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Bombyx mori silk sericin is a globular-like protein that is used as an antioxidant, antibacterial, and anti-
tumor agent. In this current research, we isolated sericin by degumming process and formation of sericin-
AgNOs NPs confirmed by UV-vis spectra, SEM, EDX, FTIR, and XRD patterns. The sericin and sericin-
AgNOs NPs mediated changes in human breast cancer cells were determined. The antiproliferative activ-
ity of sericin-AgNO3; NPs was analyzed by MTT dye reduction assay. Alterations at molecular levels were
investigated by qRT-PCR, while apoptotic effects were studied by nuclear DNA staining. After 72 h treat-
ment, sericin and sericin-AgNO3; NPs showed significant antiproliferative effects in MDA-MB-231 (26 %)
and MCF-7 (41 %) cells. Expression modification showed prominent stimulation of cell cycle arrest and
stress related genes such as cyclin-dependent kinase inhibitors (CDKN1A, CDKN1B), and GADD family
genes. RT-PCR results of the GADD family include GADD45A, B, G, 34, 153 and cyclin-dependent kinase
inhibitors (CDKN1A, 1B) showed pronounced induction of 3.1 to 19.8-folds in MCF-7 cell line while
induction in MDA-MB-231 cell line was 2.5 to 34.3-folds. Nuclear DAPI staining showed significant induc-
tion of apoptosis and nuclear fragmentation in MDA-MB-231 cells at a concentration of 1 mg/mL for both
sericin and sericin-AgNO3; NPs. Meanwhile, in case of MCF-7 cells, after treatment with sericin and
sericin-AgNOs NPs (1 mg/mL), the cells changed into a round shape and lost their original spindle outlook
in dose-dependent manners. We concluded that sericin-AgNO3; NPs have significant antiproliferative,
apoptosis, and genetic profiling effects in both breast cancer cell lines at the highest concentration.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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various years, it can be defined as any part of the body having
unrestrained expansion and proliferation of the cells occurring
due to genetic alterations and harmful environmental factors. In
the case of cancer, during the transformation process, important
genes like tumor-suppressor and oncogene deregulate and this
imbalance leads to lethal cellular changes (Casais-Molina et al.,
2018). Breast cancers are widespread and destructive tumor types
that affect the female population in the entire world (Han et al.,
2018). Carcinoma of the breast is the second foremost of death
due to cancer and the most frequent malignancy in women. It is

1. Introduction

Worldwide, cancer is the foremost source of human being fatal-
ity and a chief community fitness apprehension. Generally, during
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a tumor of lobules supplying milk ducts, the inner lining of milk
ducts, and breast tissues. The rate of the existence of breast tumors
in developed and developing countries with an estimated 5 years is
80 % and 40 % respectively (Akram et al., 2017).

Bombyx mori silk cocoon is a natural source of silk sericin (SS) a
globular-like protein composed mainly of fibroin protein (70-80 %)
with sericin (20-30 %). In a silk cocoon, three silk sericin layers
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including the outer layer hold 15 % sericin, the middle layer grip
10.5 %, and the inner layer compose 4.5 % with sericin surrounding
the silk fibroin layer (Saha et al., 2019). Silk sericin synthesized by
the labial gland of B. mori has a molecular weight of about 200 kDa
due presence of polar amino acids that made it a hydrophilic-based
glycoprotein. Mainly, it is composed of eighteen various kinds of
amino acids but the largest part prevalent include glycine, serine,
threonine, aspartic acid, tyrosine, and glutamic acid (Mody et al.,
2009). Due to the highly enriched contents of carotenoids and fla-
vonoids, it is responsible for anti-oxidant and anti-tyrosine actions.
SS contains 6 % hydrogen, 16.5 % nitrogen, 31 % oxygen, and 46.5 %
carbon which give its organic composition description (Mody et al.,
2009). Sericin is used against various biological properties includ-
ing anti-oxidant, moisture-absorbing capabilities, UV resistance,
antibacterial, as well as antitumor actions. It can also be used for
natural or synthetic fibers of textile industries as a finishing agent
in addition to a biomedical polymeric product being as a skincare
mediator in cosmetic industries (Joseph and Raj, 2012). For tumor
therapy, the therapeutic index of chemotherapy agents has been
significantly enhanced by the coming out of nanoparticle-based
drug delivery approaches. However, nanoparticles (NPs) tend to
be highly unstable and agglomerate when they come up to reach
a fluid material (Hu et al., 2018).

Silver nanoparticles (AgNPs) are extensively applied in differ-
ent areas of disciplines for the production of different biomedical
yields to prevent various types of infectious diseases such as
antibacterial, anti-inflammatory, antiviral, and anticancer thera-
pies. Due to anti-oxidant and cytotoxicity properties, silver
nanoparticles (AgNPs) mediated cytotoxicity via excess construc-
tion of ROS and induce disproportionate apoptosis in various
cancerous and non-cancerous cells related to lung ovarian, and
breast cancer (Bin-Jumah, et al., 2020). Silver nanoparticles also
caused mitochondrial dysfunction leading to chromosomal aber-
rations and sets off DNA damage by releasing the free silver ions
and ROS. Overcoming the problem of silver nanoparticles surface
modification occurring with any dispersion agent may be a good
sort. The dispersion stabilizers are highly hydrophilic polymers as
well as polysaccharides would consist of their functionality, like
drug-delivery approaches and cancer cures. In this study, silk-
worm (Bombyx mori) protein sericin is used as a hydrophilic poly-
meric stabilizer conjugated with AgNPs due to its good
biodegradable and biocompatible properties. (Lv et al., 2018).
The purpose of the conducted research was to elucidate the
breast cancer potential of silkworm protein sericin and sericin-
AgNO;3 NPs against two human breast cancer cell lines i.e., MCF-
7 and MDA-MB-231.

