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INTRODUCTION 

Testicular cancer reports 1% for human malignancies in 

males and its incidence is increasing worldwide in last 

fifty years. This cancer develops in male reproductive 

part which results lump in testicles, swelling or pain in 

scrotum. Testicular cancer occurs mainly in germ cell 

accounts for more than 95% of testicular malignancies 

called as testicular germ cell tumors. Among various 

tumor associated with germ cells are predominantly 

common and are classed into two categories seminomas 

tumors and non- seminomas tumors  (cancer that develop 

from sperm or eggs cells and tumors which are made up 

of more than one type of cell respectively) other type 

include sex-cord, stromal tumor and lymphomas. 

Testicular cancer is usually curable and treatable, 

radiation therapy, stem cell transplantation, 

chemotherapy are the treatment options. Even in severe 

cases treatment is possible cure rate is higher than 80% 

for this cancer.  Diagnosis for this cancer is based on 

ultrasounds, physical examination and blood tests. It 

occurs in males of 20-34 years old very rare before 15 

years old males. 

 

The main etiology of testicular cancer is clearly not 

known but the there are few risk factors responsible for 

developing testicular cancer which are undescended 

testicles (testicle which has not moved properly into 

scrotum before birth), sexual disorders. It is assumed that 

presence of tumor results in undescended testicles and 

conjunction of both undescended testicles and tumor 

leads enlargement of tumor. Other genetic diseases are 

also the risk factor for this cancer.  

 

Genetic factors associated with testicular cancer 

The association of genetic factors with testicular cancer 

has been acknowledged widely. Through the population 

based study which was conducted in year 2000. It 

revealed that in a family if any one consist history of 

testicular cancer prone to the disease 8to10 fold than 

population without this factor of testicular cancer also a 

father affected with testicular cancer increases the 

chances of causing disease in his child from 6-10  

folds.
[1-3]

 Testicular cancer has been raised as factor 

mostly associated with neoplasm and the genetic factors 

next to thyroid and endocrine glands.  The recent study 

evaluate that monozygotic and dizygotic twins 

individually which revealed esteemed intimate risk of 

heritability for testicular cancer.
[4]

 

 

Beside all these evidence regarding the genetic 

background of testicular cancer development, the 

requirement of relevant study providing facts of genetics 

in individual containing testicular cancer associated 

family history is the main provocation. Crockford et al 

conducted the study of linkage in pedigree family of 237 

among them one or few case history with testicular 
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ABSTRACT 

Testicular cancer occurs in male reproductive part testicles it produces sperm and sex hormones in comparison of 

other type of cancer this is a rare one. The 90% of testicular cancer starts in germ cell (cells which makes sperms). 

So the germ cell tumor of testicles are classified into seminomas and non-seminomas, both of them occurrence rate 

are equal few testicular cancer consist both non-seminomas and seminomas. The pathogenesis and differentiation 

associated with molecular mechanism of testicular cancer can be understood through their associated genes, 

chromosomal abnormalities and molecular mechanism for the development of cisplatin acquired resistance. The 

epigenetics is also a important factor for testicular cancer it inherit the genetic factors which do not depends on 

genetic sequence variation but associated with expression and  regulation of genes through  methylation, 

modification of DNA protein histone. The studies associated with testicular cancer had shown that tumor cells 

DNA exhibit hypomethylation in comparison to normal cells.  The molecular mechanism associated with cisplastin 

resistance and sensitivity is also explained.  

 

KEYWORD: Testicular cancer, Sex hormones, Seminoma, Genetics, Epigenetics. 
 

*Corresponding Author: Dr. Sharique Ahmad 

Department of Pathology, Era's Lucknow Medical College and Hospital, Era University, Lucknow, Uttar Pradesh-226003.  

