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Abstract

Background and aims: Although some preclinical and clinical studies have extensively confirmed the pharmacological effects of the
hydroalcoholic extract (HE) of Physalis alkekengi on several diseases, little is known about the effects of P. alkekengi HE (PAHE) on breast
cancer. Therefore, this study aimed to investigate the therapeutic effect of PAHE on estrogen receptor+ breast cancer.

Methods: To this end, tumors were created in mice by injecting MC4L2 cells into the sternum of the mice. Then, the animals were gavaged
for 16 days at 10, 50, and 100 mg/kg daily of PAHE. In addition, the tumor growth and body weight of the mice were measured on the
16™ day, and they were killed on 21* day. Finally, their tumor tissues were removed and the apoptotic cell tissue and expression of the
ATG-5 gene were studied as well. The experiments were repeated three times, and the data were analyzed using SPSS software (P<0.001
and P<0.05).

Results: The average body weight of the control group significantly decreased 16 days after tumor establishment (P<0.001). Further, the
PAHE inhibited the growth of the breast cancer tumor in higher doses (50 & 100 mg/kg, P<0.001). Based on the results, a significant
histopathological alteration was found in the breast tumors of the PAHE-treated groups compared with the control group, including the
decreased level of mitotic cells the intensive level of necrotic cells and lymphocyte infiltration into the breast tumors bearing mice 21 days
after PAHE administration (P=0.012). Eventually, PAHE significantly increased the mRNA level of the expression of the autophagy ATG-5
specific gene in the effective dosage-treated group (50 mg/kg, P=0.037).

Conclusion: The evidence suggests that the PAHE has a suitable efficacy for the treatment of ER+ breast cancer by promoting autophagy

mechanisms into these tumor types.
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Introduction
Breast cancer is one of the most common malignancies
affecting women worldwide and the second leading cause
of cancer mortality in females. In most cases, this neoplasm
has an uncontrolled growth of mammary cells originating
from the inner lining of milk ducts or the lobules as a
consequence of mutations in the genes that are responsible
for adjusting the cell development. Nevertheless, from
the genetic and histopathological perspectives, the
underlying mechanisms of breast cancer growth remain
mainly unknown. Furthermore, the majority of them are
estrogen-dependent diseases with augmenting morbidity
and mortality rates (1-3).

Nowadays, procedures  containing  mastectomy,
radiotherapy, chemotherapy, monoclonal antibodies,

endocrine therapies, and herbal medicine have been

introduced as therapeutic strategies for breast cancer.
Nonetheless, no reliable and definitive cure has been
established despite the notable scientific and technological
improvement in its treatment and management. Therefore,
in recent years of cancer research, the exploration of novel
and efficient anticancer medications has permanently been
a focal point (4-8).

Based on various hypotheses, promoting cellular death
mechanisms on malignant tumor cells is a crucial target
for increasing the effectiveness of cancer therapeutic
approaches. In this case, autophagy cell death has a
direct vital role in achieving this goal (9,10). Nowadays,
several anticancer autophagy mediator drugs have been
successfully developed and trailed on several types of
cancers. Phosphoinositide 3-kinase class III inhibitors
including wortmannin/LY29002 and 3MA (11),
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along with vacuolar-type H*-ATPase inhibitors such
as bafilomycin Al and concanamycin A (12) can be
considered as the brilliant samples of anticancer autophagy
mediator drugs. Most autophagy mediators target and
promote the cell death mechanism through activating the
intracellular hydrolysis process that is related to lysosomes
(11,12).

Moreover, medicinal herbals have generally been
utilized for various diseases (e.g., cancer) as organic and
safe drugs although they may cause damage due to their
undesirable side effects. Accordingly, studying the effects
of different doses of these remedies would have an effective
role in recognizing their safety profile (13-15). Recently,
the aqueous extract of winter cherry fruits (Physalis
alkekengi, family Solanaceae) has been utilized as an herbal
medicine with antioxidant activity and therapeutic effects
in Iranian traditional medicine. Additionally, modern
medical features have revealed that P alkekengi is valid on
the immunity system, cancer, enzymes, and sexual and
reproductive hormones (16,17). Accordingly, the present
study investigated the therapeutic effects of P alkekengi
hydroalcoholic extract (PAHE) on the mice models of
estrogen receptor (ER)-positive breast cancer and then
explored the autophagy mediating potential of this extract
on the ER" class of breast tumors.