2. Materials and methods
2.1. Ethics approval

The research study was ethically approved with reference No.
GCU-IIB-1064 from Government College University, Lahore. All
animal trials were executed according to local and worldwide pro-
cedures followed by the Wet op de dierproeven (article 9) of Dutch
law (international) and an associated rule planned via the Bureau
of Animal Research Licensing, Local University as detailed in our
earlier papers (Ali et al.,, 2020; Hussain et al., 2020; Ara et al,,
2020; Ali et al., 2020; Khan et al., 2019; Ali et al., 2019; Mumtaz
et al., 2019; Mughal et al., 2019; Dar et al., 2019). The rearing
and use of animal were carried out using NIH Publication “Guide
for the Care and Use of Laboratory Animals” (NRC, 2011) and by
the local bioethical committee of the University on animal
experimentation.
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2.2. Materials and chemicals

Raw silk cocoons were compassionately purchased from the
Sericulture sector, the Department of Forest, and the Government
of Punjab Ravi Road, Lahore. Silver nitrate (AgNOs3) (AR, 99.99 %)
was acquired from Aladdin Corporation (Shanghai, China). Nolva-
dex (Tamoxifen Citrate) tablets, a non-steroidal anti-estrogen,
were purchased from Ali Imran Pharmacy, Lahore. Each tablet
was containing 45.6 mg of tamoxifen citrate which is equivalent
to 30 mg of tamoxifen.

2.3. Extraction of sericin from raw silk cocoons

In the medical toxicology laboratory, Government College
University Lahore, silk cocoons were cut into little portions to erad-
icate the larvae and autoclaved for 60 min at 120 °C by putting
them into deionized water (Cho et al., 2003; Lamboni et al.,
2015). Thereafter, fibroin was separated from the sericin solution
with the help of a 12 kDa dialysis membrane (Pierce, USA), and silk
sericin was used as a stock solution. From 1 g of raw silk cocoons,
10-20 mg silk sericin was achieved up and concentrated up to the
required percentage.

2.4. Preparation of sericin powder and synthesis of sericin-AgNO3 NPs

The obtained sericin solution was frozen and freeze-dried using
a Hero LL 3000 lyophilizer under —20 °C to become sericin powder.
A 1% sericin stock solution was prepared by dissolving 1 g of ser-
icin powder into 100 ml of doubled distilled water. 1 mM of silver
nitrate (AgNOs) solution was prepared and added dropwise into a
1 % solution of sericin. The mixture solution color changed into yel-
low-brown and placed into the sunlight for 36 h, an indication of
sericin-AgNO3; NPs composite. By using a 1 M solution of sodium
hydroxide (NaOH), the pH of the solutions was adjusted from 9
to 11.

2.5. Characterization of sericin-AgNO3; NPs

For the conformation of sericin-AgNO3; NPs formation, different
characterization techniques were used. Ultraviolet-visible spec-
troscopy (UV-1700, Shimadzu) was used to study the diagnostic
peaks of sericin and sericin-AgNO3 NPs with silver in the Nan-
otechnology Laboratory, Department of Chemistry, Government
College University, Lahore. The morphological characters of NPs
were pictured by using scanning electron microscopy (FEI NOVA
450 NanoSEM) and the elemental composition and concentration
of nanoparticles were studied by using energy-dispersive X-ray
(EDX) spectroscopy. Furthermore, Fourier-transform infrared (Bru-
ker Alpha Platinum ATR, FTIR) was used to assess the chemical for-
mation of sericin NPs at room temperature with a spectral range
from 1000 to 4500 cm ™' available at Lahore University of Manage-
ment Sciences (LUMS). An X-ray diffractometer (Rigaku Ultima IV)
was used to examine the crystalline structure of sericin-AgNO;
NPs. The samples were scanned in the 26 range of 10°-80° with a
scanning speed and step size of 3° min~' and 0.02° respectively.

2.6. Cell culture and treatment of sericin and sericin-AgNO3 NPs

Two selected breast cancer cell lines including MCF-7 and MDA-
MB-231 were obtained from the University of Health Sciences
Lahore. The cells were maintained and propagated in 90 % Roswell
Park Memorial Institute (RPMI-1640) media supplement with 1 %
streptomycin/penicillin and 10 % of fetal bovine serum (FBS). Cells
were cultivated as adherent monolayers to just about 70- 80 %
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confluence and sustained at standard culture conditions 37 °C in a
humid atmosphere of 5 % CO,.

