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Abstract 

Background: Breast cancer is the most diagnosed cancer among women worldwide and a leading cause of 
cancer-related mortality. It arises from the uncontrolled growth of cells in the breast tissue, most often in the ducts 

or lobules. Major risk factors include genetic predisposition, hormonal influences, increasing age, and lifestyle 
factors. Early detection through screening methods such as mammography significantly improves treatment 

outcomes and survival rates. Despite advances in diagnosis and therapy, breast cancer remains a major public 

health challenge globally. 
Methods: Breast cancer cells MCF-7 were cultured and treated with perifosine for further experiments. Cell 

viability was evaluated using the MTT assay. Nuclear morphology and apoptosis were assessed by DAPI staining. 
Cell migration was examined using scratch wound-healing assay. Gene expression analysis of selected genes was 

performed using real-time PCR. Data sets were compared between treated and untreated control groups. 
Results: Perifosine treatment significantly reduced cancer cell viability in a dose-dependent manner as determined 

by the MTT assay. DAPI staining revealed prominent apoptotic features including nuclear condensation and 

fragmentation in treated cells compared to untreated controls. The scratch assay demonstrated a marked inhibition 
of cell migration, indicating reduced metastatic potential following perifosine exposure. Furthermore, real-time PCR 

analysis showed altered expressions of apoptosis (Caspases, BAX, BCL2), proliferation (cyclins and cell cycle 
inhibiters), stress (GADD genes) and transcription factors (E2F) supportive pro-apoptotic and anti-proliferative 

effects of perifosine.  

Conclusion: The findings suggest that perifosine exhibits significant anticancer activity in vitro and require further 
investigations to explore clinical relevance. 
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INTRODUCTION  

 

Breast cancer is a common cancer among women 
worldwide. It is a major cause of cancer associated 

mortality [1]. When abnormal breast cells grow 
without cell cycle control, the cancerous mass 

develops and may spread to distant parts of the body 

[2]. Early detection and diagnosis are very important 
for the required survival and treatment outcomes [3]. 

Treatment of breast cancer depends on molecular 
type and stage of breast cancer [4]. Treatment may 

include surgical removal of the diseased tissue, use of 

chemotherapy, radiotherapy along with specific 
options like hormonal, targeted or immunotherapy [5, 

6]. Advances in targeted and personalized treatments 
have come up with improved outcomes. However, the 

strategies still cause psychological and physical side 
effects [7]. Furthermore, recurrence and resistance 

towards adopted therapy is also witnessed [8]. 

Currently, major challenges include limited access to 
healthcare, inadequate medical facilities, high 

treatment costs and limited outcomes [9]. Improving 
early detection, patient education and access to 

effective treatment are essential for reducing breast 

cancer mortality. Thus, along with developing new 
medicinal entities, repositioning existing molecules is 
effective domain to be explored [10]. 

Alkyl-phospholipids (APLs) are synthetic lipid 

analogues and have attracted considerable attention 
of the scientific community as potential anticancer 

molecules [11]. Unlike conventional chemotherapeutic 
agents, APLs interfere with the cell membrane content 

and lipid metabolism [12]. This leads to inhibition of 
the tumor cell proliferation followed by antitumor 

effects [13]. On cell level, APLs alter signaling 

pathways required for cell proliferation, survival and 
cell membrane mediated enzyme activity [14]. These 

effects of APLs are tumor cell specific and show 
selectivity toward rapidly proliferating cancer cells 

[15]. APLs have demonstrated anticancer effects 

against different tumor types including breast, 
leukemia, prostate and colorectal in preclinical in vitro 

and in vivo investigations [16-19]. However, 
therapeutic applications of the different classes of the 

APLs have demonstrated limited and variable efficacy 

and toxicity [20]. To explore this class of molecules as 
anticancer medicines, further research is required to 

clarify the specific impact of different members of this 
group.  

Perifosine is the second-generation molecule of APLs, 
oral antitumor agent and has been investigated for 

potential anticancer activity [21]. Perifosine affects 
cell signaling primarily by inhibiting Akt (protein kinase 

B) which is an important member of the PI3K/Akt 
pathway [22]. PI3K/Akt pathway regulates key 

functions including cell proliferation, metabolism, 

survival and apoptosis [23]. By targeting Akt 

signaling, perifosine suppress the tumor cell growth 

and induce apoptosis [24]. It is further noted that this 
molecule can enhance the sensitivity of cancer cells 

towards other anticancer agents, when used in 
combination [25]. In vitro studies have shown its 

activity against different types of cancer like multiple 

myeloma, leukemia and solid tumors [26-28]. 
Although clinical studies have demonstrated variable 

efficacy of perifosine, it is still an important 
therapeutic candidate particularly for tumorous where 
PI3K/Akt signaling is dysregulated. 

