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Abstract

Background: The anticancer agent imatinib (IM) is a small molecular analog of
ATP that inhibits tyrosine kinase activity of platelet derived growth factors (PDGFs)
and stem cell factor (SCF) receptor in cancer cells. However these factors have a key
role in regulating growth and development of normal Sertoli, Leydig and germ
cells.

Objective: The aim of this study was to determine cell viability, PDGF and SCF
levels in mouse normal Sertoli cells exposed to IM.

Materials and Methods: In this experimental study, the mouse TM4 Sertoli cells
were treated with 0, 2.5, 5, 10 and 20 uM IM for 2, 4 or 6 days. The cell viability
and growth factors levels were assessed by MTT and ELISA methods, respectively.
For statistical analysis, One-Way ANOVA was performed.

Results: IM showed significant decrease in Sertoli cell viability compared to control
group (p=0.001). However, IM increased PDGF and SCF level insignificantly
(p>0.05).

Conclusion: Results suggested that IM treatment induced a dose dependent
reduction of cell viability in Sertoli cells. It seems that treatment with this anticancer
drug is involved in the fertility process. Further studies are needed to evaluate the
role of PDGF and SCF in this cell.

Key words: Cell viability, Imatinib mesylate, Sertoli cells, Platelet derived growth factor,
Stem cell factor.

Introduction

signal transduction mediated by tyrosine

kinases like abl (the Abelson proto-
oncogene), platelet-derived growth factor
receptor (PDGF-R), stem cell factor (SCF)
receptor (c-kit) and breakpoint cluster region
(bcr). This drug is used in the treatment of
chronic myelogenous leukemia,
gastrointestinal stromal tumors and a number
of other malignancies and hypereosinophilic
syndrome (1, 2).

As growth factor signal transduction
pathways that are up-regulated in many types
of tumor cells, perform critical functions in
normal cells, imatinib (IM) may affect normal
cells like Sertoli cells. Platelet-derived growth
factor (PDGF) is a growth-regulatory molecule

Imatinib mesylate inhibits growth factor

that stimulates chemotaxis, proliferation and
metabolism primarily of mesenchymal origin
cells. PDGF and PDGF-R have been reported
to be expressed in the human testis and
possibly could affect testis developmental
processes, spermatogenesis and male
infertility. It plays a critical role in the
pathogenesis of serious diseases, such as
cancer (3). A Sertoli cell is part of a
seminiferous  tubule that helps in
spermatogenesis  process and  sperm
production. Its main function is to maintain the
developing of sperm cells through the
spermatogenesis stages (4). Sertoli cells are
required for male sexual development and can
synthesize several secretory products such as
PDGF (5, 6). In addition, it was shown that
PDGF motivates a key enzyme of estrogen
biosynthesis (aromatase), mainly localized in
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Sertoli cells suggesting an additional site of
regulation of Sertoli cell by PDGF (3, 7).

SCF and c-KIT signaling also play a main
role in cell fate decisions, specifically
controlling cell proliferation, differentiation,
survival, and apoptosis (8). SCF is secreted
by Sertoli cells and found on their cell
membrane (9-11). As cell proliferation is
crucial for the production of male germ cells
and fertility, decreased expression of SCF or
c-KIT in the testis and aberrant SCF/c-KIT
signaling are associated with male infertility
(12, 13). Gambacorti-Passerini et al showed
that IM was associated with a reduction in
testicular hormones (14). Besides, several
studies have been reported that IM reduces
testosterone production in the testis (15-17).
However, Schultheis et al showed that IM
administration (150 mg/kg/day) for 2 months
had no effect on spermatogenesis in a
leukaemic mouse model (18).

To our best knowledge there are rare
studies about the effects of IM on Sertoli cells.
The aim of this study was to investigate the
effect of IM on expression of these factors in
TM4 Sertoli cultured cells.

Materials and methods

Drug

1 mM stock solution of IM (provided by Mr
Aziz mohammadi, Farayand-shimi Co) was
prepared in distilled sterile water and stored at
-20°C. In this study IM was used at
concentrations 2.5, 5, 10 and 20 uM for 2, 4 or
6 days. Controls were prepared by treating
cells with culture medium containing the equal
volume of distilled water. Each condition was
present in triplicate.