2.7. In vitro cytotoxicity of sericin and sericin-AgNO3; NPs / cell
proliferation assay

Cells were treated with the selected compound and its NPs
fractions followed by calculation of the cell viability via MTT
(3-{4, 5-dimethylthiazol- 2- yl}-2, 5- diphenyl tetrazolium bro-
mide) dye reduction solution. The cells were counted by Neu-
bauer’s chamber, placed in RPMI-1640 complete media, and
seeded in two 96-well plates of MDA-MB-231 and MCF-7 cell lines
at a given concentration of pre-optimized cell density (4 x 10°
cells/100 pL medium/well) and incubated for 24 h at 37 °C. After
24 h cultures, the cells were exposed to different concentrations
of sericin and sericin-AgNOs; NPs (1 mg/mL, 0.5 mg/mL, 0.1 mg/
mL) dosage, AgNos-NPs having a volume equal to sericin-AgNO;
NPs for cytotoxicity comparisons and tamoxifen (10 pg/mL, 5 pg/
mL, 2 pg/mL, 1 pg/mL) as a standard drug. After treatment, the
cells culture plates were incubated for another different period
including 24 h, 48 h, and 72 h respectively (Lv et al., 2018).

As a cytotoxicity test compound, the media contained sericin
and sericin-AgNO3 NPs (5 mg/mL stock solution) in different vol-
umes of 20, 10, and 2.5 pL/well. As a positive control, 1 mg/mL of
tamoxifen was added in different volumes of 1.2, 0.6, 0.24, and
0.12 pL/well. AgNPs were used with an equal volume of sericin-
AgNOs; NPs for association and to test out the antiproliferative
activities/cytotoxicity of the sericin-AgNO3; NPs themselves. After
removal of the solution, 20 pL/well of MTT dye (5 mg/mL in media,
Sigma, USA) was added to each well of the 96-well plate. After 4 h
incubation, MTT solution was gently removed by micropipette, and
added dimethyl sulphoxide (DMSO) (Sigma, USA) solution (50 pL/
well) in each well. Viable cells were calculated by using an ELISA
plate reader (Anthos Mikrosysteme, Krefeld, Germany) at 545 nm
absorbance (with a reference filter of 620 nm). Measurements
were achieved 3 times, and the percent survival of cell viability
was calculated graphically by GraphPad Prism software. Every
experiment was performed three times (Mandal and Kundu, 2009).

2.8. Expression modification by RT-PCR analysis

Both selected cell lines were seeded in 6-well plates at different
concentrations of cells/jwell and given incubation for 24 h. The
media of cells were removed, and the different concentrations of
selected compounds including AgNPs, Sericin, sericin-AgNO3 NPs,
and Tamoxifen as over mention intermingled with cells. After
72 h of action, RNA extraction was performed from the cell pallet
with a commercially available kit (Thermo Fisher Scientific,
Cat#K0731, Germany). Complementary DNA (cDNA) was isolated
from RNA samples with Maxima reverse transcriptase (Thermo
Fisher Scientific, Cat#K1622, Germany) on ice, due to the kit man-
ufacturer’s process by way of oligo dT primer at different temper-
ature conditions for different periods such as 42 °C in favor of
60 min, 70 °C used for 5min, and 4°C in favor of hold. Gene
expression studies of selected genes were performed using 1 pg
of cDNA along with gene specific primers, SybrGreen master-mix
and Quantstudio 3 real-time PCR system. The reaction conditions
of RT-PCR were as followed: degeneration at 95 °C for 5 min, 40
cycles of denaturation at 95 °C intended for 20 sec, renaturation
for 30 s at 59 °C, and extension for 40 s at 72 °C. The primers were
synthesized by using Primer 3 software, melting temperature (™)
was calculated by Oligocalc software, and the qRT-PCR primer
sequences were listed in Supplementary Table 1. With the help
of the 2-AACT formula (Livak and Schmittgen, 2001), the fold
changes in RNA expression levels were calculated. The hypoxan-
thine phosphoribosyl transferase 1 (HPRT1) gene was used as a ref-
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erence gene for the normalization of the data set and each sample
was repeated in triplicate.

2.9. Nuclear DNA staining

The apoptotic effects of sericin, sericin-AgNO3z NPs, and Tamox-
ifen against MCF-7 and MDA-MB-231 cells were investigated by
fluorescent nuclear dye using 4, 6-diamidino-2-phenylindole,
dihydrochloride (DAPI) in comparison with untreated control cells.
In a 6-well cell plate, the cells of both selected cell lines were
seeded and treated with different concentrations of sericin (0.5-
1.0 mg/mL), sericin-AgNO; NPs (0.5-1.0 mg/mL), Tamoxifen
(2 pg/mL, 5 pg/mL, 10 png/mL), along with a comparison with indi-
vidual silver nanoparticles volume equal to sericin-AgNOs; NPs and
placed for 72 h. After the treatment with tested compounds, the
cells were rinsed 3 times through PBS and fixed at room tempera-
ture using 4 % formaldehyde for 10 min. After permeabilization
through 0.2 % Triton X-100, the cells were stained through DAPI
dye for 2 min at a dosage of 0.5 png/mL. After removing the DAPI
dye, the cells were rinsed 3 times using a phosphate buffer solution
and imaged using a phase-contrast fluorescent microscopy (EVO
fluorescence microscope, Thermo Fisher Scientific, Germany).
Every cell has glowing nuclear fragmentation and condensed
nuclei were used as apoptotic cells. The untreated control cells
were used as a negative control and the tested compound cells
were used as treatment cells (El-Fakharany et al., 2020).

