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Abstract

Background: Hepatocellular carcinoma (HCC) is a leading cause of cancer-related mortality globally, particularly in
Asia. Limited treatment options highlight the needs for novel therapies. Alkyl-phospholipids (ALPs) offer a
promising alternative to traditional chemotherapy by targeting cell membrane integrity and signaling pathways
rather than DNA replication. Perifosine, a synthetic ALP, has shown cytotoxic effects in cancer cells, but its
mechanisms on cell cycle regulation in HCC require further investigation.

Methods: This /n vitro study evaluated the effects of perifosine on HepG2 liver cancer cells. Cytotoxicity of
perifosine was assessed using the MTT assay while applying various concentrations over 24-, 48-, and 72-hours
intervals. Gene expression analysis of cell cycle regulator genes (CCNA1, CCNA2, and CCND1) was conducted using
gRT-PCR after treating the HepG2 cancer cells with perifosine at IC25, IC50, and IC75 concentrations for 48 hours.
Results: Perifosine demonstrated time and dose dependent cytotoxicity, with increased cell death at higher
concentrations and prolonged exposure. Perifosine exposure imposed discrete expression modifications in CCNA1,
CCNA2 and CCNDI genes. Maximum de-regulation was observed for CNNA1 (8fold) and CCNA2 (-3.5fold) in
response to perifosine exposure.

Conclusion: Perifosine exhibited cytotoxic effects and imposed de-regulation in cell cycle related genes in liver

cancer cells.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a major global
concern and one of the major contributors to cancer-
related deaths across the globe with limited treatment
options. It is the most prevalent liver cancer subtype
and represents 75% of all cases of liver cancer.
According to GLOBOCAN estimates, liver cancer is
listed as the 6™ most prevalent types of cancer and is
the 3 most common cause of cancer mortality [1]. In
2020, 72.5% of all the reported liver cancer cases and
73.3% of liver cancer mortality were reported from
Asian countries [2]. HCC are typically treated with
chemotherapy and immunotherapy. Synthetic ALPs
present a promising alternative, potentially offering
targeted treatment with reduced toxicity and side
effects [3].

Cancer is a complex disorder characterized by
many genetic and molecular changes that promote
unchecked cell proliferation. Dysregulation of the cell
cycle, a strictly controlled precise mechanism that
ensures normal cell division and maintain genetic
integrity across cellular generations, is an
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important hallmark of cancer [4,5]. There are many
factors which regulate the cell cycle, but two
important key regulators are cyclins and cyclin-
dependent kinases (CDKs), which control the cell cycle
processes through its different phases. Tumor
proliferation is often caused by disruptions of the cell
cycle regulators, such as loss of CDK inhibitors or
overexpression of cyclins or CDKs [6]. In cancer, the
regulatory network can get disturbed, thus allowing
abnormal cell division to take place. For example,
overexpression of cyclins or CDKs might promote cell
cycle advancement despite the lack of stimuli for cell
growth. Conversely, failure in expression of CDK
inhibitors might interfere with key checkpoints,
allowing cancer cells to continue replicating [7].

Given the central role of the cell cycle in cancer
development, targeted therapeutic strategies are
being developed to exploit these dysregulated
pathways. Among these strategies are the alkyl-
phospholipids (ALPs). It is a novel class of anticancer
drugs which target the cell cycle. ALPs are synthetic
substances that structurally resemble natural
phospholipids but possess some alterations that give
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their anticancer qualities. Structural modifications in
various members of ALPs have generated new
compounds with reduced side-effects and high
specificity overtime. Contrary to conventional
chemotherapeutic drugs, which mainly target mitotic
spindle assembly or DNA replication, ALPs work by
interfering with signaling networks and cell membrane
integrity and cellular processes like apoptosis, cell
cycle regulation and signal transduction pathways [8].
This membrane-targeted mode of action is especially
interesting since it gets around some of the typical
defense’s tumors build up against DNA-damaging
agents. Perifosine belongs to 2" generation of ALPs
that have been produced over time and has unique
structural characteristics and therapeutic applications
[9].

