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Abstract

Background: Ovarian cancer is the most common lethal cancer of the female reproductive system and is often diagnosed in
advanced stages. The Sortilin 1 (SORT1) gene is overexpressed in ovarian cancer cells. Methyl protodioscin, an herbal bioactive
compound, has significant antitumor activities.

Objectives: Considering the necessity of identifying new medicinal agents and treatments in ovarian cancer, this project
investigated the effects of methyl protodioscin on the expression of the SORT! gene and the response to chemotherapy in the
ovarian cancer cell line (A2780 S).

Methods: The viability of ovarian cancer cells (A2780) after treatment with methyl protodioscin (800, 400, 200, 100, 50, 25,
12.5, 6.25, and 3.12 uM) was evaluated by MTT assay, trypan blue staining, and lactate dehydrogenase activity measurement. The
expression level of the SORTI gene was investigated by real-time PCR. The effect of simultaneous treatment with methyl
protodioscin and the chemotherapy drug carboplatin on cell viability was measured.

Results: After 24, 48, 72, and 96 hours of treatment, methyl protodioscin significantly decreased cell viability in a
concentration- and time-dependent manner (P < 0.05). After 24 hours, treatment with the IC;, concentration of methyl
protodioscin (14.5 pM) caused a significant decrease in SORTI expression in ovarian cancer cells by 33% (P < 0.05). The

combination of methyl protodioscin with carboplatin decreased cell viability with a synergistic effect.

Conclusions: Methyl protodioscin had an inhibitory effect on the survival of ovarian cancer cells in a concentration- and time-
dependent manner and reduced the expression of the SORTI gene. Additionally, this herbal compound synergistically increased
the toxicity of carboplatin.
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1. Background

Due to difficulties in early diagnosis, ovarian cancer
is associated with a high mortality rate in women (1, 2),
with a 5-year survival rate of less than 30% (3, 4).
Cisplatin or carboplatin are the most widely used
chemotherapeutic agents against ovarian cancer.
Ovarian cancer inevitably acquires resistance to these
drugs when cancer cells become insensitive to the
effects of platinum-based chemotherapy, leading to
treatment failure and disease progression. Cancer
recurrence after initial chemotherapy is very common

in this cancer. One of the challenging issues in the
successful treatment of ovarian cancer is the
development of drug resistance (5-9).

Sortilin 1 (SORT1) is a multifunctional protein involved
in cancer development. The expression of the SORTI gene
is increased in human tumors, including ovarian cancer,
and its siRNA-mediated gene silencing in ovarian cancer
cells leads to increased apoptosis and decreased
proliferation. This suggests that SORTI is a potential
therapeutic target for tumor therapy. Some studies have
shown that inhibition of SORT! expression and function
can slow the growth of tumors (10).
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Methyl protodioscin, an herbal bioactive compound,
was extracted from the rhizome of Dioscorea collettii var.
hypoglauca (Dioscoreaceae) and shows some medicinal
potential. Its anticancer activities were demonstrated in
in vitro and in vivo studies. However, the underlying
anti-cancer mechanisms remain unknown. Additionally,
a preclinical pharmacodynamic study showed that 80
mg/kg i.v. of methyl protodioscin had no serious side
effects (11).

2. Objectives

Considering the necessity of identifying new
treatment methods, this study was designed to
determine the effects of methyl protodioscin on SORTI
gene expression and the response to chemotherapy in
ovarian cancer cells.

3. Methods

3.1. Cell Culture

The A2780s cell line was prepared from the Pasteur
Institute, Iran, and cultured in RPMI-1640 medium
(Gibco, Germany) containing 10% fetal bovine serum
(FBS) and 1% antibiotic. The cells were maintained in a
37°C incubator with 5% CO,. Passage was performed after

the cells reached a concentration level of 70%.