Cells

In this experimental study, the mouse
normal testis TM4 Sertoli cell (genetic
Laboratory of Tehran University) was cultured
in 90% DMEM-F12 medium (PAA, UK), 5%
fetal bovine serum (PAA, UK), 5% horse
serum (PAA, UK) and 100 unit/ml penicillin.
Cells were incubated at 37°C in a humidified
5% CO,-enriched atmosphere. The controls
were treated with a DMSO vehicle at a
concentration equal to that of the drug-treated
cells.

Cell viability assay
Viability of cells in different groups was
determined by using MTT proliferation assay

kit (Cayman chemical, USA). TM4 cells (5000
per well) were treated with mentioned
concentration of IM in 100 ul of cultured
media.

At the end of specified periods, 10 pl of
MTT reagent was added per well and the
plates were incubated at 37°C for 3 hrs. MTT-
containing media were then removed and the
reduced formazan dye was solubilized by
adding 100 pl of Crystal Dissolving Solution to
each well. The absorbance was measured at
570 nm using an ELISA microplate reader
(StatFax 2100, Awareness Technology Inc.).
Cell survival rate was reported as percentage
and calculated as follows: (OD values of the
experimental samples/OD values of the
control) x100.

Growth factors determination

Concentration of PDGF and SCF in
different groups were assayed using
Human/Mouse PDGF-AA Immunoassay and
Mouse SCF Immunoassay kits (R&D
Systems, Inc. Minneapolis, MN, USA)
respectively. Each sample was replicated
three times.

Statistical analysis

All data were presented as mean+SD for at
least three separate experiments for each
treatment. Statistical significance of
differences between mean values was
analyzed by one way ANOVA followed by
Tukey’'s HSD post-hoc test using SPSS
software (Statistical Package for the Social
Sciences, version 16.0, SPSS Inc, Chicago,
lllinois, USA). The level of significant
difference was set at p<0.05.

Results

The effect of IM on cell viability

Treatment of IM produced dose dependent
growth inhibition in Sertoli cells (Figure 1). The
cell viability decreased on days 4 and 6. IM
decreased the cell viability of Sertoli cells in
higher dose, namely 20 pM of IM resulted in
59% reduction after 6 days compared with the
controls (p<0.001), and 10 and 5 uM of IM
caused 43% and 30% reduction in cell viability
(p<0.001, p=0.01), respectively. MTT data
demonstrated that the long term, and high
dose IM treatment was significantly more
effective on inhibiting Sertoli cell growth
compared to untreated group.
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The effect of IM treatment on PDGF and
SCF levels

Increasing drug concentration in cultured
media and also duration of treatment had no
statistically  significant effect on PDGF
(p>0.05). However in all treated doses PDGF

level increased by increasing duration of
treatments from 4-6 days. SCF level
increased in treated cells by increasing
duration of treatment especially at
concentrations higher than 2.5 pM, but it was
not statistically significant (p>0.05).
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Figure 1. Effect of different concentrations of IM on Sertoli cell viability in vitro.
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Figure 2. PDGF level in Sertoli cells treated with different concentrations of IM for different periods (2, 4 and 6 days). Data
represent mean values + SD of three analyses. Mean values were compared using ANOVA. The P value was compared to untreated

group, (p<0.05).
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Figure 3. SCF level in Sertoli cells treated with different concentrations of IM for different periods (2, 4 and 6 days). Data represent
mean values = SD of three analyses. Mean values were compared using ANOVA. p<0.05 according to Tukey’s post hoc test.
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Discussion

Anti-cancer  drugs which used in
chemotherapy are one of the major causes of
infertility. The effects of anticancer drugs are
based on their anti-mitotic action such as
spermatogenic cells (19-21). In this study the
effect of IM as an anti-cancer drug on Sertoli
cell viability was investigated. IM treatment
caused a dose dependent inhibitory reduction
in Sertoli cells. Comparing these results with
our previous study, it appears that IM is less
efficient in decreasing cell viability in Sertoli
cell than in Leydig cell (22).

However, according to Nurmio et al study
Sertoli cells do not express c-kit or PDGFR
receptors, therefore these cells continued to
proliferate normally after IM treatment in rats
(23). Basciani et al also reported no obvious
defects in Sertoli cells in IM treated rats (24).
In contrast, our data showed that 20 uM IM
decreased Sertoli cell viability in vitro
significantly on days 4 and 6. Of course our
study was an in vitro study and reduction in
cell viability has been seen in long term high
dose (10 and 20 pM) IM treatment. As final
number of Sertoli cells in the adult testis
correlates with total sperm output, the
decrease of cell viability might result in fertility
problems (25).