 

http://www.ejpmr.com/


www.ejpmr.com 

Ahmad et al.                                                                 European Journal of Pharmaceutical and Medical Research 

364 

cancer it shown 6 regions of interest on chromosomes as 

susceptibility loci by the technique chromosome 

conformation capture analysis.
[5]

 It is associated with 

analyzing chromatin spatial arrangement in cells of 

testicular cancer function in chromatin interaction 

between proneness of target gene and SNPs which 

shown 3 feasible process of pathogenesis. Specifically 

risk associated 10 of the loci consisting genes involved 

with cell development related transcription regulation 

like GATA4 and 1 gene. They both function as a 

transcription factor responsible for postnatal testicular 

development, specification and differentiation. Risk 

associated with alleles polymorphisms of these genes 

were previously involved in progression of tumors.
[6,7]

 

PRDM14 and DMRT1 both gene were also found to be 

associated significantly and involved in sex 

determination and specification of germ cell. 

 

The SALLA4 is a novel marker of germ cell in detecting 

testicular cancer it works through disruption of POU5F1 

binding motif and further involve in conserving the 

pluripotency of embryonic stem cell.
[8,9,10]

 Additionally 

five testicular cancer loci are found to be involved with 

genetic variation in pre-specified gene (candidate gene) 

with functionality in chromosomal assembly  and 

microtubule assembly specifically TEX14 gene is 

responsible for assembly of kinetochore in the 

TGCTs.
[11]

 Microtubule organization in interphase 

require essential proteins which is provided by WDR73 

gene.
[12]

 Few testicular cancer risk loci had delimit the 

KIT-MAPK cell signaling major role, Litchfield  et al 

established the evidence regarding KIT gene is a main 

somatic driver of testicular cancer development.
[13]

 All of 

these clearly reveals the pathogenesis of testicular cancer 

relies on genetic  factors on wider scale. Recently copy 

number variations (CNVs) role in cancer development 

specifically testicular cancer have given spark to the 

genetic factor and testicular cancer association.
[14,15]

   

 

The investigation in this respect was conducted for 

analyzing involvement of E2F-1 gene and CNVs as a 

risk factor for testicular cancer development.  As E2F-1 

protein is a regulatory transcription factor for transition 

of G1 to S-phase in cell cycle by interacting with tumor 

suppressor gene pRb (retinoblastoma). Deregulation of 

E2F-1 –pRb binding elevate the access of E2F-1 for 

binding its target gene, it increase susceptibility of tumor 

development.
[16]

 In a study group of 261 patients 

consisting testicular germ cell history and control of 165 

samples were studied which shown duplication of E2F-1 

gene only in testicular germ cell patients. This was 

involved with elevated expression of E2F-1 in tumor 

specimen only procure from the patients consisting 3 

E2F-1 copies. Although, non-tumor specimen shows 

lower level expression of E2F-1 and downstream mTOR 

phosphorylation.
[17]

 These findings  suggested 

involvement of E2F-1 and CNVs in susceptibility of 

testicular germ cell tumor (TGCT) with Akt/mTOR 

pathways of cell signaling. This tumor arise through 

transformation of germ cells, transformed germ cell 

exhibit pluripotency to differentiate in embryonic, extra 

embryonic and somatic tissue and also highly sensitive to 

cisplatin-based chemotherapy. 

 

TGCTs contain various subtype as of microscopic 

anatomy in addition of seminomas and non-seminomas 

which are formed by extra gonadal and gonadal sites.
[18]

 

Both of them are two main subtype of TGCTs and 

contain distinct biological features and potential of 

metastasis, on other side non-seminomas function in  

differentiation of chorion, yolk sac, allantois the extra 

embryonic membrane and also embryonic differentiation 

its patterns encompasses, primordial zygote  and 

phenotypes such as choriocarcinoma of extra-embryonal 

differentiation and tumor associated with yolk sac, 

operating  a higher  susceptibility for initial development 

and a imperfect diagnosis  in advanced stage. The 

seminomas and non-seminomas tumors both shows 

capability of invasiveness they immerse by the common 

ancestor, which is carcinoma in situ where tumor cells 

arise and restricted in semniferous tubules.
[19,20]

 

 

The non-seminomatous consist embryonal carcinoma, it 

has resemblance with stem cell and had the capacity to 

differentiate in various somatic lineages and the 

seminomas tumor has similarity with primordial germ 

cells and carcinoma in situ cells of forming TGCTs as a 

model for revealing gamete formation and development 

of germ cell in cancerous and normal system. In fact 

TGCTs associated with pathogenesis initiation is 

reported which occurs in uterus at the time of 

development of embryo with germ cell neoplasm non- 

differentiation or carcinoma in-situ development, it 

shows the primitive lesions. It is accomplished by 

dormancy interval which stops after puberty, 

postpubertal TGCTs emerged and suggests the testicular 

cancer can occur through hormonal burst. Wicha et al 

reported that testicular tumor originates and revealed the 

neoplastic cells keep stem cell characteristic arises from 

testicular tumors.
[21]

