
 

 

392 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 2, 2021 

DOI: 10.6919/ICJE.202102_7(2).0052 

Potential Modification of PTEN after α-Spinasterol Treatment and 
its Tumor Suppressing Effects in Ovarian Cancer Cell Lines 

Weiqi Xiao 

Chemical and Biological Engineering, Western University, London N6A 3K7, Canada. 

 

Abstract 

The treatment of α-spinasterol was known to induce a regulation of several cancer 
related genes (i.e. p53 and Bax), which is known as a tumor suppression gene. However, 
whether this treatment will induce regulation of some other cancer-related gene, such 
as PTEN gene, which is known as another tumor suppressor genes in ovarian cells. 
Therefore, this experiment first confirmed the the potential suppression of the growth 
of ovarian tumor cells by α-spinasterol treatment through comparison of the viability of 
the cells before and after the treatment using cytotoxicity test, such as modified 3-(4, 5-
dimethylthiazol-2-yl)-2, 5 diphenyl tetrazolium bromide (MTT) assay and propidium 
iodide (PI)/Annexin V FACS, and further tested the potential regulation of PTEN after α-
spinasterol treatment by measuring and comparing the expression level of PTEN after 
the treatment with different concentrations of α-spinasterol using Western Blot. The 
potential results of this experiment will be: a. α-spinasterol treatment will not induce 
regulation of PTEN. b. α-spinasterol treatment will induce upregulation of PTEN. c. α-
spinasterol treatment will induce downregulation of PTEN. And our expected result will 
be, a potential overexpression of PTEN induced by α-spinasterol treatment, which might 
contribute to the tumor suppressing effects of α-spinasterol treatment. However, direct 
genetic modification on PTEN genes is required for further confirmation of this 
relationship. This experiment might facilitate the further understanding of the α-
spinasterol treatment in cancer suppression by providing a new potential tumor 
suppression gene regulated by this treatment. 
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1. Introduction 

Ovarian cancer, which includes low-grade epithelial cancer to high-grade germ-cell cancer, has 

become a severe problem in developed countries [1]. As with types of cancers, ovarian cancer is 

caused by a disruption of normal molecular pathways regulating cell proliferation and cell death, 

which can be a result of mutations in one or some of the relevant genes (i.e. the overexpression of 

oncogenes or the suppression of tumor suppressor genes) [2, 3]. Several molecular studies have been 

done to identify these mutations and the mechanism of the cancer-inducing processes in the molecular 

level, which provides instructions in ovarian cancer prevention and the possible treatments. In Nada 

and Zaynab articles, the mechanism of a possible treatment, α-spinasterol, a biological active 

phytosterol found in the extract of an edible mushroom, G. resinaceum, has been examined, which 

shows both upregulation of cancer suppressor genes (Bax, p53, which repress the tumor proliferation 

and induce cell apoptosis respectively) and downregulation of genes which showed to stimulate cell 

proliferation (cdk4 and cdk6) in ovarian cancer cells after the treatment of α-spinasterol [4]. However, 

whether the treatment will induce the modification of some other cancer-related genes, such as PTEN, 

another tumor suppressor gene [2, 3], has not been identified in this article. 
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PTEN gene, which has been identified as a tumor suppressor gene [1, 3, 5], encodes the catalytic 

regions of tyrosine phosphatase, which dephosphorylates PIP3 [Phosphatidylinositol (3,4,5)-

trisphosphate] and participates in the Akt/PKB signaling pathway [5, 6]. One of the downstream 

molecules of this pathway, integrin, was shown to participate in the regulation of tumor cell growth 

through regulation of cell-cell interaction, cell mobility and cell adhesion [5]. Based on these results, 

if the α-spinasterol does result in the modification in PTEN expression, it might also affect the cell 

number of ovarian cells. 

Therefore, PTEN is hypothesized to be upregulated by α-spinasterol treatment, which also facilitates 

the inhibition of the growth of ovarian cancer cells. This will be tested by comparing the cell number 

of ovarian cells after the treatment with different concentrations of α-spinasterol.  

2. Materials and Methods 

2.1 Collection of mushrooms 

The mushrooms used in this experiment for making α-spinasterol solution are the same as the ones 

used in Nada and Zaynab’s experiment, which will be collected from living Ficus tree from Egypt 

[4]. 

2.2 Cultivation of fungal cells 

Slices of G. resinaceum will be cut from the basidiocarps of the mushrooms and sterilized with 5% 

sodium hypochlorite. Potato dextrose agar (PDA) will be made by dissolving 200g potato and 20g 

glucose in 1 liter of distilled water and mixing this homogeneous solution with 20g agar. The slices 

of G. resinaceum will be put on the plates containing PDA for cultivation at room temperature for 21 

days [4]. 