It has been shown that IM treatment for
three days during the first postnatal week
decreased the proliferation of PDGF-
stimulated human testicular peritubular cells
and also decreased type A spermatogonia but
increased germ cell apoptosis (23, 26).
Prasad et al reported that IM does affect
sperm morphology significantly, but this effect
is reversible once the drug is withdrawn (17).
Yaghmaei et al suggested dose and time
dependent effect of IM on spermatogenesis
(27). Additionally, it has been shown that
treatment of cancer with IM may have
suppressed effects on testicular development
by inhibiting SCF/c-kit and PDGF signaling
pathways (2).

To the best of our knowledge, there has
been no study about the effect of IM on PDGF
and SCF levels in normal Sertoli cells. In our
study PDGF and especially SCF levels
increased slightly by increasing duration of
treatment, however it was statistically
insignificant. Previously, we have shown that
IM increases PDGF level significantly in
Leydig cell (22). We have also previously

reported increasing of PDGF receptor
phosphorylation in Leydig cell (28).

In this study we have shown that the
amount of increase in SCF level was more
than PDGF level in Sertoli cells. However
according to our former results PDGF level
was increased in Leydig cells but SCF level
did not change (22). PDGF is produced by
Sertoli cell, however these cells are the main
source of SCF. As C-kit is expressed on
differentiating spermatogonia and Leydig
cells, then IM effect on Sertoli cells can affect
spermatogonia and Leydig cells by altering
SCF level (29).

Yan et al reported that SCF/c-kit interaction
functions as a survival signal for mature
Leydig cells, play an important role in the
gonocyte migration process, Leydig cell
differentiation, subsequent testosterone
production, and spermatogenesis (30-32).
However SCF alteration in our study was very
slight and may not have an important effect on
spermatogonia and Leydig cells.

Taken together, it seems that Sertoli cells
are less wvulnerable than Leydig cells
especially at lower doses. However as these
cells are supportive cells of the seminiferous
tubules, IM can affect spermatogenesis by
mediating effect of Sertoli cells. Besides,
direct effect of IM on Leydig also should be
considered in evaluating the effect of IM on
fertility potential (22).

Conclusion

In conclusion, the present in vitro study on
Sertoli cells demonstrated that IM significantly
reduces the cell viability of these cells. Our
study also presents that PDGF and SCF might
have slight role in anti-proliferative effects of
IM. Since testicular cells are affected by
anticancer drugs, therefore comprehensive
studies seem to be necessary for evaluating
the effect of IM on spermatogesis and
infertility.

Acknowledgements

The authors would like to thank members
of the Cellular and Molecular Research Center
of Urmia University of Medical Sciences,
Urmia, Iran. We also thank Dr. Siamak Salami
(Department of Clinical Biochemistry, Faculty
of Medical Science, Shahid Beheshti
University of Medical Sciences, Tehran, Iran)

580 International Journal of Reproductive BioMedicine Vol. 14. No. 9. pp: 577-582, September 2016


file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_19
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_22
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_23
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_24
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_25
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_23
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_26
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_17
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_27
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_2
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_22
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_28
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_22
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_29
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_30
file://172.17.0.2/ijrm/Mortazavifar/IJRM%2094/94-178/94-178-3.docx%23_ENREF_22
http://dx.doi.org/10.29252/ijrm.14.9.577
https://dor.isc.ac/dor/20.1001.1.24764108.2016.14.9.6.3
https://ijrm.ir/article-1-784-fa.html

[ Downloaded from ijrm.ir on 2026-06-12 ]

[ DOR: 20.1001.1.24764108.2016.14.9.6.3 ]

[ DOI: 10.29252/ijrm.14.9.577]

The effect of imatinib on sertoli cells

for providing us technical supports. This study
was supported by Urmia University of Medical
Sciences.

Conflicts of interest

The authors declare that they have no

conflict of interest.

10.

11.

12.

References

Lindberg N, Holland EC. PDGF in gliomas: more
than just a growth factor? Upsala J Med Sci 2012;
117: 92-98.

Nurmio M, Kallio J, Toppari J, Jahnukainen K. Adult
reproductive functions after early postnatal inhibition
by imatinib of the two receptor tyrosine kinases, c-kit
and PDGFR, in the rat testis. Reprod Toxicol 2008;
25: 442-446.