2.10. Data Analysis/Statistical analysis

For statistical analysis of data and appropriate statistical tests,
GraphPad Prism 9.0 was applied accordingly. All the data were pre-
sented as a one-way analysis of variance (ANOVA), and mean + s-
tandard deviation (SD), while statistically significant values
showed by P values (P < 0.05).

3. Results
3.1. UV visible spectrum analysis

After ultra-visible (UV-vis) analysis, the spectrometer gave
absorption peaks of individual sericin at the wavelength range of
216 to 274 nm instead of sericin-AgNOs; NPs giving absorption
peaks at the wavelength of 416-426 nm (Supplementary Fig. 1)
showing the formation of silver nanoparticles (Muhammad Tahir
et al., 2020).

3.2. Morphology and elemental analysis of sericin-AgNO3 NPs through
SEM and EDX

The image of SEM showed that the majority of sericin-AgNOs
NPs were spherical, but some had hexagonal and triangular forma-
tions with a size range of 57 nm (Supplementary Fig. 2), while
characteristics peaks produced by EDX recommended the presence
of silver accompanied by some other elements such as carbon, cal-
cium, oxygen, potassium, Aluminum, nitrogen and some other ele-
ments (Supplementary Fig. 3) (Muhammad Tahir et al., 2020).

3.3. FT-IR spectra analysis

Sericin showed the spectral bands at 1062 cm™!, 1234 cm™,
1392 cm~7,1593 cm ', 2985 cm ! and 3271 cm~'. Whereas conju-
gation of silver with sericin shifting the intensity of bands at
3275cm ! indicates the (NH—OH bond) stretching, 2987 cm™'
indicates the C—H bond, 1597 cm~! shows the relation of Ag with
OH group of sericin (C=0 stretching), 1234-1397 cm™! indication
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of C—N stretching, and 1062 cm™! represented the (Ag—0) peaks
(Supplementary Fig. 4). The results indicated that the formation
of sericin-AgNO3; NPs did not change the structure of individual
sericin molecules.

3.4. XRD measurement

The XRD pattern of diffraction showed that sericin-AgNO3; NPs
face-centered cubic crystalline structure due to the reduction of
Ag* to metallic Ag®. The characteristics of diffraction peaks at scat-
tering angles (20) of about 38.2°, 45.1°, 64.4°, and 78.7° which are
attributed to (111), (200), (220), and (311) planes of the silver,
respectively as shown in (Fig. 1).

3.5. Cytotoxicity effects of sericin and its nanoparticles against MDA-
MB-231 and MCF-7 cells

Both selected cancer cell lines were treated through ever-
increasing doses of AgNPs, sericin, sericin-AgNO3; NPs (0.1-
1.0 mg/mL), and standard drug tamoxifen (1, 2, 5, 10 pg/mL). Ser-
icin and sericin-AgNOs; NPs stimulate considerable time and
dose-dependent antiproliferative properties in both types of cells.
After 24 and 48 h treatment, MCF-7 cell lines were about less sen-
sitive to sericin and sericin-AgNOs NPs at the highest dose (1 mg/
mL) as shown in Fig. 2D and E, while after 72 h treatment cells
were more sensitive to sericin and sericin-AgNO3; NPs (41 %) as
shown in Fig. 2F. A similar pattern of results was also calculated
in the case of MDA-MB-231 cells for both tested compounds and
all given time intervals but the cell inhibition rate (20 %) was less
(Fig. 2A, B, C) than compared to MCF-7 cells. From the above-
mentioned results, we declared that both sericin and sericin-
AgNO3 NPs showed significant inhibition of growth after a time
interval as well as dose-dependent manners. The best possible con-
centrations, following the need for a further experimental proce-
dure, were chosen depending on this preliminary viability
process and applied in all other further considerations of this
research.

3.6. RT-PCR analysis

To have further confirmation of Sericin and sericin-AgNO3; NPs
capability to induce apoptotic properties including fragmentation
of DNA nuclei and shrinkage of cells, we performed the expres-
sional profiles by qRT-PCR methodology. For this purpose, cells
were grown in cell culture media and treated with different doses
of AgNOs, Sericin, sericin-AgNO3 NPs (0.5, 1 mg/mL), and Tamox-
ifen (2, 5, 10 pg/mL). The molecular strategy confirmed the stimu-
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Fig. 1. X-ray Diffraction analysis.
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lation of growth arrest and cyclin-dependent kinase inhibitors
(CDKN1A, CDKN1B) and DNA damage (GADD) family genes in
human breast tumor cells. In the case of the MDA-MB-231 cells,
the CDKN1A, and CDKN1B showed maximum induction by 4.5-
and 2.5-fold, while GADD family-like GADD34, 153, A, B, and G
showed maximum induction by 2.8-, 7.2-, 4.5-, 2.6-, and 34.3-
fold as mention in (Fig. 3). For the MCF-7 cells, the maximum
induction for CDKN1A, and CDKN1B followed the same pattern
by 4.1-, 3.1-fold, where the for GADD34, 153, A, B, G, and 153 max-
imum induction were 7-, 19.8-, 3.1-, 5.7-, and 7.8-fold (Fig. 4).