Purpose of this study was to investigate anticancer 

effects of perifosine against breast cancer cells in the 
preclinical setting. Effects on breast cancer cell 

viability, proliferation, apoptosis and related genetic 

profiles were investigated. Overall objective was to 
determine potential of perifosine as a therapeutic 

agent against breast cancer and provide evidence 
supporting further investigation as targeted anticancer 
treatment. 

METHODS 

 
Cell Cultures 

Human breast cancer cell line (MCF-7) was cultured 
under standard in vitro required culture conditions. 

The cells were maintained in appropriate complete 

growth medium (RPMI-1640) supplemented with fetal 
bovine serum (10% by volume) and antibiotics 

(streptomycin and penicillin). The cells were incubated 
at 37°C in humidified atmosphere supplied with 5% 

CO₂. The cultures were regularly monitored for cell 

growth and were sub-cultured when reached 70-80% 
confluency. For experimental needs, the cells in 

logarithmic growth phase were obtained and seeded 
as per required density.  

 
Cytotoxicity Assay  

Cell viability was monitored using MTT assay based on 

the ability of viable cells to reduce yellow MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 

into insoluble purple formazan crystals. Briefly, the 
breast cancer cells were seeded in 96-well plates at 

density of 5000 cells/100 µl/well and allowed to 

adhere before treatment with different concentrations 
of perifosine (1, 2, 4, 8, 16, 32 µM) for the selected 

incubation period (48 hours). MTT solution was then 
added to each well (10 µl/well) and incubated to allow 

formazan crystals formation. The resulting crystals 

were dissolved using an appropriate solubilizing 
solution (DMSO) and absorbance was measured at 

570 nm using a microplate reader. Cell viability was 
expressed as a percentage of the untreated control. 

The experiment was performed in four replicates for 
each group.  
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Nuclear Staining  

DAPI (4′,6-diamidino-2-phenylindole) staining was 

performed to evaluate nuclear morphological changes 
associated with apoptosis in breast cancer cells 

following perifosine treatment. Cells were seeded 
(50000 cells/1000 µl) in each well of 24 well culture 

plate.  Cells were treated with desired concentrations 

of perifosine (10 µM) for specified incubation period 
(48 hours). After treatment, cells were washed with 

phosphate-buffered saline (PBS), fixed with an 
appropriate fixative (cold 70% ethanol), and stained 

with DAPI solution in the dark. DAPI binds to DNA and 

produces blue fluorescence, allowing visualization of 
nuclear morphology. The stained cells were examined 

using the fluorescence microscope (EVOS, Life 
Technologies) and apoptotic features such as 

chromatin condensation, nuclear fragmentation and 
formation of apoptotic bodies were assessed and 

compared with untreated control cells. 

 
Migration Assay (Scratch Assay) 

The wound-healing scratch assay was performed to 
evaluate the effect of perifosine on the migratory 

ability of breast cancer cells. Briefly, cells were seeded 

in 24 well culture plates (100000 cells/1000 µl/well) 
and grown to form a nearly confluent monolayer. A 

straight scratch was gently created across the cell 
monolayer using a sterile 200 µl pipette tip, followed 

by washing with PBS to remove detached cells. Fresh 
culture medium containing indicated concentrations of 

perifosine was then added (10 µM). Images of the 

scratched areas were captured at 0 hours and at 
selected time points (24 hours) using an inverted 

microscope (EVOS, Life Technologies).  

The percentage of wound closure was determined by 

measuring the scratch area at each time point and 

comparing it with untreated control. Reduced wound 
closure in perifosine-treated cells was considered 

indicative of inhibited cell migration. 
 