  

 

Abnormalities and polymorphism of testicular cancer 

Molecular  abnormalities of testicular cancer includes 

gain of function or loss of function in  few particular 

chromosomal region like the presence of abnormalities 

of chromosome arms 12p  and their increase in number 

of copies. This is present in entire germ cell and involved 

in early stage of transformation in malignant tumors.
[22]

 

The molecular process of progression in germ cell is not 

understood strongly. The vulnerability of TGCTs is 

caused due to genetic effects, the powerful association 

for testicular cancer is been reveled through (SNPs) in 

the kit-ligand gene at the 12q22 position.  It correspond 

the elevation of disease risk at 2.5 fold, the kit-ligand 

gene is associated in various features of progenitor germ 

cell (PGC) mainly  survival and migration types of 

development.
[23]

 c-kit gene is  expressed very strongly in 

gonocytes  fetus  and pediatric stage, this gene in human 

encodes activity of  tyrosine kinase receptor associated in 

spermatogenesis, melanocytes, haemopoiesis.
[24]

 The 
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ligand or stem cell  factor of c-KIT  oncogene KITLG is 

situated on 12q21.3.2 position of chromosome, It is 

important for carrying out the dimerization  of c-KIT and 

autophosphorylation for signaling of c-KIT-KITLG 

activation  of its targets for survival and proliferation.
[25]

 

Variation in KITLG sequence  is amenable  for 

susceptibility of developing testicular cancer had 

recently  been documented. The risk of SNP represents 

the most persistent alleles in Caucasian population 

generally and lacking in black Asian population this 

explains ethnic distribution of testicular cancer. The 

pathway of KIT is proposed to be activated constituently 

in TGCTs due to mutation in KIT oncogene or 

overexpression.
[26]

 

 

Beside c-Kit two other genes are identified as risk 

variants sprouty RTK signaling Antagonast-(SPRY4) 

and BAK-1 -associated receptor kinase (BAK1) genes. 

The c-kit /KITLG associated genes participates in 

survival of germ cell and gonodal development in initial 

stages.
[27,28]

 Genes SPRY4 is positioned at chromosome 

no.5 and it work as an inhibitor for protein kinase 

pathway involved with testicular tumor on the other side 

BAK1 involved with neoplasia function for promoting 

apoptotic  factor it get  halted through KITLG-KIT 

pathway. SNP related study in BAK-1, DMRT1 and 

KITLG shown the risk variants for both bilateral and 

familial testicular germ cell tumors.
[29]

 The enzyme 17- β 

hydroxydehydrogenase-4 associated polymorphism is 

accountable for conversion of androgen to estrogen 

which is involved in TGCTs.
[30,31]

 Additionally 

cytochrome P450 Cyp1A1 gene associated 

polymorphism encodes a hormone metabolize the 

protein, which have been recognized and correlated with 

vulnerability of TGCTs development.
[32]

 Other most 

studied gene in respect of polymorphism is androgen 

receptor (AR) this gene is situated  at Xq11q12 position 

and it shows two polymorphic  regions situated at trans-

activation domain in combination of codons  for 

glutamine and glycine  CAG and GCN respectively.
[33]

 

These trinucleotide repeats of polymorphic form changes 

leads to amend the AR associated transactivation and this 

results in seminoma development associated risk and 

carcinoma in-situ associated progression very 

strongly.
[34]

 The suggestion had been made that all these 

sequences of  polymorphic form presence  may be 

associated with increased risk of TGCTs. However 

particular SNPs are recognized with development of 

TGCTs.
[35]

 The transcription factor DMRT1 belongs to 

DNA binding gene family had a powerful implication in 

the testicular development among vertebrates and  also 

involved in development of tumor with variation  in 

genetics have strong  relationship with susceptibility of 

developing TGCTs, expressed as pluripotent gene in 

testicular cancer. Other pluripotent gene NANOG and 

POU5F1 plays role in gametogenesis, differentiation and 

in tumor pluripotency.
[36]

 

 

 

 

Epigenetic of testicular cancer 

Beside genetic factors epigenetic mechanism is also an 

important factor involved in testicular cancer 

development. Epigenetics is measure of changes 

associated with alteration in gene expression without any 

changes in the sequence of DNA. It depends on histones 

post-transductional modification or DNA methylation. 

