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Antiproliferative Potential of Biosynthesized Gold Nanoparticles in
HepG2 Liver Cancer Cells

Muzammal Mateen Azhar', Tahir Maqbooll*, Afsheen Akbar?, Maryam Raza’, Syedda Amina Rizvi’, Fatima Ali'

ABSTRACT

OBJECTIVE: To assess the anticancer potential of biologically synthesized gold nanoparticles (AuNPs)
through in vitro evaluation, elucidate their antiproliferative mechanisms, and examine their effects on
the Hep G2 cell line.

METHODOLOGY: Gold nanoparticles (AuNPs) were biologically synthesized using the fungus
Aspergillus terreus at the Microbiology Lab, IMBB Department, The University of Lahore. These
nanoparticles were characterized to determine their size using X-ray diffraction (XRD) and Transmission
Electron Microscopy (TEM). The IC50 of the synthesized AuNPs was evaluated using the MTT assay,
which measures cell viability. A scratch assay was performed to assess wound-healing capacity.
Additionally, gene expression was analysed by quantitative polymerase chain reaction (qPCR) to
investigate the molecular mechanisms underlying the antiproliferative effects of AuNPs in the HepG2
liver cancer cell line.

RESULTS: X-ray diffraction (XRD) analysis revealed gold nanoparticles (AuNPs) with a size range of 18
29 nm, while Transmission Electron Microscopy (TEM) measured them at 13 * 8 nm. The AuNPs
demonstrated significant anticancer activity against the Hep G2 cell line, as evidenced by cytotoxicity
assays and qPCR analysis of altered gene expression patterns.

CONCLUSION: Biologically synthesized gold nanoparticles exhibit potent anticancer effects, suggesting
their potential as an alternative therapeutic approach for liver cancer. Further investigations are
necessary to elucidate their precise mechanisms of action and assess their clinical applicability.

KEYWORDS: Gold nanoparticles, Anticancer, Nanotechnology, Anti-proliferation, Transmission Electron
Microscopy (TEM), X-ray diffraction (XRD), Liver Cancer.

INTRODUCTION

Nanotechnology has given new meaning to the
application and study of elements, especially valuable
metals, for scientific research. The characteristic of
nanotechnology to harness the intrinsic properties of
components at the nanoscale has been a strong
driver of its application in the medical field. Due to
significant advancements in research, nanotechnology
has provided alternatives to traditional medicine and
achieved notable progress in drug delivery and
treatment. In this regard, diseases such as cancer,
which is as prevalent as the common cold, are now in
the spotlight as candidates for the application of
nanotechnology products. Cancer is an uncontrolled
division of somatic cells that can cause blockage of
normal bodily functions and, in severe cases, even
cause death. Even though treatments are available
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with full chances of recovery, the human body and
period for recovery are longer due to side effects
associated with the non-specific action of drugs, i.e.
targeting organ systems as well as tumors. In this
regard, nanotechnology has made significant strides
toward targeted drug delivery and faster responses in
cancer treatment. Gold (Au) nanoparticles havebeen
utilized in various aspects of bioscience and
biomedical research. A product of nanotechnology,
goldnanoparticles possess novel properties that make
them suitable for use at the sub-cellular level.

The current consideration of AuNP in cancer
treatments targets diverse stages of cancer. The use of
gold nanoparticles in radiotherapy is of significance,
as this metal is a good conductor of radiation and has
been shown to induce tumour cell demolition in
various treatments involving cancer patients. The
effects of radiotherapy include the induction of
apoptosis, leading to tissue necrosis, specifically in
cancer cells, while sparing normal tissues to the
extent possible through precise targeting and dose
modulation. This factor is vital and shows promise in
the treatment of malignant forms of cancer. An issue
witheffective treatment is the in vivo stability of the
therapeutic agent, which is compromised when it
interacts with specific intracellular and extracellular
proteins and enzymes. In this regard, treatment uses
drug-specific ligands bound to gold nanoparticles,
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which can enhance drug stability and delivery to
tumour cells.® To reduce aggregation, the universal
chemical surface of gold nanoparticles allows the
coating of polymers, small molecules and
bioreactors®. This surface modification enables the
use of gold nanoparticles across a wide range of
chemical, biological, technical, and medical
applications.