Materials and Methods

Cell culture

The cell line (MC4-12) of the breast (adenocarcinoma,
mouse) was obtained from the Iranian Biological Resource
Center. In addition, DMEM/F-12 was used as the culture,
along with the HEPES buffer (15 mM), l-glutamine,
penicillin (100 pg/mL), streptomycin (100 pug/mL), 10%
fetal bovine serum (Gibco BRL, Life Technologies), and
medroxyprogesterone acetate (10 nM, Sigma Chemicals,
Ontario, Canada). The cells were grown at 37°C in a

humidified atmosphere with 5% CO, (18,19).

Animals

Twenty- eight inbred female BALB/c mice (6-8 weeks
old) were purchased from the Pasteur Institute of Iran
(Iran, Tehran) and were maintained at 12 hours of the
lighting cycle, excellent and free nutrition, and enough
water conditions. The study was performed according to
the instructions given by the IACUC of Tehran University

of Medical Sciences.

Tumorigenicity

MC4-12 cells were trypsinized and re-suspended in the
10-fold excess culture medium. Finally, 1 x 106 prepared
cells were injected into the animal right inguinal flank

(19).

Preparation of PAHE
The protocol was performed according to Gharib’s study

(20). Further, PAHE was obtained from local herbalists,
identified as previously mentioned, and further confirmed
by the Research Center of the Agriculture School of Shiraz
University. The fruits were cleaned and washed with
ionized water. Then, they were dried (70°C), powdered,
and extracted by the percolation method (21).

Experimental animals

Twenty-eight ER* breast cancer BALB/c mice models were

divided into four different groups (7 mice in each group).

The mice were treated with the PAHE for 16 days and

then killed after 21 days. A part of the removed tumor

tissue was used for histopathological tests, and part of it
was used to perform molecular tests as follows:

I.  Keeping the control group including untreated ER*
breast cancer animal models without any extract for
16 days;

II.  Including untreated ER* breast cancer, animal models
received 10 mg of PAHE (per kg b.w. in 1 mL) for 16
days;

III. Including untreated ER* breast cancer, animal models
received 50 mg of the PAHE (per kg b.w. in 1 mL)
for 16 days;

IV. Including untreated ER* breast cancer, animal models
received 100 mg of the PAHE (per kg b.w. in 1 mL)
for 16 days.

Body weight and tumor size measurement
Using a Vernier caliper (Mitutoyo, Japan), the animal
weight and tumor volume were monitored continuously

and weekly (22,23).
e V=1/6xLWD
e L =Length
e W =Width
e D =Depth.

Hematoxylin and eosin (H & E) staining

To avoid the PAHE response, the mice were euthanized
five days after the last extract administration and were
finally euthanized using cervical dislocation. In addition,
tumor tissues were fixed in formaldehyde (10%) and then
passaged and embedded in paraffin. Next, paraffin blocks
were sectioned (3 pm) and stained with HE. Eventually,
sections were detected by a belayed histopathologist

(24,25).

RNA extraction and the real-time polymerase chain
reaction

The quantitative expression of the ATG-5 gene was
evaluated by the real-time polymerase chain reaction (RT-
PCR) method within specific primers (25,26). To this end,
the total RNA was extracted from the ER* breast tumors
of the mice using a TRIzol® reagent (Life Technologies) kit
according to the manufacturer’s instructions, and then the

DNasel digestion (Thermo Fisher Scientific, Waltham, MA,
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USA) treatment was performed to remove any probably
contaminating DNA. Furthermore, the concentration
and quality of the extracted RNA were assayed by the
UV absorbance at 260 and 280 nm (A260/280 ratio) and
investigated by vertical electrophoresis. Next, cDNA from
the extracted RNAs was synthesized by administering
the Prime Script™ RT reagent kit (Fermentas, Germany).
Finally, the RT-PCR was performed in triplicate using the
SYBR® Premix Ex Taq™ II (Takara) in 40 cycles at 95°C
for 30 seconds, followed by 40 cycles at 95°C and 60°C
for 5 and 30 seconds, respectively. The relative expressions
of the ATG-5 gene were calculated using the comparative
cycle threshold (2-44“T) method with glyceraldehyde
3-phosphate dehydrogenase (GAPDH) as the endogenous
control (the housekeeping gene) in order to check the data.
The sequences of the primers for ATG-5 and GAPDH
genes are indicated in Table 1.

Statistical analysis

The obtained data were analyzed by Tukey and Kruskal-
Wallis tests using SPSS software (version 22), and P values
less than 0.001 and 0.05 were considered statistically
significant (27).