Basciani S, Mariani S, Arizzi M, Ulisse S, Rucci N,
Jannini EA, et al. Expression of platelet-derived
growth factor-A (PDGF-A), PDGF-B, and PDGF
receptor-alpha and -beta during human testicular
development and disease. J Clin Endocrinol Metab
2002; 87: 2310-2319.

Rato L, Alves MG, Socorro S, Duarte Al, Cavaco JE,
Oliveira PF. Metabolic regulation is important for
spermatogenesis. Nat Rev Urol 2012; 9: 330-338.
Kim Y, Kobayashi A, Sekido R, DiNapoli L, Brennan
J, Chaboissier MC, et al. Fgf9 and Wnt4 act as
antagonistic signals to regulate mammalian sex
determination. PLoS Biol 2006; 4: e187.

Gnessi L, Fabbri A, Spera G. Gonadal Peptides as
Mediators of Development and Functional Control of
the Testis: An Integrated System with Hormones and
Local Environment. Endocr Rev 1997; 18: 541-609.
Schmidt M, Loffler G. Induction of aromatase
activity in human adipose tissue stromal cells by
extracellular nucleotides-evidence for P2-
purinoceptors in adipose tissue. Eur J Biochem
1998; 252: 147-154.

Cardoso HJ, Figueira MI, Correia S, Vaz CV, Socorro
S. The SCF/c-KIT system in the male: Survival
strategies in fertility and cancer. Mol Reprod Dev
2014; 81: 1064-1079.

Blanchard KT, Lee J, Boekelheide K. Leuprolide, a
gonadotropin-releasing hormone agonist,
reestablishes spermatogenesis after 2,5-
hexanedione-induced irreversible testicular injury
in the rat, resulting in normalized stem cell factor
expression. Endocrinology 1998; 139: 236-244.
Strohmeyer T, Peter S, Hartmann M, Munemitsu S,
Ackermann R, Ullrich A, et al. Expression of the hst-1
and c-kit protooncogenes in human testicular germ
cell tumors. Cancer Res 1991; 51: 1811-1816.
Tajima Y, Onoue H, Kitamura Y, Nishimune Y.
Biologically active kit ligand growth factor is
produced by mouse Sertoli cells and is defective in
Sld mutant mice. Development 1991; 113: 1031-
1035.

Hess RA, de Franca LR. Spermatogenesis and cycle
of the seminiferous epithelium.  Molecular
mechanisms in spermatogenesis. Springer; 2008: 1-
15.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Sandlow JI, Feng HL, Sandra A. Localization and
expression of the c-kit receptor protein in human
and rodent testis and sperm. Urology 1997; 49: 494-
500.

Gambacorti-Passerini C, Tornaghi L, Cavagnini F,
Rossi P, Pecori-Giraldi F, Mariani L, et al.
Gynaecomastia in men with chronic myeloid
leukaemia after imatinib. Lancet 2003; 361: 1954-
1986.

Hou Z, Zhu HL, Liu T. Effects of imatinib mesylate on
the levels of endocrine hormones. Chinese J
Hematol 2013; 34: 762-766.

Ghalaut VS, Prakash G, Bansal P, Dahiya K, Dokwal
S, Ghalaut PS, et al. Effect of imatinib on male
reproductive hormones in BCR-ABL positive CML
patients: A preliminary report. J Oncol Pharm Pract
2013; 20: 243-248.

Prasad AM, Ramnarayan K, Nalini K, Bairy KL. Effect
of imatinib on the biochemical parameters of the
reproductive function in male Swiss albino mice.
Indian J Pharmacol 2011; 43: 389-392.

Schultheis B, Nijmeijer BA, Yin H, Gosden RG, Melo
JV. Imatinib mesylate at therapeutic doses has no
impact on folliculogenesis or spermatogenesis in a
leukaemic mouse model. Leukemia Res 2012; 36:
271-274.

Codrington AM, Hales BF, Robaire B. Exposure of
male rats to cyclophosphamide alters the chromatin
structure and basic proteome in spermatozoa. Hum
Reprod 2007; 22: 1431-1442.

Howell SJ, Shalet SM. Spermatogenesis after cancer
treatment: damage and recovery. J Natl Cancer Inst
Monogr 2005; 34: 12-17.

Mohammadnejad D, Abedelahi A, Soleimani-Rad J,
Mohammadi-Roshandeh A, Rashtbar M, Azami A.
Degenerative effect of Cisplatin on testicular
germinal epithelium. Adv Pharm Bull 2012; 2: 173-
177.