The mechanistic hypotheses for ALPs share a common
factor: their presence in the cell membrane. One
hypothesis posits that ALPs alter membrane
particulate size and distribution [10]. Another
assumption suggests that ALPs cause biological and
physical  disruptions,  obstructing  phospholipid
metabolism, cell division, and associated signaling,
while promoting apoptosis through various pathways
[11]. Additionally, ALPs may integrate into the
membrane and undergo endocytosis via lipid rafts
with the help of the ATP-dependent enzyme Flippase,
contributing to cell lysis [12]. Perifosine works by
targeting the pleckstrin homology domain of Akt,
blocking its membrane translocation however clinical
validation is still needed to confirm this hypothesis
[13].

Among the cell cycle associated genes, there are
various members with discrete functions. CCNA1
(Cyclin Al) is involved in controlling the G1 and G2
checkpoints by associating with CDK2 and CDC2
kinases, thus facilitating the progression through
these phases. CCNA2 (Cyclin A2) activate CDK2
kinase and promotes the advancement of the cell
cycle, which drives the progression from the G1
phase to S phase and from G2 to M phase. Cyclin D1,
or CCND1, interacts with the Rb protein to control the
progression of the cell cycle and is necessary for
the transition from the G1 phase to S phase [14].
Alterations in either expression or structure of CCND1
are commonly observed in various neoplasia,
highlighting its role in cancer development. Studying
the effects of synthetic ALPs on hepatocellular
carcinoma cells, especially on cell cycle-relevant
genes, is of vital significance. The present study was
designed to understand the potential effects of
perifosine in HCC cells and corresponding implications
on cell cycle related genes.

Volume 1, Issue 1, 2024

METHODS

Cell Culture and Perifosine

HepG2 (a human liver cancer cell line) cells, obtained
from Center of Excellence in Molecular Biology
(CEMB), Punjab University, were grown in DMEM
medium containing 10% fetal bovine serum (FBS),
2mM L-glutamine, and antibiotics (100 pg/mi
streptomycin, 100 IU/ml penicillin) to inhibit microbes.
In 5% CO2 atmosphere cells were incubated at 37°C
passaged biweekly to ensure logarithmic growth. An
alkyl-phospholipid “Perifosine” was selected for the
study and was purchased from Sigma Company
(Sigma Aldrich, Cat#SML0612).

Cytotoxicity of Perifosine

To assess the toxic effects of this compound, the MTT
dye reduction assay was performed. In 96-well plates
HepG2 cells were seeded at 3000 cells per well and
were treated with perifosine at concentrations ranging
from 0.78-50 uM, and incubated for 24, 48, and 72
hours. After each interval, the MTT solution poured
into each well and incubation of 3 hours was given.
To resolve formazan crystals, 50ul of DMSO was add
to each well then optical density was recorded at
560/690 nm wavelength via ELISA reader. The
inhibitory concentration (IC) was calculated with
GraphPad Prism 6 software.

RNA Extraction and Reverse Transcription

In 6-well plates, HepG2 cells were seeded maintaining
150,000 cells per well for expressional analysis, each
plate was treated with IC25, IC50, and IC75
concentrations of perifosine for 48 hours, while the IC
values were calculated based on MTT assay results.
Utilizing the RNeasy Mini Kit (Qiagen, Cat# 74104),
RNA was extracted, and its concentration along with
purity were measured using Nanodrop ND2000
spectrophotometer. Complementary DNA (cDNA) was
prepared via RevertAid cDNA Synthesis Kit (Thermo-
Scientific, Cat#K1622) using final 200ng of RNA with
the following incubation conditions, annealing at 42°C
for 60 minutes, extension at 72°C for 5 minutes. For
validation of cDNA synthesis, PCR amplification was
performed using GAPDH.

Primer Desighing and Real Time PCR

Primers for the target genes were designed using the
sequences from NCBI database using Primer3Plus
software. The sequences of the CCNA1 primers were
5'-TAGACACCGGCACACTCAAG-3 (forward stand), 5'-
CTACCAGCATAGGGGAAACTGT-3 (reverse stand), with
312 bp amplicon size. For CCNA2, the sequences were
5'-CCTCCTTGGAAAGCAAACAG-3' (forward stand), and
the reverse was 5-TCAAGAGGGACCAATGGTTT-3’
(reverse stand), with 173 bp product size. For CCND1,
primer sequences were 5'-
GGGGGCGTAGCATCATAGTA-3'(forward), and 5
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GTGGTGGCACGTAAGACACA-3" (reverse stand), with
114 bp amplicon size. Expressional analysis was done
via real-time PCR using SYBR Green gPCR Master and
cDNA templates. The data was normalized using
housekeeping gene (HPRT). Livak method (2~AACT)
was employed to determine the relative expression of
genes.