2.3 Preparation of extract of resinaceum and isolation of α-spinasterol 

Fungal strains incubated in the PDA plates above will be isolated and smashed. The mixture then 

underwent filtration, using EtOAc for isolation of organic compounds from the mixture into organic 

layers. The layer will be then mixed with sodium sulfate and underwent evaporation to obtain the 

final extract [4]. 

As shown in Nada and Zaynab’s experiment, some cancer cells barely reacted after the treatment of 

mushroom extract and dead after the treatment of pure α-spinasterol [4]. Therefore, α-spinasterol will 

then be separated from this extract for further experiments using thin-layer chromatography, which 

will use silica gel as a stationary phase and the mixture of 100% petroleum ether, 10% water and 1% 

HOAc EtOAc as a mobile phase. Based on Nada and Zaynab’s experiment, α-spinasterol will be the 

major compounds left in the extract after vacuum evaporation [4]. 

2.4 Cultivation of cancer cells 

Same SKOV3 cell lines will be used in this experiment as those used in Nada and Zaynab’s 

experiment, purchased from American type culture collection and cultivated in Egypt. Cells will be 

incubated in 90% SuperCult® EMEM and 10% PremSera® FBS at 37℃ under 5% CO2 [4, 7]. Media 

used for cultivation will be changed every 3 days [4]. 

2.5 Cytotoxicity Measurement 

Although previous studies have shown a potential tumor suppression of α-spinasterol in growth of 

ovarian cancer cells, we will do another cytotoxicity measurement to confirm it. 

One direct measurement of the cell growth is through comparing the cell number before and after the 

treatment, which can be achieved through a cell count assay. 

Briefly, about 30000 cancer cells will be treated with different concentrations of α-spinasterol (0 (no 

treatment), 0.01mg/ml, 0.05mg/ml and 0.1mg/ml) on plates with 15mM platin will be separated into 

different groups and three replicates of cells were set up for each group to minimize the variability of 

the outcomes. To minimize the possible reaction between drugs used in the two assays and the α-
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spinasterol extracts, blank control groups will be made by directly adding the same amount of α-

spinasterol extracts with different concentrations to the test plates without addition of cancer cells. 

Negative control groups will also be made by treating the cells with adenylate cyclase toxin followed 

the guideline. The cell number before and after the treatment will be measured using Cell Counting 

Kit-8 followed the guidelines. 

Another important variable in measurement of the cell growth is viability. Therefore, the viability of 

the cells after treatment with α-spinasterol will also be tested through modified 3-(4, 5-

dimethylthiazol-2-yl)-2, 5 diphenyl tetrazolium bromide (MTT) assay and propidium iodide 

(PI)/Annexin V FACS. The group construct will be similar between these two assays and the cell 

count assay. 

In MTT assay, 80μL of 5mg/ml MTT will be added to plates in each group after the treatment of α-

spinasterol (24h) and incubated for 3.5h. Extra medium will be removed and 600ml of dimethyl 

sulfoxide will be added as solubilization solution and the whole plate was shaking by slowly 

increasing the speed to 900 shakes/min. This last step will be repeated in the next two days. And the 

results will be obtained by absorbance readings at 490nm [4, 8]. 

In PI/Annexin V FACS assay, blank group and the groups treated with different concentrations of α-

spinasterol will be tested using Annexin V-FTTC Kit (Lot: 5150727694) [4]. 13 μL Annexin V-FTTC 

will be added to each plate and incubated at room temperature for 10 minutes. The cells will then be 

rinsed by 500 μL buffer and underwent centrifugation at 4℃ for 10 minutes and 25μl Propidium 

Iodide (50μg/ml) was added [9]. The results will be obtained by Flow Cytometry. 

2.6 Western Blots 

Briefly, cell lysis will be obtained from each group of cells (no treatment, treated 0.01mg/ml, 

0.05mg/ml or 0.1mg/ml) and proteins in the cell lysis will be isolated separately.  

After the addition of the running buffer to the electrophorator, a prepared gel will be placed inside 

the electrophorator. 6μL of load marker and 15μL of protein samples from each group were added to 

each well. Run the gel with 60V for separation and 140V for stacking gel. 

After blocking the gel with 5% skim milk in TBST for an hour, primary antibodies for PTEN and β-

actin (blank control) will be added in a solution with 5% bivine serum albumin. The membrane will 

be then incubated overnight in 4℃ on a shaker. After washing the membrane with 5% skim milk in 

TBST, secondary antibodies will be added in 5% skim milk in TBST and the whole membrane will 

be incubated for an hour. After several washing with TBST, the membrane will be incubated with 

ECL mix for 2 minutes and the result will be observed in the dark room with UV light. 