The inheritance needs transmission through germline in 

epigenetic patterns among generations. Programming of 

epigenetic occurs at the time of embryonic development 

in sex-selective manner sex from germline. In males after 

puberty spermatogenesis when become fully functional 

leads to epigenetic modification along with various steps 

of spermatogenesis differentiation from spermatogonia to 

spermatozoa in testicular germ cell. Infact, the 

demonstration of various spermatogenesis steps shows 

effective epigenetics associated modifications. These 

changes revealed that expression of various enzyme are 

involved in modification.  The enzyme DNA 

methyltransferases (Dnmts) and histone 

methyltransferases (HMTs) are expressed in 

spermatogonia, and spermatocyte levels respectively. 

Hyperacetylation of H4 histone plays important role in 

histone removal and during spermatogenesis they are 

replaced by protamines. The environmental factors have 

the capability to alter the programming of epigenetic, it 

leads to the impact on offspring development. The 

alteration in epigenetic mechanism is one of the factors 

of TGCTs, gene methyaltion alteration in relation of 

tumor suppressor genes is common and important for 

tumorigenesis. Abnormality of hypermethylated CpG 

islands are found in every tumor including TGCTs. DNA 

hypomethylation of oncogenes leads DNA 

overexpression and finally to carcinogenesis.
[37,38]

  

 

The cases of embryonal carcinogenesis revealed the 

methylation of intermediate type and seminomas, 

gonadoblastoma have higher DNA methylation. 

Abnormalities in the regulatory gene promoters region, 

results in silencing of gene expression all of this leads 

progression towards testicular cancer. The tumor 

suppressor genes hypermethylation of promoter region at 

CpG islands is an important process of gene 

inactivation.
[39]

 Genes of adult are methylated  at 

promoter  region in cancer and are found to be 

unmethylated in embryonal carcinomas cells. The 

epigenetic associated studies in TGCTs cases revealed 

that DNA methylation is important for germ cells 

development and this modification is associated with 

DNMT3a and 3L associated with de novo methylation 

throughout the development of prenatal stage in germ 

cell. In males after birth DNMT1 and DNMT3b are 

involved for methylation and proliferation maintenance 

in spermatogonia.
[40]

 DNMT1 in embryonal carcinoma is 

found to be upregulated and DNMT3a is highly 

expressed in testicular tumor in contrast to non-tumor 

testicular tissues.
[41,42]

 DNMT3b is considered as 

predictive marker elevated risk of patients became 

critically worse with seminomas of stage-1. The tumors 

of non-seminoma type consist overexpressed DNMT3L, 
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indicates a new and important factor for human 

embryonic cells growth its supression results in 

inhibition of growth with resulting increase in 

methylation in LINE1 sequences.
[43]

 

 

The intensity of methylation difference in seminomatous 

and nonseminomatous in testicular tumors is obtained 

from methylation of repetitive elements in DNA mainly 

Alu transposable elements.
[44]

 Demethylation in 

transposable elements intensity is greater in seminomas 

than in non-seminomas. The degree of demethylation in 

LINE1 and Alu was evidently higher in testicular germ 

cell tumor than in tissue other than reproductive tissue 

(somatic tissue) of cancer cells. The special methylation 

at repetitive elements of DNA patterns are present in 

seminomas it speculate TGCTs genesis and their nature 

of pluripotentency inspite of DNA demethylation seen 

globally in cancer. The seminomas tumors and non- 

seminomas tumor contains LINE1 hypomethylation in 

DNA is because of epigenetic associated PIWI-

interacting RNAs (piRNAs) inhibition which is group of 

non-coding small RNAs mainly present in lineage of 

germ cell and translated through the genome consisting 

transcribed repetitive, and transposable elements and 

various proteins of Argonaute (PIWIL1, PIWIL2, 

PIWIL4).
[45]

 Undifferentiated germ cell tumors, early 

fetal germ cell and contains similar pluripotency of 

Nanog and Oct3/4 expression act as transcription factors. 