Gold nanoparticles (AuNPs) are generally inert in
biological applications and exhibit many physical
properties relevant to various biomedical applications.
For multiple-targeting and therapeutic ligands that
bind to gold nanoparticles, the gold nanoparticles
must first pass through a polymeric stabilizer to
enhance their stability and functionality. Subsequently,
the anti-estrogen molecule is conjugated with thiolated
polyethylene glycol (PEG) via an Au-S bond, forming
a stable functional gold-thiolate nanoparticle complex
for targeted therapeutic applications®. The successful
use of colourimetric AuNPs in clinical diagnostics is a
sensitive test for clinical specimens of Myco-bacterium
tuberculosis, a cause of tuberculosis in Homo
sapiens®. The primary goal of cancer treatment is to
provide improved efficacy. A cancer diagnosis is often
considered critical, but if detected at an early stage,
the prognosis is generally more favorable, allowing for
effective treatment and better survival outcomes. A
large number of cancer patients are asymptomatic
before being at an advanced stage. Current treatment
is limited to chemotherapy, radiotherapy and surgery®.
Due to the limitations of existing treatments and
clinical procedures in addressing numerous drug-
resistant cancers, the development of innovative
technologies for accurate detection and effective
treatment has become essential in improving patient
outcomes’. Several fungi have been used for
nanoparticle synthesis; Aspergillus terreus is less
commonly reported compared to Aspergillus niger or
Penicillium species. We used Aspergillus niger for the
synthesis of gold nanoparticles.

METHODOLOGY

Synthesis of nanoparticles (gold and Aspergillus
terreus): Gold nanoparticles (AuNPs) were biologically
synthesized using the fungus Aspergillus terreus at
the Microbiology Lab, IMBB Department, The
University of Lahore. The culture flask was incubated
at 28°C on a shaker at 150 rpm for 7 days. Fungal
biomass was separated from the medium with the
help of the Whatman filter paper. Fungal biomolecules
were extracted by washing the biomass several times
with sterile water to remove residual media
components. The biosynthesis of gold nanoparticles
was achieved using an Aspergillus terreus biomass
extract as a reducing agent. A 1 mM solution of
hydrogen tetra-chloroaurate(lll) was prepared in
deionized water Lodhi MS et al.'®>. The fungal extract
was added to 100 mL of 1 mM hydrogen
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tetrachloroaurate(lll) in a 500 mL beaker, with
continuous stirring, to synthesize gold nanoparticles.
Different concentrations of fungal biomass were used
to optimize the reaction until the desired wine-red
colour of the solution was achieved. The size range of
the resulting particles was 18+29 nm, as determined
by XRD, and 13+8 nm by TEM, respectively.

Culturing of the Cell Line: The HepG2 cell line was
maintained in the CRIMM department at the University
of Lahore. Thecancer cells were inoculated into a
DMEM medium and cultured at 37 °C in a 5% CO2
incubator. After 24 hours of culture, the bound cells
were examined under a phase-contrast microscope.
The cell line was further maintained in a CO2
incubator, and the DMEM medium was replaced
periodically.

MTT Assay: When cells reached 70-80% confluency,
they were trypsinized and harvested into a 96-well
plate at a density of 10,000 cells per well. Drug
dilutions (1-200 ug/mL) were applied after 24 hours of
cell culture. Then, 25 pL of MTT (5 mg/mL) was added
to measure cell viability via mitochondrial activity.
Formazan crystals were measured at 570 nm by an
ELISA plate reader.