3.7. Nuclear DNA condensation/fragmentation

The ability of sericin and sericin-AgNO3; NPs to induce nuclear
and DNA condensation in the chosen human breast cancer cell
lines like MDA-MB-231 and MCF-7 cells were studied for the deter-
mination of either apoptotic cell death concerning cell cycle arrest
or taking part in the given cytotoxic inhibition. The cells were trea-
ted with different dosages of sericin, and sericin-AgNO3; NPs were
used for 72 h and examined by fluorescence microscopy which
guided to apparent disruptive alterations in the nuclei of the cells.
The usage of various doses of tested compounds revealed the mor-
phological alternations of apoptotic cell death such as chromatin
condensation, nuclear fragmentation, membrane blabbing, nuclear
shrinkage, and formation of apoptotic bodies. At lower concentra-
tions, chromatin condensation was seen, whereas the effects were
further significant at higher doses of test compounds in both
selected human breast cancer cells such as condensation and
nuclear shrinkage. Fig. 5 shows the cells of MDA-MB-231 with
minor DAPI positively stained cells, although the most significant
results of sericin and sericin-AgNO3; NPs were shown at the highest
dose 1 mg/mL. Meanwhile, Fig. 6 shows the comparison of
untreated control and treatment cells of the MCF-7 cell line with
various doses of above mention compounds for 72 h cells. After
treatment with selected doses of sericin and sericin-AgNOs; NPs,
the cells have changed into a round shape and lost their original
spindle shape concerning dose-dependent manners. Results indi-
cated that nuclei become more intensely glowing with ever-
increasing doses of sericin, and sericin-AgNO3 NPs (1 mg/mL) as
well as their chromatin fragmentation and condensation.

4. Discussion

In recent years, the usage of natural agents for the treatment of
cancer has been one of the most crucial fields of study for cancer
prevention. For the identification of chemoprevention and treat-
ment of cancer one of the best key objectives is the utilization of
natural compounds with minimum side effects to induce apoptosis
in cancerous cells (Chon et al., 2013). Silk sericin produced by the
silkworm gland has shown enormous perspective as a therapeutic
material as a result of different properties including, excellent
reactivity, biodegradability, biocompatibility, and hydrophilicity.
It’s usually used in regenerative medicines as a copolymer with
side-chain polymers to form a variety of scaffolds in the field of
biomedicine (He et al., 2017). Nanotechnology and nanomedicine
have played a potential role in pharmaceutical and drug delivery
approaches like anti-viral, anti-cancer, anti-fungal, and anti-
microbial. Several manuscripts reported that AgNPs act as anti-
bacterial as well as anti-fungal properties. However, the release
of silver ions from these NPs causes mitochondrial dysfunction
and induction of ROS that cause chromosomal alternations and
DNA damage (Lv et al., 2018). To overcome the problem of cytotox-
icity, in this current study we worked on sericin protein for the dis-
perser and as a surface modifier in silver NPs production to get
ready novel sericin-AgNO3; NPs and talk about their biological



S. Mumtaz, S. Ali, A. Pervaiz et al.

MDA-MB-231 (24h)
1204

- ke ol 1T :
904 T Yo -
g
2
= e
2 604
]
g
& b
=) i
o ::gNo3 - -S-e-ricin - ‘;giv;:+5ericin FT:r:mxifen"-_
Treatment Groups
MDA-MB-231 (48h)
150+
1201 _E: -gl:
dd
.TZ‘ =3 § g N T
s
NI TN
: VR
§ - § o
Sericin AgNO;+ Sericin Tamoxifen
Treatment Groups
MDA-MB-231 (72h)
150+
b
120+ . RS e 3 ad
= Bla'. d
3 — § __ " §
E K

AgNO; Sericin AgNO;+ Sericin
Treatment Groups

Tamoxifen

Saudi Journal of Biological Sciences 30 (2023) 103551

MCF-7 (24h) =1 Control

A80: @ Conc. A
Conc. B

mm Conc. C

150

Percent Survival

AgNO; Sericin AgNO,+ Sericin Tamoxifen

Treatment Groups

MCEF-7 (48h)

1504

d

-
- dd
dd

Percent Survival

Sericin AgNO;+ Sericin Tamoxifen

Treatment Groups

MCF-7 (72h)
150+ bb

120 -

dd
dd

Percent Survival

AgNO; Sericin AgNO;+ Sericin Tamoxifen

Treatment Groups

Fig. 2. Anti-proliferative effects of AgNO3, Sericin, Sericin-AgNO; NPs, and standard drug Tamoxifen after 24, 48, and 72 h treatment in both selected cancerous cell
lines. Antiproliferative effects in selected cells including MDA-MB-231 (A, B, C) and MCF-7 (D, E, F) were calculated through an MTT dye reduction assay. An alphabet
represents significant cytotoxic effects (P < 0.05) on cells. “a” showed a significant difference between control and Conc. A, B, and C of AgNO3 (0.1, 0.5, 1 mg/mL), “b” showed a
significant difference between control and Conc. A, B, and C of Sericin (0.1, 0.5, 1 mg/mL), “c” showed a significant difference between control and Conc. A, B, and C of Sericin-
AgNO; NPs (0.1, 0.5, 1 mg/mL), and “d” showed significant differences between control and Conc. A, B, and C of Tamoxifen (1, 2, 5, 10 pg/mL).

properties along with subsequent molecular alternations in two
breast cancer cell lines.