The regulation associated with  the protein Oct4 and p53 

are reciprocally homeobox containing pluripotency 

network and transcription factor  and is predominantly 

responsible for pluripotency maintenance and resumption 

of undifferentiated stem cells of embryo and 

differentiation mediated suppression.
[46]

 This can be 

detected in seminomas, embryonal carcinoma of germ 

cell and carcinoma cells, Nanog is not seen in somatic or 

adult cells of testis and their promoters leads to 

hypomethylation in spermatogonia and hypermethylation 

in sperm.
[47]

 Methylation of CpG sites promoter can be 

silenced by OCT3/4-SOX2 associated expression of 

Nanog.  DNA methylation in humans at different 

promoter elements is capable for inducing the Nanog 

expression silencing.  Disregulation of DNA methylation 

gives an alternate mechanism of genetics for 

suspectibilty of TGCTs of familial types. In white blood 

cells (WBC) upregulated level of methylation at 

promoter site is seen in PDE11A, SPRY4 and BAK1 

genes and down regulation of KITLG gene these all are 

associated in TGCTs of familial type.
[48]

 

 

All of these changes associated with methylation of 

promoter may inhibits PDE11A, SPRY4, BAK1 and 

activate KITLG pathway further non seminoma tumors 

involve hypermethylation in several genes (MGMT, 

HIC1, APC, FHIT). Tumors which are sensitive shows 

hypermethylation in MGMT involve removal of DNA 

adduct and RARB involved in Retionic acid signaling. 

Other tumors which are resistant had hypermethylated 

HIC1 promoters and RASSF1A
[49]

 Modifications of 

epigentics also occurs during spermatogenesis through 

various histone methyltransferase family which mediates 

histone3 lysine9 associated dimethylation or 

trimethylation. The family members of p63, p73, p53 

genes plays role in tumors of germ cells. The unique 

expression of p63 isoform is observed in testis of humans 

and apes, epigenetic regulation leads 70-100% of all 

invasive tumor which assumed that these proteins works 

as proto-oncogenes in germ cell.
[50]

 Non-seminoma 

consist  few gene involved in  activating  histone H3-H4 

methylation  and  few gene contain  silencing of H3K9 

this is observed in various subtypes revealing that would 

leads in abnormal expression of gene in the  testicular 

tumor subtype.  Additionally carcinoma in situ revealed 

the existence of low level of Histone H3K9me2 and 

H3K27me3 leads to repressive modification with higher 

levels of Histone acetylation and methylation at H3K9 

and H3K4 respectively.
[51]

 

 

Testicular cancer sensitivity and resistance associated 

molecular mechanism 

Testicular cancer cure rate is more than 80% due to its 

efficacy towards cisplatin treatment. The 

chemoresistance  development in these tumors not only 

revealed several authors to concrete on the molecular 

mechanism  associated with resistance but also to 

develop constructive treatment for the pattern  of 

invasive cancer of somatic tissue. Chemosenstivity is a 

native factor of tumors it is not associated with particular 

drug or its utilization it depends on the capability of 

sensing the destruction for activating the DNA Damage 

response (DDR). Which further function through 

encountering apoptosis, inhibition of DNA repair process 

and regulation of cell cycle in testicular tumors and 

rearrangement of DNA happens specifically in 

machinery of DNA repair. Where due to lower level of 

DNA repair protein expression renders its sensitivity for 

tumor cell towards drug.
[52,53]

  Non-seminomas show 

higher resistance towards chemotherapy and higher 

excision repair cross complementation group 1 (ERCC1) 

protein in comparison of tissues of seminoma.
[54]

  The 

higher level of ERCC1  is seen in cisplatin resistance cell 

lines and early stages of testicular cancer samples in 

comparison  with cisplatin sensitive counterparts.
[55]

 The 

DNA repair element downregulation may participate in 

chemosenstivity the way through which cell sensed the 

DNA damage and p53 response to it both are 

responsiveness of chemotherapy. 