3.2. Viability Measurement

The cells were cultured in 96-well plates and treated
with concentrations of 0, 0.09, 0.18, 0.37, 0.75, 1.5, 3, 6,
and 12 pM methyl protodioscin for 24, 48, 72, and 96
hours. For the trypan blue assay, after trypsinizing and
separating the cells from the surface, the cell suspension

(about 10° cells/mL) was mixed (ratio of 1:1) with trypan
blue (Sigma, USA) 4% solution. After 2 minutes, cells were
checked using a neobar lam and an inverted phase
optical microscope. Living cells have clear cytoplasm,
while dead cells have dark blue cytoplasm. The
percentage of cell viability was calculated by dividing
the number of unstained cells by the total number of
cells.

For the MTT assay, about 10 pL of MTT solution (0.5
mg/mL) (Sigma, USA) was added to each well and
incubated for 3 hours in the dark at 37°C. Then, DMSO
(200 puL) was added to each well, and the absorbance of
the wells was read at 570 nm by an ELISA reader. A row of
plate wells without drugs was considered as a control.

The viability percentage was calculated from the
following equation:

cells

<Cell viability Abs test control cells) x 100

bs
= Cell viability (%)

To investigate the effect of methyl protodioscin on
carboplatin toxicity, cells were first treated with 800,
400, 200, 100, 50, 25, 12.5, and 6.5 pM of carboplatin for
24 hours. After measuring viability and calculating the
IC5, using GraphPad Prism 6.0 (GraphPad Software,

USA), combined treatment was performed at IC;, values
and two concentrations higher and two lower than the
IC5,. CompuSyn software (ComboSyn Inc, USA) was used

to analyze the cytotoxicity data to determine synergy,
additivity, and antagonism between  methyl
protodioscin and carboplatin.

3.3. Cytotoxicity Assay

The cells were cultured in 96-well plates and treated
according to the procedures described in the viability
assay. Cytotoxicity testing was performed using the
Pierce LDH assay kit (Sigma Aldrich, USA) according to
the manufacturer’s instructions. The cytotoxicity of the
extract was calculated using the following formula.

% Cytotoxicity =
(Experimental OD 99 — Control ODyg)

Mazimum lactate dehydrogenase
(LDH) releas ODago

x 100

3.4. Gene Expression Analysis

After treating the cells and collecting them with
trypsin/EDTA solution (Gibco, Germany), RNA extraction
was performed according to the TRIZOL reagent kit (Life
Technologies Invitrogen, USA). For the quantitative
analysis of the extracted RNA, the optical absorption
ratio of 260/280 and 230/260 nm was obtained using a
NanoDrop. The quality of RNA was tested with agarose
gel electrophoresis. The c¢DNA synthesis was done
according to the kit protocol (Bioneer, Korea), and the
quality of the synthesized cDNA was verified using a
nanodrop device. For real-time PCR, SYBR Green master
mix (Takara, Japan) was used. Gene expression was

measured by the 2MC method. Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used as the
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housekeeping gene. The sequence of primers used is as
follows.

(1) Glyceraldehyde 3-phosphate dehydrogenase:

- Forward: TCCTCCACCTTTGACGCTG

- Reverse: CACCACCCTGTTGCTGTAGC

(2) Sortilin 1

- Forward: TCAGAGCCGAATGCCGTAG

-Reverse: CCTTCCAGCATCTTTGTCCAG

3.5. Statistical Analysis

Data were shown as mean + SE of three independent
tests (each conducted three times, with each time in
technical triplicate). Statistical analysis was conducted
using SPSS software version 16.0 (SPSS Inc., USA) and a
one-way ANOVA test. P-values below 0.05 were
considered statistically significant.

4. Results

4.1. Methyl Protodioscin Effects on Cell Viability

After treatment, the morphology of cells changed,
becoming small, round, and granular. The effects of
different concentrations of methyl protodioscin on cell
viability after 24, 48, 72, and 96 hours were tested using
trypan blue and MTT assays, as shown in Figure 1A and B.
Treatment with methyl protodioscin significantly
decreased viability after 24 hours at concentrations of
0.75, 1.5, 3, 6, and 12 uM (P < 0.05). After 48, 72, and 96
hours, the reduction in cell viability was significant at
all concentrations (P < 0.05). This decrease occurred in a
concentration- and time-dependent manner. The ICs,

values calculated in the trypan blue test were 7.17 £ 0.12,
3.16 + 0.17, 0.99 £ 0.08, and 0.31 + 0.05 pM, and in the
MTT test were 14.58 *+ 0.55, 4.05 * 0.01, 0.75 + 0.08, and
0.38 £ 0.01 uM for 24, 48, 72, and 96 hours, respectively.