The formation of sericin-AgNO3 NPs was confirmed by different
characterization techniques such as UV-vis spectral analysis, SEM,
EDX, and FTIR. The UV-vis analysis showed the absorption peaks at
416 nm which indicated the formation of sericin-conjugated
AgNO3 NPs. In a previous study, similar outcomes have reported
the spectrum of silver-conjugated NPs ranged from 412 to
425 nm (Al Masud et al., 2021). SEM images revealed that the
majority of sericin-AgNOs; NPs were spherical, but some had
hexagonal and triangular shapes which are similar to the previous
studies (Shah et al., 2019). Furthermore, EDX and FTIR analysis
describe the elemental composition of NPs and are confirmed by
some previous studies (Muhammad Tahir et al., 2020). FTIR spectra

evolution showed the spectral bands of sericin at 1062 cm™!,

1234cm™!, 1392 cm™, 1593 cm™!, 2985 cm™" and 3271 cm™’,
meanwhile, conjugation of silver with sericin shifting the intensity
of bands to some extent at 3275 cm™! indicates the (NH-OH bond)
stretching, 2987 cm~! indicate the C—H bond, 1597 cm~! shown
the relation of Ag with OH group of sericin (C=0 stretching),
1234-1397 cm ! indication of C—N stretching, and 1062 cm ™! rep-
resented the (Ag—0) peaks. Many other researchers revealed FTIR
results of sericin-conjugated AgNOs; NPs and also described the
same FT-IR peaks as in our study, but some also showed slightly
variable results (Dsugi and Elbashir, 2015). XRD measurement
has shown that sericin-AgNO; NPs were crystalline in the structure
having characteristics at scattering angles (260) of about 38.2°,
55.1°, 64.4°, and 78.7° which are attributed to (111), (200),



S. Mumtaz, S. Ali, A. Pervaiz et al.

MDA-MB-231-CDKN1A

Saudi Journal of Biological Sciences 30 (2023) 103551

4.8 ddd
MDA-MB-231-CDKN1B
~
=
£ 27 —
2 A
@ =)
$ 2
g &3'2_ i ece % cce ddd
23 @ E-
-g i e #1.89
° 5 bbb 2 ;
=
< E bbb ddd ddd '5 4
= o aaa cce = &
2 1.6 S E
2 = g0‘9-
S 2
& k=
]
&
0.0 T T T T T T T T T T 0.0 T
SN SRR ERRS S
& oY 0 S S S S S &
T8 S SHFHSHHFSLHFESFSS ¢
L o“ﬂ P,
&
JOI
Concentrations Concestrations)
MDA-MB-231-GADD45A MDA-MB-231-GADD45B
4.8 aaa 3
-~ bbb = aaa
= — = =
£ £
] ]
§ § ddd
&
& 532 aaa & 22
g8 B bbb
iz S« 2
Sz Sz bbb ddd
= bbb &€ cee = cec cee  gqd
s E s E
B g 21
£ 3
E <9
g g
M §T F S S &3 8 3 3 M T R S S S S G
s > > & & & & & & & & 3 S T 2 S S
S A AV o v & & G A S S
= S K K
PR & S S JEY &S <
L L
Concentrations Concentrations
MDA-MB-231-GADD45G
36 cce
=~ MDA-MB-231-GADD34
S
2 39
e ccc 2
@ 4 4
80 # o
§ < o &
g «
80
s Z g5
= <
2t 2%
~ @ 13 =
'E aaa s E 1_
] ]
S ] =
I~ =)
= bbb b ddd ddd ddd =
&
0 0
TS T I ST ST S 8§ FF e
R - T T T R T AT
C ?g ?g %é\b %é\" P & %y" ¢°‘> Qes\ @g}
X I A P
?so ?&eo o o & &
OJ o
v ¥
Congeniratlons Concentrations
MDA-MB-231-GADD153
8.4
’g cce
‘A
3
£
2 =56
-
S«
cE
=
E £ aaa
E 2.8
5 bbb
E aaa bbb cec dda ddd ddd
<
%0 N N N N » N\ Al N Al N
& N 3 & & N & N & &
& O O & & & & & Cd Cd
S AV AV o o o
I
O

Concentrations

Fig. 3. qRT-PCR expression profiles of CDKN1A, CDKN1B, GADD 45A, B, G, 34, 153 of MDA-MB-231 cell line qRT-PCR expression profiles of cyclin-dependent kinase
inhibitor (CDKN1A, CDKN1B), cell cycle relevant genes (GADD45A, B, G, 34, 153) of MDA-MB-231 cell line treated with various dosages of AgNO5 Sericin, and Sericin-AgNO3
NPs (1, 0.5 mg/mL), along with standard drug Tamoxifen (10, 5, 2 ng/mL) respectively. Fold change with relative mRNA expression was calculated by GraphPad Prism 8

software. An alphabet represents significant induction of cyclin-dependent kinase inhibitors (CDKN1A, CDKN1B) and GADD family genes (P < 0.05).