 

p53 mutation is seen  in almost  all type of cancers, 

inactivated by  non-genomic mechanism functionally in 

the remaining cancers. It is not found to be mutated in 

testicular cancers and activates various chemotherapeutic 

agents exposure and the events for performing 

chemosensitivity of various tumors.
[56]

 As it is a proto-

oncogene works in apoptosis and regulation of cell cycle 

the two mutually exclusive cellular events.
[57]

 In 

testicular cancer p53 retain wild type after non-genomic 

neutralization so it helps  in resistance of drugs at the 

time of  cell cycle arrest event or therapy associated with 

sensitivity. Infact the inability of these tumors of 



www.ejpmr.com 

Ahmad et al.                                                                 European Journal of Pharmaceutical and Medical Research 

367 

repairing leads the effects of activating p53 activity 

downstream which enhance the burden of damage and 

further it activates apoptosis above cell cycle 

inhibition.
[58]

 

 

Various facts have revealed that in exceptional TGCTs 

sensitivity apoptosis have a vital position    towards 

cisplatin associated therapy because of its specific 

sensitivity towards p53 activation.  The wild type p53 

suppression in testicular germ cell tumors can eliminate 

the cisplatin sensitivity of take decision of apoptosis or 

cell cycle arrest resulting chemosenstivity and resistance. 

The TGCT sensitive cells leads to activation of  p21 and 

HDM2 associated expression following cisplatin drug 

therapy.
[59]

  So, p53 will able to interrelate with Oct-4 

resulting an interplay between both of them which will 

be amenable  for chemotherapy and retaliation of these 

tumors.  

 

The embryonic transcription factor Oct-4 binds over 

DNA sequence with its POU domain it control the 

pluripotency and survival in embryonic stem cell where 

it is expressed in cooperation with distinct transcription 

factors like SOX-2. In TGCTs cells at lysine k123 

position Oct4 sumoylation promotes hypoxia and 

downregulation of Oct-4 event is amenable for resistance 

associated in both cisplatin and bleomycin resistance in 

comparison peptidase SENP1 can sumolyate Oct-4 and 

improvise the TGCTs cells chemosenstivity. Rather than 

Oct-4 presence cellular context is responsible and liable 

for promotion of chemosensitivity in various tumors. 

Probably the absence of p53 in TGCTs and mutant 

dispossess the particular cancerous cells by properties 

promoting cancer like the capability of inducing high 

affinity transcription from promoter p21. The mutation in 

p53 gene are pronounced to increase reprogramming 

from normal to stem cell in Oct4 and Sox2 existence.
[60]

 

If p53 mutations is not present TGCTs can be constantly 

their but Oct-4 re-expression for supporting cancer 

formation by the pro-survival network of embryonic cell 

is the normal feature for testicular tumors. So, neither 

p53 nor Oct-4 leads chemoresistance rather both p53-oct-

4 reciprocally works. These two factors balance with 

each other oct-4 is a core factor of stemness and recently 

established reprogramming of somatic cells associated 

integral component it stimulates stem cells pluripotency 

and p53 is responsible for blocking the stimulation of 

pluripotency. It results in negative effect of both on 

differentiation promotion, cell cycle regulation, stemness 

organization and stimulation of survival, it is accountable 

for apoptotic stimuli sensitivity retainment. 

Contradictorily, p53 and oct-4 associated mutations leads 

to resistance from cisplatin
[61]

 TGCTs associated 

chemosentivity is done by cellular factors of TGCTs 

instead of Oct4. In TGCTs p53 mutation absence may be 

consistent imposed by Oct4 by re-expression for 

carcinogenesis through establishment of pro-survival 

network of embryonic cell which is representative 

feature for this tumor. TGCTs associated cisplatin 

treatment leads to downregulation of p21 G/M phase 

inhibition and then cell death through the apoptosis 

mechanism, which leads to miR32a upregulation.
[62]

 

Infact miR372 and 73 are induced with transcription 

factors Oct-4, Sox-2 and Nanog are overexpressed in 

TGCTs by inhibition of large tumor suppressor homolog 

(LATS2) expression a wild type p53 stimulation 

associated target gene. The p53 determines the cisplatin 

response but not alone with its other family member p63 

or p73 can also  play prominent role testicular cancer, 

mainly in  the  cases of  p53 functionality is lost function 

by Noxa and Puma regulation or other regulator of p53  

MDM2 may intervene.  In testicular germ cell tumor the 

DNA mismatch repair works alongwith chemosenstivity 

connected to lower nucleotide excision repair activity. 