4.2. Cytotoxic Effects of Methyl Protodioscin

Methyl protodioscin exhibited cytotoxicity against
ovarian cancer cells in a concentration- and time-
dependent manner. After 24 hours, significant toxicity
was observed at concentrations of 3, 6, and 12 uM. After
48 hours, significant toxicity was observed at
concentrations of 0.75,1.5, 3, 6, and 12 uM. After 72 hours,
significant toxicity was observed at concentrations of
0.18, 037, 0.75, 1.5, 3, 6, and 12 pM. After 96 hours,
significant toxicity was observed at all concentrations
used (P < 0.05) (Figure 2).
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4.3. Methyl Protodioscin Effects on Sortilin 1 Gene Expression
Treatment with the IC;, concentration of methyl

protodioscin (14.5 pM) after 24 hours caused a
significant decrease in SORTI expression in ovarian
cancer cells by 33% (P < 0.05) (Figure 3).

4.4. Carboplatin Effect on Cell Viability

The effects of different concentrations of carboplatin
on cell viability after 24 hours were measured by the
MTT test and are shown in Figure 4. At concentrations of
25, 50,100, 200, 400, and 800 puM, a significant decrease
in viability was observed (P < 0.05). This decrease
occurred in a concentration-dependent manner. The
IC5 value was determined to be 228.90 +16.10 uM.

4.5. Carboplatin and Methyl Protodioscin Combination Effect
on Cell Viability

The dose-effect diagram showed that the
combination of these two agents has more toxic effects
on cancer cells than either one alone. The Combination
Index (CI) values calculated for all five treatments were
less than 1, indicating a synergistic interaction between
carboplatin and methyl protodioscin in reducing cell
viability. Dose Reduction Index (DRI) values for both
carboplatin and methyl protodioscin were greater than
1, indicating a dose reduction to produce a specific
therapeutic effect in both cases. Finally, the isobologram
plot was drawn. In the isobologram diagram, the
concentrations of carboplatin and methyl protodioscin
alone and the simultaneous treatment that cause a
decrease of 50, 75, and 90 percent of the cell population
are shown. In this diagram, the placement of compound
points on the chord, below, and above it respectively
indicates additive, synergisticc and antagonistic
interactions (Figure 5).

5. Discussion

The results of the present study showed that methyl
protodioscin had a lethal effect on ovarian cancer cell
lines. By increasing the concentration of methyl
protodioscin, the percentage of cell viability decreased
significantly. Additionally, with the increase in the
duration of treatment, the percentage of live cells
decreased significantly compared to the control group.
Previous studies have shown that dioscin had
significant inhibitory effects on HL-60 human leukemia
cell growth, differentiation, and apoptosis. Moreover,
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Figure 1. The effect of methyl protodioscin on the viability of ovarian cancer cells after 24, 48,72 and 96 (h) was A, evaluated by trypan blue staining; and B, MTT test. * P < 0.05, **

P <0.005,and ***P < 0.001 compared to the control.
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Figure 2. The cytotoxic effect of methyl protodioscin on the ovarian cancer cells after 24, 48,72 and 96 (h) *** P < 0.001 compared to the control.

dioscin was found to affect many cancer cells (12).
Methyl protodioscin also showed cytotoxic effects on
solid tumor cell lines. An analysis utilizing the
computer program COMPARE indicated that no
compounds in the NCI Anticancer Drug Screen database
have similar cytotoxicity patterns to methyl
protodioscin, suggesting a potential new mechanism of
anticancer action (13). Methyl protodioscin exhibited
anti-mitotic activity and induced G2/M arrest and
apoptosis in HepG2 cells via cyclin Bl and Bcl-2
expression reduction and Bax expression induction (14).
Treatment of oral cancer cells with methyl protodioscin
induced apoptosis and could also induce autophagy
(15). Protodioscin inhibits cell viability and induces

mitochondrial loss of function in apoptosis (16). Methyl
protodioscin inhibits proliferation and increases
apoptosis in pancreatic cancer (11). In cervical cancer
cells, methyl protodioscin induces cell cycle arrest and
apoptosis (17).