Scratch Assay: HepG2 cells were grown in the
presence of DMEM supplemented with 10% FBS in a
6-well plate. An 80% to 90% confluency assay was
performed using a 10 uL tip, and the sample was
observed under a FLOID cell imaging station
microscope. The sample was then left for 0 hours and
48 hours for later estimation. No closure shows our
novel drug stops the proliferation of thecells. Statistical
analysis is accomplished utilizing SPSS. Version 17.0.
RNA extraction: RNA was isolated using TRIzol
reagent. HepG2 cells in Trizol were vortexed,
incubated, and then mixed with chloroform. The
mixture was centrifuged to separate the aqueous RNA
phase. RNA was precipitated with isopropanol,
pelleted by centrifugation, washed with 75% ethanol,
and air-dried. Finally, RNA was dissolved in 40 pl of
nuclease-free water for downstream applications.
cDNA synthesis: cDNA synthesis was performed using
the OneScript cDNA synthesis kit (cat. no. G236). The
synthesized cDNA was stored at -20°C or used
immediately for downstream applications. Quantitative
PCR (gPCR) was performed using SYBR Green 2X
gPCR Master Mix in a 10 pl reaction containing
master mix, forward and reverse primers (10 pM
each), template DNA (<500 ng), and nuclease-free
water. The cycling program included enzyme
activation at 95°C for 10 minutes, followed by one
cycle of denaturation at 95°C for 15 seconds and
annealing/extension at 60°C for 10 minutes. Fast
cycling was also employed, with 95°C for 3 seconds
and 60°C for 30 seconds. Reactions were prepared
on ice, thoroughly mixed, and run according to the
protocol.
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Step 'lt'ﬁ:-r;p(faa)- Time Cycles
Initial Enzyme Activation 95°C 10 minutes 1
Denaturation 95°C 15 seconds 1
Annealing/Extension 60°C 10 minutes 1
Fast Cycling Protocol 35
Denaturation 95°C 3 seconds Repeated
Annealing/Extension 60°C 30 seconds Repeated
Final Hold (if applicable) 4°C Indefinite 1

RESULTS

TEM analysis of the gold nanoparticles revealed their
size, shape, and distribution. The images showed that
the nanoparticles were predominantly rounded, with a
narrow size difference. The average nanoparticle
diameter was observed to be around 10 nm, with a
range of Y nm to Z nm. The nanoparticles were well-
dispersed without significant aggregation, indicating
stable colloidal dispersion. Additionally, the particles
exhibited a uniform surface morphology, with no
significant defects or irregularities observed in the
crystalline structure, as shown in Figure 1.

Figure 1: Showing results of the Nanoparticles
size 13 £ 8 nm

The MTT assay was performed to assess the viability
of HepG2 cells and determine the IC50 value following
treatment with varying concentrations of AuNPs for 48
hours. The IC50 value, representing the concentration
required to inhibit 50% of cell viability, was calculated
to evaluate the potency of AuNPs in suppressing
cellular activity. The nanoparticles exhibited an IC50
value of 47.02 ug/mL. (Figure 2)

Figure 2: Graphical representation of the IC 50
value of AuNp
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The calculated IC50 value is 47.02 pg/mL, indicating
that this concentration is required of inhibit HepG2
viability by 50%. IC 50 Calculations Y=0.235x+38.97
50=0.235x+38.95, 50-38.95=0.235x, 11.05=0.235,
X=11.05/0.235X=47.02uM

Microscopic analysis of wound healing, depicted in
Figure 3, shows wound healing in the control and
treated groups at 24 hours of treatment (A1-A2) and 0
hours (B1-B2) after 48 hours of treatment,
respectively. We see no closure of wounds, despite
describing the effects of AUNPs on wound healing.

Figure 3: Shows the difference in microscopic
analysis of wound healing structures in the HepG2
cell line, markedwith gold nanoparticles

The images illustrate the wound healing process after
48 hours. Panels A1 and B1 depict untreated cells,
while panels A2 and B2 show cells treated with the
IC50 dose.

RT PCR RESULT

These results validate that, after treatment with gold
nanoparticles (a), Bax is downregulated (-4.97) relative
to the control sample (-3.96). (b) LRP6 is
downregulated (-1.08) compared to theuntreated one
(0.9). (c) JAK1 is overexpressed (-0.3) as compared to
its control sample, which shows down-expression (-
0.45) (d) The gene NFKB1 shows down-regulation (-
5.32) relative to the control sample (-2.72). (e) MAPK1
overexpressed (6.27) as compared to its control
sample (1.54) (f) CAS9 is downregulated in the treated
one (-4.77) and upregulated in the control (-4.2). (g)
AKT is downregulatedin a treated sample of gold
nanoparticles (-0.66) and over-expressed in the
control (1.54) (h) BCL- XL shows downregulation in
the treated (-7.19) and upregulation in the control
sample (-6.1). (i) RAF is down-regulated (-4.36) as
compared to control one (-1.62).