The resistance  of tumor were involved with errors in 

mismatch mispair repair (MMR)  and consist instability 

of microsatellite  developed from low expression  of 

MMR protein  MLH 1,6,2
[63]

  If there is  loss of  function 

in MMR then lesion such as BRAF mutation activation 

are the requirement of cells for its viability and which 

will lead to chemosenstivity. The capability of repairing 

DNA damage reduction is due to defects in homologous 

recombination and crosslink repair between two strands. 

The elevated level of p53 intratumoral level are mainly 

responsible for apoptotic factors Noxa, Puma in TGCTs 

higher level of BCl-2 exist.  Therefore in both chemo 

sensitive and resistant cells of testicles, the pathways of 

Oct4/miR-106b/p21or p21 of cytoplasm are related 

directly in targeting the modulation and inhibition of 

tumor suppressor genes p53 and MDM2 interaction 

results to p53 pathway hyperactivation and stimulation of 

apoptosis influentially. Juliachs et al demonstrated that 

PDGRFβ–AKT pathway has major contribution for 

cisplatin resistance in testicular tumors.
[64]

 The pathway 

phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase 

(PTEN)  which can only the inhibitory   enzyme of the 

PDGRFβ–AKT pathway  is lost in almost all type of 

TGCTs.
[65]

 On the other hand overexpression of AKT 

pathway has been analyzed in testicles of  tumor cells 

which are sensitive to cisplatin in comparison of 

complementary cells containing sensitivity this is 

consequence of platelet-derived growth factor receptor 

beta (PDGFR-beta) and their associated ligand level 

increased along with protein levels  and mRNA level 

.Likewsie, The effective combination of genomics, 

proteomics, transcriptomics, metabonomics explore the 

defective mechanism of genes, proteins, RNA and 

metabolic product by which prognosis and treatment of 

cervical cancer become possible.
[66]

 Cell signaling also 

place a major part in all of these process, without it not a 

single cell would respond. Hence, will lead to 

uncontrolled cell division and cell cycle leading to 

finally causation of cervical cancer and other types of 

cancers. 

 

CONCLUSION 

Testicular cancer is prominent in males consisting higher 

rate of prevalence it occur mainly at the reproductive 

age. This cancer mainly forms in reproductive part of 

males and most of the cancer of this type arise in germ 
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cell so named as testicular germ cell tumor. The 

progression associated with this caner had been increased 

in last few decades.  The molecular mechanism 

associated with disease can be explained mainly with its 

genetics, epigenetics and a chromosomal abnormality all 

of these factors leads the complete understanding of this 

cancer mechanism. The etiology of Testicular cancer is 

not very much clear but the risk factor involved with it is 

cryptorchidism, sexual disorders and several other. The 

novel strategy of investigation is important for clarifying 

progression of testicular germ cells tumors also for 

further prognosis and diagnosis. 

 

REFERENCES 

1. Westergaard T, Olsen JH, Frisch M, Kroman N, 

Nielsen JW, Melbye M. Cancer risk in fathers and 

brothers of testicular cancer patients in Denmark. A 

population-based study. Int. J. Cancer, 1996; 66: 

627–31. 

2. Gundy S, Babosa M, Baki M, Bodrogi I. Increased 

predisposition to cancer in brothers and offspring of 

testicular tumor patients. Pathol. Oncol. Res, 2004; 

10: 197–203.  

3. Hemminki K, Chen B. Familial risks in testicular 

cancer as aetiological clues. Int. J. Androl, 2006; 29: 

205–10.  

4. Mucci LA, Hjelmborg JB, Harris JR, Czene K, 

Havelick DJ, Scheike T, et al. Familial risk and 

heritability of cancer among twins in Nordic 

countries. JAMA, 1998; 315: 68–76.  