Expression Analysis (Real time PCR) 

Primers for the selected target genes related to 
apoptosis (Caspases, BAX, BCL2), cell cycle (cyclins 

and cell cycle inhibiters), cell stress (GADD genes) and 
transcription factors (E2F) were designed using 

Primer3 software (Table 1). Primer specificity was 

confirmed using sequence database analysis. The 
primers were optimized by performing gradient PCR to 

determine the appropriate annealing temperature and 
amplification conditions, and PCR products were 

evaluated by agarose gel electrophoresis (data not 
shown here). For gene expression analysis, the cells 

were seeded (100000 cells/1000 µl) in each well of 12 

well culture plates and were treated with desired 
concentrations of perifosine (10 µM) for the specified 

incubation period (48 hours). Afterwards, total RNA 
was extracted from control and perifosine-treated 

breast cancer cells and converted into complementary 

DNA using a reverse-transcription system (RevertAid 
First Strand, Thermo Scientific). Quantitative real-time 

PCR (qRT-PCR) was performed using gene-specific 
primers, master mix (SYBR Green, Thermo Scientific) 

along with a suitable housekeeping gene (HPRT1) 
used as internal reference. Relative gene expression 

was calculated using the comparative 2⁻ΔΔCt method, 

and changes in expression between treated and 
control groups were analyzed. 

 
Table 1. Primer sequences used for the amplification of target genes in this study. 

Genes Category Forward Primer Reverse Primer 

BAX 

Apoptosis 

TCTGACGGCAACTTCAACTG GGAGGAAGTCCAATGTCCAG 

BCL2 GCCCTGTGGATGACTGAGTA CGTACAGTTCCACAAAGGCA 

CASP3 GAGGCCGACTTCTTGTATGC AGCGTCAAAGGAAAAGGACT 

CASP7 TTCCACGGTTCCAGGCTATT AGTTCCTTGGTGAGCATGGA 

CASP9 GAAAATGGTGCTGGCTTTGC TCTTTCTGCTCCCCACCAC 

E2F1 

Transcription 
and Stress 

GGGCTCTAACTGCACTTTCG AGAAGTGCTCTCACCGTCCT 

E2F6 TGCCTTCGCCATGAATCCTT GGAGCCCATTCCTACATTCTCA 

GADD34 GAGACTCCCCTAAAGGCCAG GGGGCTAAAGGTGGGTTCC 

GADD45A AACGGTGATGGCATCTGAAT CCCTTGGCATCAGTTTCTGT 

GADD153 TCTTGACCCTGCTTCTCTGG GCTGTGCCACTTTCCTTTCA 

CCND1 

Cell Cycle 

GGGGGCGTAGCATCATAGTA GTGGTGGCACGTAAGACACA 

CCND2 GTCTCAAAGCTTGCCAGGAG ATATCCCGCACGTCTGTAGG 

CDKN1A GCTTCATGCCAGCTACTTCC CTGTGCTCACTTCAGGGTCA 

CDKN1B CCGGCTAACTCTGAGGACAC TGCAGGTCGCTTCCTTATTC 

CDKN2B GACCGGGAATAACCTTCCAT AAACCCTGAAAAGCAAACGA 



 

Volume 3, Issue 1, 2026                                                                                                        Cancer Research and Medicine 

RESULTS 

 

Cytotoxic Effects of Perifosine  
Cell viability, expressed as percentage of untreated 

control, showed almost a concentration-dependent 
response towards increasing treatment concentrations 

(1-32 µM) of perifosine. The untreated group (0 µM) 

viability was set to 100%, providing the reference 
level. At the lower concentrations (1-2 µM), viability 

increased slightly reaching approximately up to 110%. 
This modest increase suggests that low dose exposure 

produced a slight stimulatory response. A decline in 

viability became apparent as concentration increased 
beyond 2 µM. At 4 µM, viability decreased to 

approximately 87%, representing a reduction of about 
13% relative to untreated control. A similar response 

was observed at 8-32 µM, where viability declined 
maximally to 66%, representing a reduction of about 

34% relative to untreated control. Overall, the results 

demonstrate biphasic concentration-response pattern. 
Treatment at 1–2 µM was associated with slightly 

higher viability than the untreated control, whereas 
concentrations of 4-32 µM progressively reduced cell 

viability, with the strongest apparent effect occurring 

at 16 µM. The error bars indicate variability around 
the mean values, with relatively greater variability 

observed at 2, 4, 8, and 32 µM (Figure 1). 
 