Despite recent advancements in cancer therapy, the
life span and quality of life of patients with ovarian
cancer remain unsatisfactory due to the development of
drug resistance. Thus, developing new strategies to
overcome this problem is needed. Recently, the use of
drug combinations has been employed for lethal
diseases such as cancer. The major purpose of this
strategy is to achieve a synergistic therapeutic effect,
reduce the dosage and toxicity, and minimize or delay
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Figure 3. The effect of methyl protodioscin on SORT1 gene expression in ovarian cancer cells after 24 (h). *** P < 0.001 compared to the control.
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Figure 4. The effect of carboplatin on the viability of ovarian cancer cells after 24 (h)* P < 0.05 and *** P < 0.001 compared to the control.

the development of drug resistance. Today, the use of
several anticancer drugs from different groups is widely
practiced in cancer treatment (18).

Methyl protodioscin significantly increases the
cytotoxicity of carboplatin, with a CI between 0.69 and
0.92, indicating a synergistic effect across all combined
concentrations used in this project. The average CI for

] Clin Res Paramed Sci. 2025; 14(1): e157134

all tests performed was 0.87, highlighting the overall
synergistic effect of the combination of methyl
protodioscin and carboplatin on the ovarian cancer cell
line. This combination led to a dose reduction for
carboplatin, which is clinically valuable as it reduces the
general side effects of chemotherapy. Real-time PCR
results showed that treatment of cancer cells with the
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Figure 5. Diagram of A, effect-dose; B, Combination Index (CI); C, Dose Reduction Index (DRI); and D, isobologram for ovarian cancer cells after 24 hours of treatment with
carboplatin, methyl protodioscin and a combination of two agents. Dose A: Carboplatin concentration, and dose B: Methyl protodioscin concentration.

IC5, concentration of methyl protodioscin for 24 hours

significantly reduced SORTI gene expression compared
to the control group.

The first molecular characterization of SORTI showed
that it is expressed in the heart, brain, placenta, skeletal
muscle, testis, thyroid, and spinal cord (19). The SORTI
gene expression was increased in ovarian cancer tissues
compared to non-malignant ovarian tissues (20, 21).
These results may suggest the possible role of SORTI in
ovarian tumorigenesis. The potential role of
overexpressed SORTI in ovarian cancer cells is an
interesting topic for research. It has previously been
proven that decreased SORT! expression in ovarian
tumors leads to apoptosis induction and reduced
proliferation of cancer cells, so its decreased expression
induced by methyl protodioscin in this study may be
responsible for its anti-ovarian cancer effect.

One of the limitations of this study is the lack of
examination of SORTI siRNA/overexpression
experiments to validate its functional role in methyl
protodioscin-induced chemosensitization. Currently, it
is unknown whether methyl protodioscin synergizes
with carboplatin in SORTI-silenced cells.

5.1. Conclusions

Methyl protodioscin had an inhibitory effect on the
viability of ovarian cancer cells in a concentration- and
time-dependent manner and reduced the expression of
the SORTI gene. The present study also showed that this
herbal compound synergistically enhances the
chemotherapy effects of carboplatin. The results suggest
that methyl protodioscin has a therapeutic effect on
ovarian cancer cells and holds promise for use in the
development of anti-ovarian cancer drugs.

Footnotes

Authors' Contribution: Study concept and design: L.
R.; Acquisition of data: S. A. M., Analysis and
interpretation of data: S. B. M. Drafting of the
manuscript: M. Z,; Critical revision of the manuscript for
important intellectual content: C. J.; Statistical analysis:
M. Z.; Administrative, technical, and material support: I.
R.; Study supervision: I. R.