wan
a

represented a

significant difference among untreated control (U.C) and AgNOs (0.5, 1 mg/mL), “b” demonstrated significant difference among U.C and Sericin (0.5, 1 mg/mL), “c” represented
significant difference among untreated control and Sericin-AgNO5; NPs (0.5, 1 mg/mL), and “d” represented significant difference among U.C and Tamoxifen (2, 5, 10 pg/mL).
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Fig. 4. Qrt-pcr expression profiles of cdkn1a, cdkn1b, gadd 45a, b, g, 34, 153 of mcf-7 cell line qRT-PCR expression profiles of cyclin-dependent kinase inhibitor (CDKN1A,
CDKN1B), cell cycle relevant genes (GADD45A, B, G, 34, 153) of MCF-7 cell line, treated with various concentrations of AgNOs, Sericin, Sericin-AgNOs; NPs (0.5, 1 mg/mL), and
standard drug Tamoxifen (2, 5, 10 pg/mL).). Fold change with relative mRNA expression was calculated by GraphPad Prism 8 software. An alphabet represents significant
induction of cyclin-dependent kinase inhibitors (CDKN1A, CDKN1B) and GADD family genes (P < 0.05). “a” revealed significant difference among U.C and AgNOs (0.5, 1 mg/
mL), “b” revealed significant difference among untreated control and Sericin (0.5, 1 mg/mL), “c” showed a significant difference between U.C and Sericin-AgNO3; NPs (0.5,
1 mg/mL), and “d” represented the significant difference between U.C and Tamoxifen (2, 5, 10 pg/mL).
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Fig. 5. Photomicrographs of MDA-MB-231 cells stained with DAPI dye, studied by fluorescent microscopy under a scale bar selected for all images are 400 pm. Cells
were exposed through AgNO5; NPs, sericin and sericin-AgNO3 NPs (0.5, 1.0 mg/mL), and tamoxifen (2, 5, 10 pg/mL).

(220), and (311) planes of the silver. Previous studies have also
affirmed that resultant particles are the face-centered cubic struc-
ture of metallic AgNPs.

In the second step, cytotoxicity levels of sericin and sericin-
AgNO3; NPs were analyzed in the selected human breast cancer
cells with the help of the MTT dye reduction procedure. Sericin
and sericin-AgNO3; NPs demonstrated reasonable cytotoxic effects
with low usage of concentrations with minimum side effects, but
anti-proliferation levels vary among two cell lines (2 to 35-folds).
MDA-MBA-231 cells were less sensitive as compared to the MCF-
7 cells. For the MCF-7, a clear plateau for a high concentration of
sericin and sericin-AgNOs NPs (1 mg/mL), while the sensitivity
level of MDA-MB-231 cells showed a concentration-dependent,
time, and balanced inhibition of sericin along with sericin-AgNO3
NPs. In a previous study, bacterial silk sericin biopolymer (BNES)
was used for human cancer cells treatment and the finding showed
that BNES boosts the anti-tumor action with the help of inducing
apoptosis and its mechanism of action is complicated due to differ-
ent signaling pathways (El-Fakharany et al., 2020). Kaewkorn et al
(2012), established that silk SER overcomes cytotoxicity by
increasing apoptosis of colon tumor cells, consequently rising the
action of caspase-3 along with a reduction in the expression of
Bcl-2 (Kaewkorn et al., 2012). Moreover, the reason behind the
antiproliferative outcomes of silk SER protein possibly will also
attribute due to different pathways except for apoptosis including,
arrest of the tumor cell cycle, suppression of angiogenesis, and

inhibition of cancer development. Hastings and Kenealey (2017)
worked on Avenanthramide-C, a novel phytochemical used to
reduce cell viability against MDA-MB-231 cells during the apop-
totic cell process. AVN-C, diminish the cell viability of MDA-MB-
231 breast tumor cells using an apoptotic cell death pathway. They
concluded that avenanthramide-C reduced cell viability, stain pos-
itive for caspase action and annexin V, as well as increased sub-G
population. All these activities indicated to Avenanthramide-C
stimulate cell death in human breast tumor MDA-MB-231 cells
and it can be used as a chemotherapeutic compound (Hastings
and Kenealey, 2017). Similar results were yielded from our
research study in which sericin and sericin-AgNOs; NPs were used
as novel therapeutic compounds against two human breast tumor
cell lines such as MCF-7 and MDA-MB-231. The cell cytotoxicity
action of both compounds revealed that they have reasonable cyto-
toxicity effects against both cell lines with low usage of concentra-
tions. In another study, Vural. (2021) suggested that human serum
albumin functionalized gold nanoparticles (HAS-Gold-NPs) were
used to achieve tamoxifen delivery against two human breast
tumor cells such as BT-474 and MDA-MB-231. The results indi-
cated that the release pattern of tamoxifen entrapped by HAS-
AuNPs stimulated cell death in concentration-dependent manners
with the usage of various concentrations (1-100 pg/mL) (Akbal,
2021). Similar outcomes give up from our experimental study in
which MCF-7 cells and MDA-MB-231 were treated through various
dosages (0.1-1 mg/mL) of SER and sericin-AgNOs; NPs and both
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Fig. 6. Photomicrographs of MCF = 7 cells stained with DAPI dye, studied by fluorescent microscopy under a scale bar selected for all images is 400 pm. Cells were
exposed through AgNO5 NPs, sericin and sericin-AgNO3 NPs (0.5, 1.0 mg/mL), and tamoxifen (2, 5, 10 pug/mL).

tested compounds also induced significant cell viability at 48 h and
72 h incubation (Fig. 2).