Apoptotic Effects of Perifosine 
DAPI staining revealed differences in nuclear 

appearance and cell density between the control and 

perifosine treated group. In control field, numerous 
DAPI-positive nuclei were distributed throughout the 

image, with relatively high cellular density and 
predominantly rounded to oval nuclear profiles. Nuclei 

generally appeared comparatively uniform, consistent 

with preservation of nuclear morphology in untreated 
cells. In contrast, cells exposed to perifosine displayed 

an evident reduction in the number/density of DAPI-
positive nuclei within the representative microscopic 

field. The treated cells were more sparsely distributed, 

with larger cell-free areas separating individual cells 
and clusters. In addition to this reduction in apparent 

cell density, the treated field showed greater 
heterogeneity in nuclear morphology. Several nuclei 

appeared more intensely condensed and were present 
in compact clusters, features that can be consistent 

with chromatin condensation and nuclear alterations 

associated with apoptotic cell death. Qualitatively, the 
control field therefore exhibited a dense and relatively 

uniform nuclear distribution, whereas perifosine 
treatment resulted in more heterogeneous nuclear 

patterns. These observations are consistent with the 

preceding viability and apoptosis-related findings, 
suggesting that exposure to perifosine adversely 

affected cell survival and altered nuclear morphology. 
However, an exact percentage reduction in cell 

number or increase in apoptotic nuclei cannot be 

calculated reliably from the presented images alone. 

Overall, staining provides qualitative morphological 
evidence that perifosine reduces apparent cell density 

and is associated with nuclear changes compatible 
with apoptosis compared with untreated control cells 

(Figure 2). 

 
Antimigratory Effects of Perifosine 

The wound-healing/scratch assay demonstrated a 
clear reduction in cell migration following treatment 

with perifosine compared with the untreated control 

over the 24 hours period. At 0 hours, both groups 
displayed a well-defined cell-free scratch region of 

broadly comparable appearance, providing baseline 
for assessment of subsequent wound closure. After 24 

hours, control cells showed substantial migration into 
the scratched area, resulting in visible narrowing of 

the wound. In contrast, the perifosine-treated cultures 

retained considerably wider cell-free region, indicating 
impaired migration and reduced wound closure. 

Quantitative analysis supported microscopic 
observations. At 24 hours, the relative covered area 

was approximately 45% in control group, compared 

with only ~25% in cells treated with perifosine. Thus, 
the treatment produced an absolute reduction of 

approximately additional 20 percentage in the covered 
area. Relative to the control, this corresponds to an 

approximately 45% reduction in the wound 
coverage/migratory response. The error bars indicate 

variability between measurements, but the separation 

between the two groups remained pronounced. 
Importantly, the bracket and single asterisk (*) above 

the two groups indicate that the difference between 
control and perifosine-treated cells was statistically 

significant. The quantitative difference is consistent 

with the representative microscopy images, in which 
control cells migrated substantially farther into the 

initially cell-free region than perifosine-treated cells 
during the 24 hours period. Overall, these findings 

demonstrate that perifosine significantly inhibited 

wound closure over 24 hours, with the covered area 
decreasing from approximately 45% in controls to 

25% following treatment. Collectively, the results are 
consistent with a marked inhibitory effect of perifosine 

on cellular migratory capacity under the conditions of 
the assay (Figure 3). 

 

Expression Changes Induced by Perifosine  
To figure out effects of perifosine exposure on 

expressional levels of genes, transcriptomic data was 
measured via real time PCR method. Treatment with 

perifosine produced marked alterations in the genes 

associated with apoptosis, cellular stress responses, 
and cell-cycle regulation compared with the control. 

Control values were set to 1 as base level 1.0%,  
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whereas perifosine exposure produced substantial 

target-dependent up- or down-regulation in the 

genes. For apoptosis-associated genes, perifosine 
increased the relative expression of CASP3, CASP7, 

CASP9, and BAX while markedly decreasing BCL2. 
CASP3 increased modestly to 1.4fold, whereas CASP7 

exhibited a more prominent increase reaching 2.6fold. 

CASP9 increased to approximately 2.0%, while the 
pro-apoptotic BAX gene increased to 2.1fold. In 

contrast, BCL2 showed a pronounced decrease to 
approximately 3fold. Collectively, the simultaneous 

elevation of caspases and BAX and reduction of BCL2 

demonstrates a clear shift in the measured genetic 
profile toward pro-apoptotic signaling following 

perifosine exposure. Perifosine also altered genes 
involved in cellular stress and growth regulation. 

GADD34 showed a prominent increase of ~3fold, 
while GADD153 increased to 2.5fold. Conversely, 

GADD45A decreased to approximately ~1fold.       