Conflict of Interests Statement: The authors declare
no conflict of interest.

] Clin Res Paramed Sci. 2025; 14(1): e157134


https://brieflands.com/articles/jcrps-157134

Mirani SB et al.

Brieflands

Data Availability: No new data were created or
analyzed in this study. Data sharing does not apply to
this article.

Ethical Approval: This study is approved under the
ethical approval code of IR KUMS.MED.REC.1401.280 .

Funding/Support: This study was financially
supported by Kermanshah University of Medical
Sciences (grant number: 4010805).

References

1. Oswald A], Gourley C. Low-grade epithelial ovarian cancer: A number
of distinct clinical entities? Curr Opin Oncol. 2015;27(5):412-9. [PubMed
ID: 26241347]. https://doi.org[10.1097/CCO.0000000000000216.

2. Groen RS, Gershenson DM, Fader AN. Updates and emerging
therapies for rare epithelial ovarian cancers: One size no longer fits
all. Gynecol Oncol. 2015;136(2):373-83. [PubMed ID: 25481800].
https://doi.org/10.1016/j.ygyno.2014.11.078.

3. Mangili G, Bergamini A, Taccagni G, Gentile C, Panina P, Vigano P, et
al. Unraveling the two entities of endometrioid ovarian cancer: A
single center clinical experience. Gynecol Oncol. 2012;126(3):403-7.
[PubMed ID: 22609111]. https://doi.org/10.1016/j.ygyno.2012.05.007.

4. Callegaro-Filho D, Gershenson DM, Nick AM, Munsell MF, Ramirez PT,
Eifel P], et al. Small cell carcinoma of the ovary-hypercalcemic type
(SCCOHT): A review of 47 cases. Gynecol Oncol. 2016;140(1):53-7.
[PubMed ID: 26546963]. [PubMed Central ID: PMC5990049].
https://doi.org[10.1016/j.ygyno.2015.11.004.

5. McGuire WP, Hoskins W], Brady MF, Kucera PR, Partridge EE, Look KY,
et al. Cyclophosphamide and cisplatin compared with paclitaxel and
cisplatin in patients with stage Il and stage IV ovarian cancer. N Engl
] Med. 1996;334(1):1-6. [PubMed ID: 7494563].
https://doi.org/10.1056/NEJM199601043340101.

6. Bookman MA, Brady MF, McGuire WP, Harper PG, Alberts DS,
Friedlander M, et al. Evaluation of new platinum-based treatment
regimens in advanced-stage ovarian cancer: A Phase III Trial of the
Gynecologic Cancer Intergroup. J Clin Oncol. 2009;27(9):1419-25.
[PubMed ID: 19224846]. [PubMed Central ID: PMC2668552].
https://doi.org/10.1200/JC0.2008.19.1684.

7. du Bois A, Luck HJ, Meier W, Adams HP, Mobus V, Costa S, et al. A
randomized clinical trial of cisplatin/paclitaxel  versus
carboplatin/paclitaxel as first-line treatment of ovarian cancer. ] Nat!
Cancer  Inst.  2003;95(17):1320-9. [PubMed ID: 12953086].
https://doi.org/10.1093/jnci/djg036.

8. Ozols RF, Bundy BN, Greer BE, Fowler ]M, Clarke-Pearson D, Burger RA,
et al. Phase III trial of carboplatin and paclitaxel compared with
cisplatin and paclitaxel in patients with optimally resected stage III
ovarian cancer: A Gynecologic Oncology Group study. J Clin Oncol.
2003;21(17):3194-200. [PubMed ID: 12860964].
https://doi.org/10.1200/JC0.2003.02.153.

9. Vasey PA, Jayson GC, Gordon A, Gabra H, Coleman R, Atkinson R, et al.
Phase Il randomized trial of docetaxel-carboplatin versus paclitaxel-
carboplatin as first-line chemotherapy for ovarian carcinoma. J Natl
Cancer Inst. 2004;96(22):1682-91. [PubMed ID: 15547181].
https://doi.org[10.1093(jnci/djh323.