Results

Animal weight

Figure 1 displays the weight changes of animals that were
treated with the PAHE. The results vigorously confirmed
the beneficial effects of PAHE on animal weight. In this
regard, no significant changes in mice weight were observed
in the PAHE groups. In contrast, the average weight of the
control group significantly reduced (P<0.001) 16 days
after study initiation.

Analysis of tumor size

The effects of the PAHE on the tumor progression and
development of the animals are depicted in Figure 2. In
the treatment groups, the tumor size among different doses
of PAHE close to 0.6 mm was in the greatest dimension
with the dosage of 10 mg/kg after 16 days. The smallest
detectable size of the malignant lesion was close to 0.3 mm
in diameter for the dosage of 50 mg/kg. Furthermore, the
histologic size of the untreated mice in the control group
was larger than 0.7 mm. Therefore, the average tumor size
was significantly less in the drug receiving group compared

Table 1. The sequence of ATG-5 and GAPDH primers

Primers Sequence

ATG 5-F 5°-TTTGCATCACCTCTGCTTTC-3"

ATG 5-R 5- TAGGCCAAAGGTTTCAGCTT-3"
GAPDH-F 5 - GAA GGT GAA GGT CGG AGT CA-3
GAPDH-R 5 -TTG AGG TCA ATG AAG GGG TC-3

Note. ATG-5: Autophagy-related gene-5; GAPDH: Glyceraldehyde
3-phosphate dehydrogenase.
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Figure 1. PAHE effects on body weight (g) in the animal model of
ER+ breast cancer.

Note. PAHE: Physalis alkekengi hydroalcoholic extract; ER:
Estrogen receptor. The weight of all animals was measured every
four days after starting extract administration. According to the
data, no sensible losing weight was observed in all dosage-treated
(i.e., 10, 50, and 100 mg/kg) groups. However, the average body
weight of the control group significantly decreased 16 days after
tumor establishment. The reported data are (P<0.001) significant
compared to the control group.
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Figure 2. PAHE effects on the tumor size (mm?®) in the animal model
of ER* breast cancer

Note. PAHE: Physalis alkekengi hydroalcoholic extract; ER: Estrogen
receptor. PAHE (i.e., 10, 50, and 100 mg/kg) was given after tumor
establishment until day 16. The control group was studied using any
administration. The tumor volume was measured every four days by
a digital vernier caliper and using V=1/6 (n LWD) where L=length,
W=width, and D=depth. According to the observation, the average
tumor volume was significantly less than that of the control group
eighth, twelve, and sixteen days after PAHE administration to
groups treated with 50 and 100 mg/kg doses. The reported data are
compared to the control group (P<0.001).

to the control group. Based on the results, statistically
significant differences were found between the compared
groups with regard to the tumor size (2<0.001).

Histopathological index

The highest diagnostic accuracy of the histopathological
lesions of the tumor (Figure 3) was achieved using an
independent pathologist for each subject, which is listed in
Table 2. Histopathologically, breast tumors in the control
group were compared with those in the groups treated with
PAHE after 21 days. Based on the findings, neoplastic cells
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Table 2. Macroscopic and histological indices in the breast cancer tissue following treatment by hematoxylin and eosin staining by Kruskal-Wallis analysis

Dose Rank
Indices P value IQR
0 10 50 100
Hyperchromatic nucleus 11.00 6.50 6.50 2.00 0.01173 1.5
Mitotic figures 11 8 3.5 3.5 0.01173 1.75
Hyperemia and bleeding 2 5 9.5 9.5 0.01174 1.75
Pleomorphism of tumor cells 11 8 5 2 0.01173 2.5
Apoptotic cells 2 6.5 6.5 11 0.01172 1
Necrotic cells 2 6.5 6.5 11 0.01172 2.25

Note. IQR: Interquartile range. A statistically significant difference was observed based on the results between different doses of the extract (P=0.012).

within tissue lesions in these tumors often had increased
mitotic rates (were frequently in mitosis), greater nuclear
pleomorphism or abundant polygonal, and/or highly
pleiomorphic cells, prominent nucleoli, hyperchromatic
nuclei, and loss of tubular morphology.

Additionally, cells were significantly arranged with
necrosis and hemorrhage or the congestion patterns
of variable degrees in some cases and ranged from
multinucleated giant cells with higher lymphocyrtes,
plasma cells (lymphoplasmacytic infiltration), and rare
neutrophils (the accumulations of mixed inflammatory
cells) in some areas. Generally, histopathological alterations
in the breasts were higher at doses of 50 and 100 mg/kg
(Table 2).