RESULTS

Perifosine Mediated Cytotoxic Effects in Liver
Cancer Cells

HepG2 cells were exposed to varying concentrations
(0.75-50uM) of perifosine over 24, 48, and 72 hours.
Cytotoxic effects were evaluated using the MTT assay,
with results analyzed via GraphPad Prism 6. The
compound exhibited concentration- and time-
dependent cytotoxicity, with increasing concentrations
leading to greater toxicity (Figure 1). Furthermore, the
effects were more prominent over longer time
intervals (48 and 72 hours) as there were greater
inhibitory effects on the similar concentrations
applied. Thus, IC values decreased over time,
indicating enhanced cytotoxicity with prolonged
exposure. Perifosine was effective in reducing the
number of viable cells as shown by a steep decline in
the curve. IC values obtained after the selected time
intervals are shown in Table 1.

Expressional Analysis of Cell Cycle Genes

Expression levels of the three selected genes i.e.,
CCNA1, CCNA2 and CCND1 were identified in HepG2
cells by real-time PCR methodology. For this
purpose, the cells were exposed to perifosine
followed by cDNA synthesis. After normalization of
the data, fold changes were identified by 224¢T
method to compare the experimental (treated) and
control (untreated) groups. In response to perifosine

exposure, effects were not concentration dependent.
For the initial low concentrations of perifosine (IC25),
there was a slight inhibition (-1.5fold) of CCNA1
expression. In contrast, for higher concentrations of
perifosine i.e., IC50 and IC75, substantial induction
of CCNA1 expression was observed as shown by 4.7
and 8.6fold increase at mRNA levels (Figure 2). A
uniform response in expressional pattern of CCNA2
gene was observed when HepG2 cells were exposed
to the ALP. Selected compound induced negligible
change in expressional levels of CCNA2 gene at lower
concentrations (IC25) when compared to untreated
controls cells. In contrast, substantial inhibition was
observed at higher concentrations of the compounds
as shown in Figure 2. More specifically, perifosine
inhibited the expression of CCNA2 gene by -1.3 and -
3.4fold when the cells were exposed to ICso and ICrs
concentrations.

Perifosine induced the expression of CCND1 gene in
HepG2 cells in a concentration dependent format. A
uniform response in expressional pattern of CCND1
gene was observed when HepG2 cells were exposed
to perifosine. Tested compound induced minimal
changes in expressional levels of CCND1 gene at
lower concentrations (IC25) as shown by 1.2fold
induction. Higher concentrations of tested compound
substantially induced CCND1 gene expression in the
target cells as shown by a maximum 2.5fold induction
in response to the exposure. Interestingly, there were
almost no differences when fold changes were
compared for IC50 and IC75 concentrations of the
tested compound. This, in turn, shows a plateau stage
where HepG2 cells did not show further response to
the test compound as far as induction of CCND1 gene
is concerned. All in all, perifosine induced discrete
expression alterations in HepG2 cells.
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Figure 1: Perifosine induced substantial toxic effects in HepG2 cells as shown by a decline in growth response curves. The
effects were calculated by using MTT assay and results were analyzed by using GrapPad Prism v.6 software.
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Table 1: IC values of Perifosine against liver cancer cells (HepG2)

Perifosine IC25 IC50 IC75
24 h 1.9 uM 5.5 UM 16 UM
48 h 0.4 UM 1.5 uM 6.0 UM
72 h 0.5 UM 1.7 uM 6.0 UM
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Figure 2: Expressional changes in cell cycle related genes in response to exposure with Perifosine. Exposure with the selected
compound de-regulates the expression of genes in discrete fashion as determined by real-time PCR analysis.