E2F transcription factors also displayed negative 

responses, with E2F1 and E2F6 decreasing to 

approximately 1.1fold. Pronounced changes were 
observed among the cell-cycle regulatory genes. The 

cyclin CCND1 and CCND2 decreased to ~1.1 and 
~3fold, respectively. In contrast, the cyclin-dependent 

kinase inhibitor CDKN1A exhibited positive response 

and induced by 3.5fold. CDKN1B showed a moderate 
increase to 1.5fold, while CDKN2B increased to 

approximately 1.8fold. Opposing changes in cyclins 
and cyclin-dependent kinase inhibitors are consistent 

with suppression of cell-cycle progression. Taken 

together, observed expression pattern is consistent 
with a coordinated response involving enhanced 

apoptotic signaling, activation of stress-associated 
pathways, and inhibition of cell-cycle progression 

following treatment with perifosine (Figure 4). 

 

 
Figure 1. Effect of perifosine treatment on cell viability. Cell viability was assessed following exposure to increasing 
concentrations (1-32 µM) of the tested compound. Percentage viability showed a modest increase at lower concentrations (1-2 
µM) followed by concentration-dependent decline at higher concentrations. Bars represent mean percentage cell viability, and 
error bars indicate variability among measurements. 

 

 
Figure 2. DAPI staining of control and perifosine treated cells. Representative fluorescence micrographs showing DAPI-stained 
nuclei (blue) in untreated control cells and cells treated with perifosine. Compared with the densely distributed nuclei observed 
in the control group, perifosine-treated cells exhibited an apparent reduction in cell density together with alterations in nuclear 
morphology, including nuclear condensation and clustering.  
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Figure 3. Perifosine inhibits cell migration in wound-healing assay. Representative phase-contrast images of untreated control 
cells and cells treated with perifosine at 0 and 24 h following scratch formation. At 24 hours, control cells showed greater 
migration into the scratched area, whereas perifosine-treated cells exhibited reduced wound closure. Quantification of the 
relatively covered area demonstrated significant reduction in cell migration following perifosine treatment compared with the 
control group (P < 0.05). Bars represent mean values with error bars indicating variability among measurements. 

 

 
Figure 4. Effect of perifosine treatment on the relative expression of apoptosis, stress and cell cycle associated genes. Values 
are presented as relative fold changes as compared to untreated controls and were calculated by using Livak method. Perifosine 
increased the relative expression of pro-apoptotic and stress-associated markers, including CASP3, CASP7, CASP9, BAX, 
GADD34, and GADD153, while BCL2, GADD45A, E2F1, and E2F6 showed reductions relative to the control. Among cell-cycle-
associated markers, CDKN1A, CDKN1B, and CDKN2B increased, whereas CCND1 and CCND2 decreased following perifosine 
treatment.  
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DISCUSSION 

 

Objective of study was to identify the antineoplastic 
effects of perifosine against the breast cancer cells at 

functional and molecular levels. The present findings 
indicate that perifosine produces concentration 

dependent reduction in cellular metabolic viability, 

although the response was not strictly monotonic 
across entire concentration range. Relative viability 

was set to 100% in untreated cells and declined 
maximally to 66% at 16 µM concentration. Thus, the 

principal biological effect becomes apparent above 2 

µM, with the largest loss of viability occurring at 16-32 
µM. Studies have demonstrated concentration and 

time-dependent inhibition of tumor-cell growth 
following perifosine exposure. For example, prostate 

cancer PC-3 cells showed progressively reduced 
viability with increasing perifosine concentrations 

between 1 and 20 µM, while hepatocellular carcinoma 

models similarly demonstrated time- and dose-
dependent reductions in the proliferation following 

treatment with 5-40 µM perifosine [29, 30]. The 
decline observed here up to 66% at 16 µM therefore 

agrees with the general expectation that increasing 

perifosine exposure eventually compromises cancer-
cell survival. 