Analysis of gene expression by RI"-PCR

Figure 4 displays the relative expression of the ATG-5
gene of mice breast tumors. Based on the assessments,
a significant up-regulation was observed (a 1.82-fold
change) in the ATG-5 gene, as one of the central autophagy
genes, in the ER* breast tumor tissues of mice following
treatment with the PAHE compared to the control group
(P=0.037).

Discussion

Nowadays, cancer treatment is considered a serious
challenge for everyone worldwide. Although multiple
hypotheses have been proposed for its association, there is
no explicit concept in this respect. Accordingly, the present
study compared the performance of histopathology
investigation in evaluating breast cancer lesions on
various dosages of P alkekengi. The result demonstrated
the potential and important role of the histopathology
technique in the types of groups undergoing the treatment
effect of P alkekengi and confirmed that the diagnostic
performance between the four groups (10, 50, and 100
mg/kg and control) was significantly different. To the
best of our knowledge, no study has so far evaluated the
effects of PAHE on breast tumors in mice. Nonetheless,
recent studies have focused on the alternative species of the
family Solanaceae and shown that the dichloromethane
extract of Physalis pubescens L. has the properties of cancer-
prevention due to the extracted natural compounds from

P pubescens L. that possess anticancer activities (28,29).
Moreover, most medicinal herbals have antioxidant
activities due to phenolic compounds with anticancer
properties (30). In the present study, P alkekengi as an
anticancer compound could elevate the levels of the ATG-
5 gene expression with significant differences (2<0.001)

Figure 3. Breast tumor hematoxylin and eosin staining (x400).
Note. PAHE: Physalis alkekengi hydroalcoholic extract. (A) Breast
tumor in the high clear mitotic body in the control group; (B) and (C)
Decreased level of mitotic cells the intensive level of necrotic cells
and lymphocytes infiltration into the breast tumors bearing mice
21 days after PAHE treatment (50 & 100 mg/kg) administration,
respectively.
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Figure 4. PAHE effects on the expression of autophagy ATG-5 gene
expression in the animal model of ER* breast cancer.

Note. PAHE: Physalis alkekengi hydroalcoholic extract; RT-
PCR: Real-time polymerase chain reaction; ATG-5: Autophagy-
related gene-5; ER: Estrogen receptor. The control group was studied
with any administration while the treatment group was treated with
the more effective dosage of PAHE (50 mg/kg) for 16 days. The
relative ATG-5 mRNA expression was directly measured based on
breast tumors using the RT-PCR assay after 21 days (P=0.037).
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in the most effective dosage of the PAHE (50 mg/kg)
when compared to the control group (Figure 4). Based on
this result, the current study could prove the potential of
the PAHE for promoting autophagy mechanisms into the
malignant ER* breast tumor cells.

On the other hand, the findings demonstrated that
PAHE concentrations ranging from 50 to 100 mg/kg
remarkably inhibited the proliferation of cancer cells with
infiltrating inflammatory cells, tcumor cell necrosis, and the
like in a dose-dependent manner. These histopathologic
observations were made during drug administration
in high-doses toward low dosages. Therefore, our data
indicated a potential role for 2 alkekengiin breast carcinoma
prevention. Similarly, Ding et al (28) reported the anti-
tumor activity of P pubescens L. in the prostate cancer cells
of microscopic images, which is consistent with the effect
of P pubescens L on tumor cells. Further, numerous studies
(31-36) evaluated the therapeutic effects of P alkekengi,
due to its antioxidant properties or activity, on different
diseases such as cancer, heart problems, diabetes, and
infection. Furthermore, Torabzadeh et al suggested that
the effect of the aqueous extract of P alkekengi on the
cancer cytotoxicity of the U937 cell line was convenient
(37). In another study, Li et al (38) revealed the anticancer
cytotoxic activity of this plant on tumor cells with cell
lines such as HeLla and hepatoma. Moreover, other studies
confirmed the effects of SMMC-7721 and HL-60 cell
lines on various cancers (39-41) and reported that the
administration of 2 Alkekengi extracts remarkably reduced
the tumoral level, which may contribute to a decline in the
size of the prostate.

Conclusion

Briefly, our data showed that the effects of the PAHE
were attributed to its natural compounds of the damage
of the tumor dissue. In addition, the findings of this study
may provide evidence for the potential application of P
alkekengi in the treatment of breast carcinoma and thus
could help cure cancer by targeting some mine cellular
death cascades including the autophagy mechanism.
Therefore, further research is warranted to identify these
anticancer ingredients of P alkekengi with overdose and
validate its utilization in animal studies.
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