DISCUSSION

ALPs have been utilized therapeutically since the mid-
twentieth century, with continual structural changes
to improve function. This study looked at cytostatic
and cytotoxic effects of perifosine in HepG2
cells derived from hepatocellular carcinoma. The exact
mechanism through which ALP's are cytotoxic for
cancer cells is not clear yet but ALPs are known for
blocking for phosphocholine in multiplying cells [15].
The current study was designed to demonstrate
insights about the potential effects of perifosine on
functional and molecular aspects of liver cancer cells
(HepG2).

Perifosine, a 2" generation ALP, has been shown to
suppresses cell survival and trigger apoptosis in
neoplastic lung cells by disrupting mTOR signaling and
promoting autophagy [16]. Perifosine has also shown
cytotoxic effects in cancer cell lines such as HepG2
causing cell cycle arrest and P21 upregulation,

Volume 1, Issue 1, 2024

triggering apoptosis via caspase and INK pathways
[17]. Cytotoxic effects of perifosine were highlighted
by using MTT assay strategy. Following the exposure
with compound, substantial inhibition of proliferation
was induced. Our results showed that the drug
concentration required to inhibit cell growth (IC
values) were higher for shorter incubation periods
(24h vs. 48h and 72h). Similar kind of growth
inhibitory effects of the test compound. For instance,
perifosine treatment led to a decrease in hepatoma
cell proliferation in a time and dose dependent
approach, as measured by the MTT assay [18].

Cancer cells possess multiple genetic defects, which is
consistent with the two-hit hypothesis. These cells can
be targeted by various mechanisms, as their growth
relies on cell division governed by the cell cycle.
Because cell growth depends on cell division
controlled by the cell cycle, checkpoints in the cycle
generally stop mitosis when errors such as DNA
damage occur. However, these checkpoints are
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impaired in cancer cells and lead to uncontrolled
proliferation. DNA damage response systems play a
key role in preventing cancer growth, for example, the
Mrel1-Rad50-Nbsl complex detects DNA double-
strand breaks and activates ATM kinase, which
phosphorylates CHK2, thereby stopping the G1
checkpoint to prevent cell division [18, 19].

The effects of Perifosine on the cell cycle were
evaluated by analyzing the expression of genes coding
for CCNA1, CCNA2, and CCND1, which regulate
different stages of the cell cycle. CCNA1 plays a key
role at the G1 and G2 checkpoints, where it interacts
with CDK2 and CDC2 kinases to facilitate the cell's
progression through these phases. HepG2 cells
treated with IC25, IC50, and IC75 concentrations of
perifosine showed altered expression of CCNA1,
CCNA2, and CCND1. Up regulation of CCNA1 suggests
a halt in the G1 or G2 phase of the cell cycle. The
downregulation of CCNA2 at all concentrations further
supports these cell cycle arrests. This inhibition aligns
with the role of cyclin A2 (CCNA2) in the regulation of
mitotic progression and its potential involvement in
cellular stress responses [20]. The concentration-
dependent inhibition observed in this study suggests
that the compound may affect mitotic progression or
induce cell cycle arrest, which could contribute to their
anti-cancer effects.

The expression of CCND1 was also influenced by
perifosine, with a noticeable increase at higher
concentrations. The CCND1 gene, encoding cyclin D1,
plays a pivotal role in regulating the transition from
G1 to S phase of the cell cycle. The observed minimal
changes at lower concentrations followed by
significant induction at higher concentrations suggest
a potential saturation point or maximum response
level for these compounds. This pattern is consistent
with the reported role of cyclin D1 in tumorigenesis
and its modulation in response to cytotoxic agents
[21]. Additionally, the 2.5-fold increase in CCND1
expression in IC50 and IC75-treated cells indicates a
halt specifically in the G1 phase, as CCND1 interacts
with the Rb protein to regulate this checkpoint.

The study demonstrated the anticancer potential of
synthetic ALP perifosine against HepG2 liver cancer
cells. The compound caused significant toxicity and
altered expression of key cell cycle genes, suggesting
its potential as antineoplastic and cytostatic agents.
These findings warrant further investigation to
explore perifosine effects in HCC cells, while including
additional /n vitro and /n vivo studies to support
future clinical evaluation. Provided with further
evidence, perifosine may be a new addition to
treatment modalities against liver cancer.
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