DAPI-staining results provided morphological evidence 

that exposure to perifosine alters nuclear organization 

and reduces the apparent density of cells compared 
with the untreated control. Control cultures contained 

numerous, relatively uniformly distributed DAPI-
positive nuclei, whereas the perifosine-treated field 

contains fewer nuclei, larger cell-free regions, and 
more heterogeneous nuclear appearances. Some 

nuclei treated appeared more intensely condensed 

and clustered. Because chromatin condensation, 
nuclear shrinkage, and subsequent fragmentation are 

characteristic morphological features of apoptosis, 
these observations are consistent with an increase in 

apoptotic cell death following perifosine treatment. In 

hepatocellular carcinoma cells, treatment with 
perifosine produced similar characteristic DAPI-

detectable apoptotic nuclear changes, including 
apoptotic-body formation, whereas untreated cells 

lacked evident apoptotic morphology. The same study 

demonstrated increased apoptosis by Annexin V/PI 
analysis together with activation of caspase-3 and 

caspase-9, supporting the interpretation that the 
nuclear alterations were associated with apoptotic cell 

death rather than being nonspecific morphological 
changes [30]. Nuclear alterations observed here could 

represent a downstream morphological consequence 

of disrupted pro-survival signaling. The apparent 
reduction in the number of DAPI-positive nuclei in the 

perifosine-treated field is also biologically relevant. 
This could reflect decreased proliferation, increased 

cell death and subsequent loss of cells during 

processing, or a combination of these mechanisms.  

The scratch assay demonstrated that perifosine 
markedly suppresses wound closure over 24 hours. 

Although the control and treated cultures displayed 
broadly comparable cell-free gaps at 0 hours, a clear 

divergence was evident after 24 hours. Control cells 

migrated substantially into the scratched region, 
whereas a considerably wider gap persisted in the 

perifosine-treated cultures. Quantification data 
confirmed this observation, with covered area 

reaching approximately ~45% in the control but only 

~25% following perifosine treatment. This 
corresponds to ~45% lower coverage relative to 

control. Importantly, the asterisk shown in the figure 
indicates that this reduction was statistically 

significant (P < 0.05). This inhibitory effect is broadly 
consistent with the established importance of 

PI3K/Akt pathway in cellular migration. Akt signaling 

contributes to cytoskeletal organization, cell survival, 
proliferation, and migratory behavior. Conversely, 

pharmacological interference with this pathway can 
suppress migration [31]. The present findings are 

particularly relevant because perifosine is a known 

Akt-pathway inhibitor. Published experiments have 
used perifosine specifically to interrogate Akt-

dependent migratory responses [32]. Together, these 
observations are directionally consistent with the 

substantially reduced wound coverage observed in the 
present experiment. The magnitude of the effect is 

noteworthy as 10 µM of perifosine substantially 

compromises the processes contributing to closure of 
the artificial wound. From an oncological perspective, 

inhibition of these processes could be important 
because enhanced cellular motility is fundamental 

component of tumor invasion and metastatic 

dissemination. Thus, the current result suggests that 
the biological effects of perifosine may extend beyond 

suppression of cell viability to include inhibition of a 
phenotype associated with tumor-cell movement. 

However, reduction in the covered area cannot 

automatically be interpreted as a purely anti-migratory 
effect. A part of the reduced wound closure may arise 

from decreased proliferation or increased cell loss 
rather than impaired migration alone.  

Functional changes at cell level are accompanied by 
expressional changes at genes levels. The present 

expression profile suggests that perifosine induced 

coordinated shift from proliferative/survival signaling 
toward cell cycle inhibition, cellular stress, and 

apoptosis. Three complementary patterns were 
evident: increased pro-apoptotic markers (CASP3, 

CASP7, CASP9 and BAX) with decreased BCL2; 

induction of stress-associated GADD34 and GADD153 
with suppression of GADD45A, E2F1 and E2F6; and 

reduced CCND1/CCND2 accompanied by increased 
CDKN1A, CDKN1B and CDKN2B. Taken together, 

these changes are biologically consistent with the 
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known antiproliferative actions of perifosine. Apoptosis 

panel provided one of the clearest indications of a 

shift toward a pro-death phenotype. Perifosine 
increased CASP3 to ~1.5, CASP7 to ~2.6 and CASP9 

to ~2, while BAX increased to ~2.1fold. Conversely, 
BCL2 showed pronounced decrease to approximately 

3fold. The opposing behavior of BAX and BCL2 is 

particularly relevant because the balance between 
pro-apoptotic and anti-apoptotic BCL2-family signaling 

is important determinant of mitochondrial apoptotic 
susceptibility. The accompanying increases in initiator 

caspase-9 and executioner caspases-3/7 further 

support an apoptosis-associated response. In 
hepatocellular carcinoma cells, perifosine inhibited Akt 

phosphorylation and induced apoptosis accompanied 
by caspase-9 and caspase-3 activation, increased BAX 

and altered BCL-2 associated signaling [33]. Similarly, 
medulloblastoma cells treated with perifosine showed 

cleavage of caspase-9, caspase-7 and caspase-3, 

providing a particularly close match to the caspase 
pattern observed in this study [34]. 