] Clin Res Paramed Sci. 2025; 14(1): e157134

10.

1.

12.

14.

15.

16.

18.

19.

20.

21.

Currie JC, Demeule M, Charfi C, Zgheib A, Larocque A, Danalache BA,
et al. The Peptide-Drug Conjugate TH1902: A New Sortilin Receptor-
Mediated Cancer Therapeutic against Ovarian and Endometrial
Cancers. Cancers (Basel). 2022;14(8). [PubMed ID: 35454785]. [PubMed
Central ID: PMC9031804]. https://doi.org/10.3390/cancers14081877.

Chen L, Cheng CS, Gao H, Zhan L, Wang F, Qu C, et al. Natural
Compound Methyl Protodioscin Suppresses Proliferation and
Inhibits Glycolysis in Pancreatic Cancer. Evid Based Complement
Alternat Med. 2018;2018:7343090. [PubMed ID: 29736179]. [PubMed
Central ID: PMC5875068]. https://doi.org/10.1155/2018/7343090.

Wang Z, Zhou ], Ju Y, Zhang H, Liu M, Li X. Effects of two saponins
extracted from the polygonatum Zanlanscianense pamp on the
human leukemia (HL-60) cells. Biol Pharm Bull. 2001;24(2):159-62.
[PubMed ID: 11217084]. https://doi.org[10.1248/bpb.24.159.

Hu K, Yao X. The cytotoxicity of methyl protodioscin against human
cancer cell lines in vitro. Cancer Invest. 2003;21(3):389-93. [PubMed ID:
12901285]. https://doi.org/10.1081/cnv-120018230.

Wang G, Chen H, Huang M, Wang N, Zhang ], Zhang Y, et al. Methyl
protodioscin induces G2/M cell cycle arrest and apoptosis in HepG2
liver cancer cells. Cancer Lett. 2006;241(1):102-9. [PubMed ID:
16458429]. https:[/doi.org[10.1016/j.canlet.2005.10.050.

Hsieh M]J, Lin CW, Chen MK, Chien SY, Lo YS, Chuang YC, et al.
Inhibition of cathepsin S confers sensitivity to methyl protodioscin
in oral cancer cells via activation of p38 MAPK|INK signaling
pathways. Sci Rep. 2017;7:45039. [PubMed ID: 28327651]. [PubMed
Central ID: PMC5361207]. https://doi.org/10.1038/srep45039.

Lin CL, Lee CH, Chen CM, Cheng CW, Chen PN, Ying TH, et al.
Protodioscin Induces Apoptosis Through ROS-Mediated Endoplasmic
Reticulum Stress via the JNK/p38 Activation Pathways in Human
Cervical Cancer Cells. Cell Physiol Biochem. 2018;46(1):322-34. [PubMed
ID: 29590661]. https://doi.org/10.1159/000488433.

Ma YL, Zhang YS, Zhang F, Zhang YY, Thakur K, Zhang |G, et al. Methyl
protodioscin from Polygonatum sibiricum inhibits cervical cancer
through cell cycle arrest and apoptosis induction. Food Chem Toxicol.
2019;132:110655. [PubMed ID: 31271762).
https://doi.org/10.1016/j.fct.2019.110655.

Golden EB, Cho HY, Jahanian A, Hofman FM, Louie SG, Schonthal AH,
et al. Chloroquine enhances temozolomide cytotoxicity in
malignant gliomas by blocking autophagy. Neurosurg Focus.
2014;37(6). E12. [PubMed ID: 25434381).
https://doi.org[10.3171/2014.9.FOCUS14504.

Petersen CM, Nielsen MS, Nykjaer A, Jacobsen L, Tommerup N,
Rasmussen HH, et al. Molecular identification of a novel candidate
sorting receptor purified from human brain by receptor-associated
protein affinity chromatography. J Biol Chem. 1997;272(6):3599-605.
[PubMed ID: 9013611]. https:|/doi.org[10.1074[jbc.272.6.3599.