DISCUSSION

Cancer is an abnormal growth of cells that tends to
proliferate in an uncontrolled manner and, in some
cases, to metastasize. Cancer is a leading cause of
death in economically developed as well as
underdeveloped countries®. In this study, we utilized
the HepG-2 cell line to evaluate the anticancer activity
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Figure 4: This graph shows the y-axis representing the ACT value of calibrated and Atest values, and the x

-axis indicates gene symbols
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of biologically synthesized gold nanoparticles. To date, factors™ AKT promotes cell survival by inhibiting

no study has assessed the potential anticancer activity
of biologically synthesized gold nanoparticles. The
MTT assay was performed, which showed an IC50 of
47.02 pg/mL. Real-time PCR was performed to
determine the expression levels of various genes,
including BAX, LRP6, JAK1 NFKB1, MAPK1, RAF,
CAS9, AKT, and BCL-XL®. JAK? and MAPK showed
differential expression in particular. (Figure 4)
Previous studies have demonstrated that various
cytokines and mediators play crucial roles in the
development, regulation, and progression of cancer,
with significant increases in their levels. Members of
the BCL-2 gene famlly are the most important
regulators of apoptosis'®. BAX is a pro-apoptotic gene
involved in the conserved apoptosis pathway, which
positively regulates cancer cell apoptosis. The purpose of
our study was to evaluate the expression of BCL XL
and BAX genes in predicting proliferation'’. Other
studies have also shown that the overexpression of
BCL-XL is responsible for the higher tumour sphere
formation capacity, and exposure to a BCL-XL-specific
inhibitor  therapy produces marked therapeutic
effects?.

In our study, mMRNA expression levels of BCL-2 and
BAX in the treated group were also compared with
those in the normal control group. Our results showed
that the expression levels of BCL-XL and BAX were
significantly lower in the treated group than in the
normal control, following a trend similar to that
observed in other studies. Akt is a serine/threonine
kinase that plays a central role in the pleiotropic control
of cell proliferation by insulin and most other growth
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apoptOS|s AKT1 is ampllfled or activated almost
ublqwtously in prostate cancer as well as many
different types of cancer'®'. Recent research has
uncovered substantial new insights into the role of Akt
signalling in prostate tumorigenesis. Upregulated Akt
serine/threonine kinase, one activity has been
observed in multiple tumor types such as brain, breast,
ovary, pancreatic and colorectal cancer'™. In our study,
we evaluated the downregulation of RAF and AKT
genes in treated groups compared to the control. It
has been shown that LRP6 is upregulated in a
subpopulation of humanbreast cancers'. Our findings
also showed a similar trend, i.e., downregulation in the
treated group. NF-kB regulates the expression of
genes involved in the development and progression of
cancer, including those related to proliferation,
migration, and apoptosis. Abnormal and persistent
activation of NF-kB has been demonstrated in
numerous human malignancies17 In our study, gold
nanoparticles reduced gene expression IeveIs in the
treated samples compared to the control™®. In this
study, we found that treatment with gold nanoparticles
improved the parameters of all changes in the
treatment groups'®. A wound-healing assay was also
performed to assess cancer cell invasion and motility,
of well of the inhibitory effects. Gold nanoparticles
exhibited inhibitory effects on the treated samples in
the scratch space, resulting in no cell prolrferatron

CONCLUSION

Gold nanoparticles (AuNPs) exhibit promising
anticancer activity and antiproliferative effects on the
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Hep-G2 cell line. Conjugation with drug-specific
ligands enhances the stability and targeted delivery of
these drugs to tumours. Biologically synthesized gold
nanoparticles (AuNPs) are environmentally friendly
and offer a viable alternative to lipid-based micelles.
Combined with medications such as AuNPs, it could
enable practical, sustainable cancer treatments.
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