-
tigate the apoptotic and anti-Metastatic effect 
of mummy on BC cells by suppressing EMT 
in vitro. Previous studies obtained evidence 
that in BC patients, aberrant TGF-β1 expres-
sion was correlated with worse survival [33]. 
Overexpression of TGF-β1 has an aggressive 
phenotype, including promoting cell prolifera-
tion, invasion, and stem cell properties, which 
suggested that TGF-β1 might be a potential 
marker for cancer diagnosis and therapy. For 
example, Vitiello GA showed that TGF-β1 
signaling plays an important role in the EMT 
process and has been reported to stimulate 
BC cells to undergo EMT [34]. Since changes 
in EMT are often accompanied by increased 
expression of TGF-β1 [35], the TGF-β1 lev-
el determined after mummy treatment and it 
is found that mummy also effectively inhib-
ited the expression of TGF-β1 in MCF-7/
MDA-MB-231cells (P≤0.05). Furthermore, 
Castillejo et al reported that the suppression 
or overexpression of TGF-β1 signaling leads 
to disruptions in TGF-βR1 or TGF-βR2 which 
are related to increased cancer risk  [36]. Sim-
ilarly, we observed a differential expression 
level of TGF-βR1 among diverse BC cells 
apart from MCF10A. The expression of TGF-
βR1 are usually down-regulated following 
down-regulation of TGF-β1, this relation-
ship is also observed in this study. Various 
in vivo and in vitro studies have discovered 
that TGF-β1 contributes to BC initiation and 
development through the activation of tran-

Figure 6. Effects of the mummy on the mRNA expression pattern of TGFβ-1, TGF-βR1, TWIST1, CTNNB1, NOTCH1, SRC, and 
E-cadherin genes in MCF-7, MDA-MB-231, and MCF10A cell lines. All data were normalized with GAPDH as reference genes. *P≤0.05, 
**P≤0.01.

Mummy Anticancer Effect Rahmani Barouji S, et al.
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scription factors such as TWIST which play 
important roles in the EMT process [37, 38]. 
Of note, The induction of TWIST1 mRNA 
during EMT may be reversed by the inhibi-
tion of TGF-β1 signaling [39]. More recently, 
few studies revealed the direct and indirect 
role of TWIST1 in the inhibition of a tumor 
suppressor E-cadherin [40]. It is well known 
that inhibition of E-Cadherin will cause an ac-
cumulation of CTNNB1 within cells leading 
to nuclear translocation where the abnormal 
accumulation of CTNNB1 is significantly as-
sociated with many cancers [41]. The results 
agreed with our expectations that a decrease 
in TWIST1 expression in mummy treated 
metastatic and non-metastatic BC cells lead 
to a reduction of CTNNB1 and induction of 
E-cadherin. However, the efficacy of mummy 
to down-regulate the expression of TWIST1 
independent of TGF-β1 cannot be neglect-
ed. Zhang H et al found that Src, a molecule 
associated with EMT, mediates many of the 
processes involved in the ability to invade and 
disseminate of the tumor cells [42], which 
activated TGF-β1 [43]. This study results 
reviled the decrease Src expression in mum-
my treated BC cells may be dependent on 
decreasing TGF-β1 or directly by mummy. 
Besides, NOTCH1 is highly expressed in BC 
cells in clinical and experimental models [43, 
44] thus to more thoroughly verify the effect 
of the mummy on EMT, an investigation of 
the NOTCH1 expression levels is performed. 
The inhibitory effect on NOTCH1 gene ex-
pression in BC cells treated with mummy was 
also observed in both MCF-7/MDA-MB-231 
BC cell lines. By considering TGF-β axis 
dysregulation as a conserved driver of EMT 
phenotype in several models of BC, this study 
suggested that TGF-β1 might be an upstream 
factor regulating EMT and thereby plays an 
important role in EMT mesenchymal pheno-
type. Upon this study’s findings, mummy as a 
traditional remedy has shown proliferation in-
hibition effects on breast cancer cell lines and 
without significant negative effects on normal 
epithelial cells. One of the mechanisms for 
anticancer effects of the mummy is related to 
its antiproliferative activity thus we proposed 
the investigation of effects of mummy on 

the different anticancer pathways such as the 
down-regulation of ErbB family genes.
  
Conclusion 

Mummy has profound activity against MCF-
7 and MDA-MB-231 BC cell lines but at the 
same concentration, mummy only caused a 
little damage to normal cells (MCF-10A cell). 
This study collective data suggest that mum-
my inhibits cell growth of MCF-7 and MDA-
MB-231 BC cells through inhibition EMT and 
induction apoptosis. However, we cannot rule 
out the possibility that mummy may also act 
through other mechanisms to inhibit EMT, 
and metastasis in BC cells. Our findings are 
based on in vitro study and clinical use of 
this substance needs further research in vivo 
is necessary to clarify the specific anti-can-
cer mechanism of the mummy, which could 
contribute to the development of novel mum-
my‑related drugs.
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