An equally striking pattern was evident in the cell-

cycle panel genes. The proliferative cyclins CCND1 

and CCND2 decreased to 1.1 and 3fold, respectively, 
whereas cyclin-dependent kinase inhibitors CDKN1A, 

CDKN1B and CDKN2B increased. CDKN1A showed the 
highest increase, reaching approximately 3.5fold 

followed by CDKN2B and CDKN1B with 1.8 and 1.5fold 

induction in response to perifosine exposure. This 
reciprocal pattern strongly suggests suppression of 

molecular machinery that normally supports cell-cycle 
progression. This particularly strong induction of 

CDKN1A is in agreement with the known effects of 
perifosine in literature. Perifosine has previously been 

shown to induce CDKN1A and produces cell-cycle 

arrest at the G1/S and G2/M boundaries. Importantly, 
experimental loss of CDKN1A prevented perifosine-

mediated cell-cycle arrest in some models, indicating 
that CDKN1A can be a functional mediator rather than 

merely a secondary marker [35]. The reduction in 

CCND1 is also mechanistically plausible in the context 
of Akt inhibition. Akt contributes to cell proliferation 

through several downstream regulators, including 
cyclin D1 and CDKN1A. Published hepatocellular 

carcinoma experiments have shown that perifosine-

mediated inhibition of Akt is associated with altered 
cyclin expression, increased CDKN1A and cell-cycle 

arrest. Thus, the current combination of reduced 
cyclin D-family signals and increased CDK inhibitors is 
consistent with an antiproliferative state [36]. 

The GADD/E2F panel adds evidence that perifosine 

exposure produces a broader cellular stress response 
rather than affecting apoptosis alone. GADD34 

increased to approximately 3fold, while GADD153 
increased to approximately 2.5fold. GADD153, 

commonly referred to as CHOP, is strongly associated 

with cellular stress responses and can participate in 

pro-apoptotic signaling when stress becomes 

prolonged or unresolved [37]. Consequently, its 

elevation alongside increased caspases and reduced 
BCL2 provides a link between cellular stress and 

subsequent apoptotic commitment. Conversely, E2F1 
and E2F6 expressions decreased to 1.1fold, while 

GADD45A also declined to around ~1fold. The 

suppression of E2F-associated signals is compatible 
with the broader reduction in proliferative activity 

suggested by the cyclin/CDK-inhibitor profile. The 
decrease in GADD45A despite increases in GADD34 

and GADD153 is important because it demonstrates 

that perifosine is not producing uniform activation of 
all stress-response genes. Rather, individual stress 

pathways appear to be differentially regulated. Such 
heterogeneity is biologically important given that 

perifosine has multiple cellular consequences and that 
its mechanism varies among tumor types.  

CONCLUSION 

Taken together, findings demonstrate that perifosine 

exerts coordinated antiproliferative, pro-apoptotic, and 
anti-migratory effects, supporting a multifaceted 

mechanism of action rather than an isolated effect on 
cell viability. The concentration-dependent decline in 

metabolic viability at higher perifosine concentrations 
was accompanied by DAPI-detectable nuclear 

alterations consistent with apoptotic morphology and 

a significant reduction in wound closure. At molecular 
level, increased CASP3, CASP7, CASP9, and BAX 

together with decreased BCL2 indicate a shift toward 
pro-apoptotic signaling, while suppression of CCND1 

and CCND2 and increased CDKN1A, CDKN1B, and 

CDKN2B are consistent with inhibition of cell-cycle 
progression. Concurrent alterations in GADD and E2F 

genes further suggest engagement of cellular stress 
and growth-regulatory pathways. Collectively, these 

observations are broadly consistent with previous 
literature describing perifosine as an inhibitor of Akt-

associated survival signaling capable of promoting 

cell-cycle arrest and apoptosis in cancer cells. 
Convergence of viability, morphological, migratory, 

and molecular findings provide complementary 
evidence that perifosine disrupts several processes 

required for cancer-cell persistence and progression. 

Nevertheless, additional validations are required for 
confirming the proposed mechanisms and establishing 

the broader therapeutic significance of these findings. 
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