3. Possible Results 

3.1 Cytotoxicity Measurement 

3.1.1 α-spinasterol treatment will lead to suppression of the growth of the ovarian cancer cells 

The number of cells and the viability of these cells will decrease with the increase of the concentration 

of α-spinasterol, indicated by the results of cell count assay and both MTT and PI/Annexin V FACS. 

It is also possible that there is little or no difference between the number and viability of cells or the 

viability of these cells in the blank group and the group treated with 0.01mg/ml or even 0.05mg/ml 

α-spinasterol, but a decrease of cell number and viability was found in the group treated with 

0.1mg/ml α-spinasterol and adenylate cyclase toxin, compared to the group without α-spinasterol 

treatment.  

3.1.2 α-spinasterol treatment will lead to activation of the growth of the ovarian cancer cells 

The number of cells and the viability of these cells will increase with the increase of the concentration 

of α-spinasterol, indicated by the results of cell count assay and both MTT and PI/Annexin V FACS 

assay. It is also possible that there is little or no difference between the number and viability of cells 

in the blank group and the group treated with 0.01mg/ml or even 0.05mg/ml α-spinasterol, but an 
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increase of cell number and cell viability was found in the group treated with 0.1mg/ml α-spinasterol, 

compared to the group without α-spinasterol treatment. 

3.1.3 α-spinasterol treatment does not affect the growth of the ovarian cancer cells 

The number of cells and the viability of these cells will show no differences with the increase of the 

concentration of α-spinasterol, indicated by the results of cell count assay and both MTT and 

PI/Annexin V FACS assay. And a decrease of cell number and cell viability were found in the group 

treated with adenylate cyclase toxin 

3.2 Western blot 

3.2.1 α-spinasterol treatment will not modify the expression of PTEN. 

There will be no or little difference between the amount PTEN obtained in the western blot between 

the groups before and after the α-spinasterol treatment. There will also be no or little difference 

between the amount of PTEN in the cell lysis when comparing SKOV3 cells treated with low 

concentration of α-spinasterol (0.01mg/ml) and cells treated with high concentration of α-spinasterol 

(0.1mg/ml). There will be no difference in the amount of β-actin between these groups. 

3.2.2 α-spinasterol treatment will induce overexpression of PTEN. 

There will be an increase in the amount PTEN obtained in the western blot before and after the α-

spinasterol treatment. There will also be a higher amount PTEN when comparing SKOV3 cells treated 

with low concentration of α-spinasterol (0.01mg/ml) and cells treated with high concentration of α-

spinasterol (0.1mg/ml). There will be no difference in the amount of β-actin between these groups. 

It is also possible that there is no difference between the amount PTEN obtained in the western blot 

between the blank group and the group with 0.01mg/ml or even 0.05mg/ml α-spinasterol but an 

increase of expression level of PTEN in the group treated with 0.1mg/ml α-spinasterol. 

3.2.3 α-spinasterol treatment will induce downregulation of PTEN. 

There will be a decrease in the amount PTEN obtained in the western blot before and after the α-

spinasterol treatment. There will also be a lower amount of PTEN when comparing SKOV3 cells 

treated with low concentration of α-spinasterol (0.01mg/ml) and cells treated with high concentration 

of α-spinasterol (0.1mg/ml). There will be no difference in the amoun of β-actin gene between these 

groups. 

It is also possible that there is no difference between the amount PTEN obtained in the western blot 

between the blank group and the group with 0.01mg/ml or even 0.05mg/ml α-spinasterol but a 

decrease of amount of PTEN in the group treated with 0.1mg/ml α-spinasterol. 

4. Discussion 

As mentioned before previous studies have reported a potential tumor suppression effect of α-

spinasterol on growth of several types of cancer cells including ovarian cancer cells through genetic 

modification of cancer related genes [4, 10]. To confirm this tumor suppressing effects and other 

potential cancer related genes which might also participate in this effect. The expression level of 

PTEN, another well-known tumor suppressor gene [3, 11], is monitored through qPCR and the 

viability of the ovarian cells (SKOV3) is monitored by MTT and PI/Annexin V FACS assay after the 

treatment of different concentration of α-spinasterol. 