To move forward in approaching the probable mechanism dis-
played by sericin to induce anti-tumor and cytotoxic activity, an
investigation of cell cycle delivery profiles was performed. For this
reason, two human breast tumor cells were treated with various
doses of sericin along with its nanoparticles (0.5, 1.0 mg/mL) for
72 h period in which maximum activity was calculated against
both cell lines. Kumar and Mandal (2019) worked on silk sericin
stimulating pro-oxidative stress which leads to apoptosis in cancer
cells. The results declared that sericin contains polyphenols and
flavonoid compounds that elevated ROS production in tumor cells.
The elevated level of ROS caused cell cycle arrest at the cell cycle
sub-G1 phase and resulted in apoptosis. Thus pro-oxidative stress
induced by silk sericin suppresses cancer development demon-
strating its prospective anti-tumor action (Kumar and Mandal,
2019). Similar results were shown in our study, as shown in Figs. 3
and 4, the silk sericin and sericin-AgNO3; NPs can encourage cell
cycle distribution confined in different main stages of the cell cycle
such as GO, G1, G2, and M phases. The consequences showed that
sericin and its nanoparticles as compared to untreated control
cells, stimulated arrest in the sub-G1 and S-phase of treated cells
and caused the apoptosis mechanism in a concentration-
dependent approach. In a previous study, novel albumin-sericin
NPs revealed a significant stimulation of apoptotic cell death and
inhibition of cell development in the laryngeal cancer cells
(Yalcin et al., 2019). Our outcomes are reliable to Yalcin et al.

(2019) moreover as shown in Figs. 3 and 4, the sericin and
sericin-AgNO3 NPs caused the apoptosis mechanism in the main
stages of the cell cycle in concentration-dependent manners. In a
previous study, Riproximin a naturally occurring therapeutic agent
used for the treatment of breast tumor cells like MDA-MB-231 and
MCF-7. The outcomes showed that riproximin induced cytotoxic
and apoptosis effects in both types of cells. Expression profiling
indicated that significant induction of stress-related GADD family
genes along with cytokines 1L24/MDA-7, meanwhile prominent
inhibition of BCL-family, genes-related migration such as RHO
GTPase, and cell cyclin (Pervaiz et al., 2016). Similar results come
from our study in which sericin along with sericin-AgNOs; NPs
was used for the treatment of both cancer cells, and RT-PCR results
of the GADD family include GADD45A, B, G, 34, and 153 along with
cyclin-dependent kinase inhibitors including CDKN1A, 1B showed
pronounced significant induction 3.1 to 19.8-folds against MCF-7
cell line while induction against MDA-MB-231 cell line was 2.5-
to 34.3-folds (Figs. 3, 4).

Additional authentication of the effective cell death action and
anti-breast cancer activity of sericin and sericin-AgNO3 NPs was
established after 72 h treatment of both selected cell lines with
the help of nuclear DNA staining with DAPI dye and capturing cel-
lular morphological changes in these cells by phase-contrast fluo-
rescent microscope. The dye can combine with different
fragments of DNA, highlighting the cell death effect of SER and
sericin-AgNO3 NPs. Esamil et al. (2020) studied in vitro bacterial
silk-like polymer, and bioactivities of SER protein and showed
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results that indicated that bacterial sericin displayed satisfactory
cytotoxic and cellular morphological alternations against MCF-7,
A-549, Huh-7, and Caco-2 cancer cell lines (Esamil et al., 2020).
Results revealed that nuclei of both human breast cancer cells turn
into more brightly glowing with ever-increasing concentrations of
SER and sericin-AgNO3; NPs, along with condensation and chro-
matin fragmentation. Hence, sericin and sericin-AgNO3; NPs
showed anti-cancer activity against both selected human breast
cancer cells. Asim et al. (2016) worked on riproximin, which has
shown significant cytotoxic and apoptosis cell death effects. They
declared that a significant nuclear fragmentation was seen in
MDA-MB-231 and MCF-7 cell lines as causes for its apoptotic and
cytotoxic effects and arrest in the S phase (Pervaiz et al., 2016).
Similar results come from our research, we used a natural silk ser-
icin protein along with sericin-AgNO3; NPs nuclear shrinkage to
stimulate DNA condensation in chosen tumor cells. Results indi-
cated that nuclei become more intensely glowing with ever-
increasing doses of sericin, and sericin-AgNO3 NPs (1 mg/mL) as
well as their chromatin fragmentation and condensation (Figs. 5,
6).

5. Conclusion

In vitro study revealed that sericin and sericin-AgNOs; NPs
showed anticancer action and showed cytotoxic effects against
selected human breast cancer cells by stimulation of apoptosis
and genetic alternations against cell cycle arrest genes. At the
molecular level, sericin and sericin-AgNO3; NPs support the stimu-
lation of anticancer gene expression encouraging its tumor-specific
cytotoxicity. Numerous anticancer effects of sericin and sericin-
AgNO3 NPs against selected breast tumor cell lines maintain their
significant action as naturally presenting therapeutic compounds.
However, further in vivo studies are needed for its use as a potent
anticancer agent in pharmaceutical applications.
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