Donninger H, Bonome T, Radonovich M, Pise-Masison CA, Brady J,
Shih JH, et al. Whole genome expression profiling of advance stage
papillary serous ovarian cancer reveals activated pathways.
Oncogene.  2004;23(49):8065-77.  [PubMed  ID:  15361855].
https://doi.org/10.1038/sj.0nc.1207959.

Hemmati S, Zarnani AH, Mahmoudi AR, Sadeghi MR, Soltanghoraee
H, Akhondi MM, et al. Ectopic Expression of Sortilin 1 (NTR-3) in
Patients with Ovarian Carcinoma. Avicenna ] Med Biotechnol.
2009;1(2):125-31. [PubMed ID: 23407681]. [PubMed Central ID:
PM(C3558127].


https://brieflands.com/articles/jcrps-157134
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=311930
http://www.ncbi.nlm.nih.gov/pubmed/26241347
https://doi.org/10.1097/CCO.0000000000000216
http://www.ncbi.nlm.nih.gov/pubmed/25481800
https://doi.org/10.1016/j.ygyno.2014.11.078
http://www.ncbi.nlm.nih.gov/pubmed/22609111
https://doi.org/10.1016/j.ygyno.2012.05.007
http://www.ncbi.nlm.nih.gov/pubmed/26546963
https://www.ncbi.nlm.nih.gov/pmc/PMC5990049
https://doi.org/10.1016/j.ygyno.2015.11.004
http://www.ncbi.nlm.nih.gov/pubmed/7494563
https://doi.org/10.1056/NEJM199601043340101
http://www.ncbi.nlm.nih.gov/pubmed/19224846
https://www.ncbi.nlm.nih.gov/pmc/PMC2668552
https://doi.org/10.1200/JCO.2008.19.1684
http://www.ncbi.nlm.nih.gov/pubmed/12953086
https://doi.org/10.1093/jnci/djg036
http://www.ncbi.nlm.nih.gov/pubmed/12860964
https://doi.org/10.1200/JCO.2003.02.153
http://www.ncbi.nlm.nih.gov/pubmed/15547181
https://doi.org/10.1093/jnci/djh323
http://www.ncbi.nlm.nih.gov/pubmed/35454785
https://www.ncbi.nlm.nih.gov/pmc/PMC9031804
https://doi.org/10.3390/cancers14081877
http://www.ncbi.nlm.nih.gov/pubmed/29736179
https://www.ncbi.nlm.nih.gov/pmc/PMC5875068
https://doi.org/10.1155/2018/7343090
http://www.ncbi.nlm.nih.gov/pubmed/11217084
https://doi.org/10.1248/bpb.24.159
http://www.ncbi.nlm.nih.gov/pubmed/12901285
https://doi.org/10.1081/cnv-120018230
http://www.ncbi.nlm.nih.gov/pubmed/16458429
https://doi.org/10.1016/j.canlet.2005.10.050
http://www.ncbi.nlm.nih.gov/pubmed/28327651
https://www.ncbi.nlm.nih.gov/pmc/PMC5361207
https://doi.org/10.1038/srep45039
http://www.ncbi.nlm.nih.gov/pubmed/29590661
https://doi.org/10.1159/000488433
http://www.ncbi.nlm.nih.gov/pubmed/31271762
https://doi.org/10.1016/j.fct.2019.110655
http://www.ncbi.nlm.nih.gov/pubmed/25434381
https://doi.org/10.3171/2014.9.FOCUS14504
http://www.ncbi.nlm.nih.gov/pubmed/9013611
https://doi.org/10.1074/jbc.272.6.3599
http://www.ncbi.nlm.nih.gov/pubmed/15361855
https://doi.org/10.1038/sj.onc.1207959
http://www.ncbi.nlm.nih.gov/pubmed/23407681
https://www.ncbi.nlm.nih.gov/pmc/PMC3558127