In cytotoxicity experiment, we expected a similar change happens within cell number and cell 

viability, since the increase (or decrease) of cell number after the treatment compared to that in the 

group without treatment is more likely to be a result of higher (or lower) cell viability in the treated 

group compared to the untreated group. However, it is possible that this cell count assay or MTT and 

PI/Annexin V FACS assay might give the inaccurate results, caused by the unknown reaction between 

the α-spinasterol and the assay itself. Therefore, if the result of cell number and cell viability are not 

consistent with each other, more experiments are required to be done. 
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The results (result 3.11) showing a potential inhibition of the growth of SKOV3 cells after α-

spinasterol treatment are consistent with the previous results [4], and this result is also consistent with 

our hypothesis. Therefore, we would expect obtain that results in cytotoxicity experiment. Since the 

previous experiments only identified the suppression of the growth of cancer cells when treated with 

high concentration of α-spinasterol (>=1mg/ml) [4]. The treatment of lower amount of α-spinasterol 

(0.01mg/ml and 0.05mg/ml) might not be able to induce detectable decrease in the number of SKOV3 

cells. 

The other two possible results (result 3.12 and 3.13) can also happen. Since it is not consistent with 

the previous results, more experiments are required to eliminate the possible of inaccuracy of the cell 

count assay or MTT and PI/Annexin V FACS assay. If the further experiments still give the same 

results, it will reject the hypothesis that α-spinasterol treatment also facilitates the inhibition of the 

growth of ovarian cancer cells. However, PTEN protein expression can also be activated (result 3.22), 

even its function was identified as a tumor suppressor which will inhibit the cell growth [2-3, 5-6], 

since the α-spinasterol treatment might modify other signaling pathways at the same time, which has 

a strong influence in the growth of cancer cells compared to the change in the amount of PTEN 

proteins. 

One of the possible mechanism which can explain the gene regulation induced by α-spinasterol 

treatment is that some of the ovarian cells contain surface receptors which can detect estrogen level 

in the environment, which can then induce downstream gene regulation through specific signaling 

pathway [12]. α-spinasterol was shown to have similar structure with estrogen [12], which might also 

bind to those estrogen-binding receptors and induce downstream genetic effects. Since the previous 

studies have showed a tumor suppressing effect of α-spinasterol treatment in ovarian cells through 

upregulation of some tumor suppressor genes, such as Bax and p53, it is more reasonable to expect a 

similar upregulation of another tumor suppressor gene, PTEN, after the same treatment if these 

regulations are induced by the detection of the same extracellular signal . Result 3.22 supports the 

hypothesis, which shows a higher expression level of PTEN. Similar to the results in cytotoxicity 

experiments, SKOV3 cells might have little or no reactions upon low concentration of α-spinasterol, 

which might lead to a similar expression level of PTEN after α-spinasterol treatment. And even the 

highest concentration of α-spinasterol used in the experiment (0.1mg/ml) might also not enough to 

trigger the PTEN overexpression (same as result 3.21), therefore, treatments with a wider range of α-

spinasterol concentration might be tested if obtaining the result 3.21. 

However, it is also possible that α-spinasterol will not induce any modification of PTEN even after 

testing a wider range of α-spinasterol concentration (result 3.21), which rejects our hypothesis. Since 

the signaling pathways in human bodies are complex and highly specific. The expression level of 

PTEN might keep constant to maintain the balance of other signaling pathways.  

It is also possible that PTEN is upregulated, which also rejects our hypothesis, if some of its other 

functions are required by SKOV3 cells in α-spinasterol rich environments (as result 3.23). 

Besides, since we expect a similar overall expression of genes after α-spinasterol treatment based on 

the results of previous experiments [4], we expected a similar expression level of β-actin gene 

between these groups. However, it is also possible that the overall RNA expression changes after α-

spinasterol treatment. In that situation, the potential effects of the modification of a single gene is 

hard to identify. 

5. Conclusion 

The most wide-used and effect treatments of cancer are still chemotherapy or radiation therapy, which 

are known to harm the patients’ normal cells and organs. Treatments which can specifically target the 

cancer cells instead of normal cells are searched by scientists. α-spinasterol treatment was shown to 

have potential tumor suppressing effects for ovarian cancer through regulating the expression of some 

tumor suppressor genes, such as Bax and p53 [4]. In this experiment, the potential roles of PTEN in 

α-spinasterol treatment were tested. If the expression of PTEN gene is upregulated after the treatment 
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of α-spinasterol treatment, and this upregulation enhances with the increase of α-spinasterol level in 

the western blot experiments, the regulation of PTEN gene expression might be a new explanation of 

the mechanism of tumor suppressing effects in α-spinasterol treatment. 

It is also important that α-spinasterol treatment can induce modification of the expression of other 

cancer-related genes [4], therefore, the tumor suppressing effects might be caused by the regulation 

of those genes in α-spinasterol treatment but that of PTEN gene. Therefore, to confirm PTEN gene’s 

role in tumor suppressing effects, direct genetic modification on PTEN genes will be required. 
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