Kheradmand F, Hashemnia SM, Valizadeh N,
Roshan-Milani S. The Effects of Imatinib Mesylate on
Cellular Viability, Platelet Derived Growth Factor and
Stem Cell Factor in Mouse Testicular Normal Leydig
Cells. J Reprod Infertil 2016; 17: 82-87.

Nurmio M, Kallio J, Adam M, Mayerhofer A, Toppari
J, Jahnukainen K. Peritubular myoid cells have a role
in postnatal testicular growth. Spermatogenesis
2012; 2: 79-87.

Basciani S, Brama M, Mariani S, De Luca G, Arizzi
M, Vesci L, et al. Imatinib mesylate inhibits Leydig
cell tumor growth: evidence for in vitro and in vivo
activity. Cancer Res 2005; 65: 1897-1903.

Shu LL, Jiang QL, Meng FY, Yang M. Molecular
mechanism of imatinib-induced thrombocytopenia in
treatment of patients with CML. J Exp Hematol 2011,
19: 1314-1318.

Nurmio M, Toppari J, Zaman F, Andersson AM,
Paranko J, Soder O, et al. Inhibition of tyrosine
kinases PDGFR and C-Kit by imatinib mesylate
interferes with postnatal testicular development in the
rat. Int J Androl 2007; 30: 366-376.

Prasad AM, Ramnarayan K, Nalini K, Bairy KL. Effect
of imatinib on the biochemical parameters of the
reproductive function in male Swiss albino mice.
Indian J Pharmacol 2011; 43: 389-392.

Yaghmaei P, Parivar K, Gharibi A, Nabiuni M. The
biological effects of imatinib on male fertility of Wistar
rats. Int J Fertil Steril 2009; 3: 135-142.

International Journal of Reproductive BioMedicine Vol. 14. No. 9. pp: 577-582, September 2016 581


http://dx.doi.org/10.29252/ijrm.14.9.577
https://dor.isc.ac/dor/20.1001.1.24764108.2016.14.9.6.3
https://ijrm.ir/article-1-784-fa.html

[ Downloaded from ijrm.ir on 2026-06-12 ]

[ DOR: 20.1001.1.24764108.2016.14.9.6.3 ]

[ DOI: 10.29252/ijrm.14.9.577]

29.

30.

31.

32.

582

Hashemnia et al

Nurmio M, Kallio J, Toppari J, Jahnukainen K. Adult
reproductive functions after early postnatal inhibition
by imatinib of the two receptor tyrosine kinases, c-kit
and PDGFR, in the rat testis. Reprod Toxicol 2008;
25: 442-446.

Hashemnia SMR, Kheradmand F, Noori N, Roshan-
Milani ' S. Inhibition of growth factor signaling
pathways by imatinib mesylate in mouse normal
leydig cells. J Urmia Univ Med Sci 2013; 24: 718.
Fitter S, Vandyke K, Gronthos S, Zannettino AC.
Suppression of PDGF-induced PI3 kinase activity by
imatinib promotes adipogenesis and adiponectin
secretion. J Mol Endocrinol 2012; 48: 229-240.

Yan W, Kero J, Huhtaniemi I, Toppari J. Stem cell
factor functions as a survival factor for mature Leydig

33.

34.

35.

cells and a growth factor for precursor Leydig cells
after ethylene dimethane sulfonate treatment:
implication of a role of the stem cell factor/c-Kit
system in Leydig cell development. Dev Biol 2000;
227: 169-182.

Nurmio M. Cancer therapy-related toxicity in the
immature testis. [Doctoral thesis]. Turun Yliopiston
Julkaisuja: 2009.

Turjap M, Jurica J, Demlova R. Potential
clinical benefit of therapeutic drug monitoring of
imatinib in oncology. Klinicka Onkologie 2015; 28:
105-111.

Al-Hadiya BM, Bakheit AH, Abd-Elgalil AA. Imatinib
mesylate. Profiles Drug Subst Excip Relat Methodol
2014; 39: 265-297.

International Journal of Reproductive BioMedicine Vol. 14. No. 9. pp: 577-582, September 2016


http://dx.doi.org/10.29252/ijrm.14.9.577
https://dor.isc.ac/dor/20.1001.1.24764108.2016.14.9.6.3
https://ijrm.ir/article-1-784-fa.html
http://www.tcpdf.org