5. Crockford GP, Linger R, Hockley S, Dudakia D, 

Johnson L, Huddart R, et al. Genome-wide linkage 

screen for testicular germ cell tumour susceptibility 

loci. Hum. Mol. Genet, 2006; 15: 443–51. 

6. Agnihotri S, Wolf A, Munoz DM, Smith CJ, 

Gajadhar A, Restrepo A, et al. A GATA4-regulated 

tumor suppressor network represses formation of 

malignant human astrocytomas. J. Exp. Med, 2011; 

208: 689–702.   

7. Hellebrekers DM, Lentjes MH, van den Bosch SM, 

Melotte V, Wouters KA, Daenen KL, et al. GATA4 

and GATA5 are potential tumor suppressors and 

biomarkers in colorectal cancer. Clin. Cancer Res, 

2009; 15: 3990–7. 

8. Kurimoto K, Yamaji M, Seki Y, Saitou M. 

Specification of the germ cell lineage in mice: a 

process orchestrated by the PR-domain proteins, 

Blimp1 and Prdm14. Cell Cycle, 2008; 7: 3514–8.  

9. Ohinata Y, Ohta H, Shigeta M, Yamanaka K, 

Wakayama T, Saitou M. A signaling principle for 

the specification of the germ cell lineage in mice. 

Cell, 2009; 137: 571–84.   

10. Yamaji M, Seki Y, Kurimoto K, Yabuta Y, Yuasa 

M, Shigeta M, et al. Critical function of Prdm14 for 

the establishment of the germ cell lineage in mice. 

Nat. Genet, 2008; 40: 1016–22.  

11. Mondal G, Ohashi A, Yang L, Rowley M, Couch FJ. 

Tex14, a Plk1- regulated protein, is required for 

kinetochore–microtubule attachment and regulation 

of the spindle assembly checkpoint. Mol Cell, 2012; 

45: 680–95. 

12. Colin E, Huynh Cong E, Mollet G, Guichet A, 

Gribouval O, Arrondel C, et al. Loss-of-function 

mutations in WDR73 are responsible for 

microcephaly and steroid-resistant nephrotic 

syndrome: Galloway–Mowat syndrome. Am. J. 

Hum. Genet, 2014; 95: 637–48. 

13. Litchfield K, Summersgill B, Yost S, Sultana R, 

Labreche K, Dudakia D, et al. Whole-exome 

sequencing reveals the mutational spectrum of 

testicular germ cell tumours. Nat. Commun, 2015; 6: 

5973. 

14. de Smith AJ, Walters RG, Froguel P, Blakemore AI. 

Human genes involved in copy number variation: 

mechanisms of origin, functional effects and 

implications for disease. Cytogenet Genome Res, 

2008; 123: 17–26 

15. Edsgärd D, Dalgaard MD, Weinhold N, 

Wesolowska-Andersen A, RajpertDe Meyts E, 

Ottesen AM, et al. Genome-wide assessment of the 

association of rare and common copy number 

variations to testicular germ cell cancer. Front 

Endocrinol, 2013; 4: 2. 

16. Giacinti C, Giordano A. RB and cell cycle 

progression. Oncogene, 2006; 25: 5220–7. 

17. Rocca MS, Di Nisio A, Marchiori A, Ghezzi M, 

Opocher G, Foresta C, et al. Copy number variations 

of E2F1: a new genetic risk factor for testicular 

cancer. Endocr Relat Cancer, 2017; 24: 119–25.  

18. Jemal A, Tiwari RC, Murray T, Ghafoor A, Samuels 

A, Ward E, Feuer EJ and Thun MJ. Cancer statistics, 

2004. CA Cancer J Clin, 2004; 54: 8-29. 

19. Looijenga LH, Gillis AJ, Stoop H, Biermann K and 

Oosterhuis JW. Dissecting the molecular pathways 

of (testicular) germ cell tumour pathogenesis; from 

initiation to treatmentresistance. Int J Androl, 2011; 

34: 234-251.  

20.  Alagaratnam S, Lind GE, Kraggerud SM, Lothe RA 

and Skotheim RI. The testicular germ cell tumour 

transcriptome. Int. J. Androl, 2011; 34: 133-50. 

21. Wicha MS, Liu S, Dontu G. Cancer stem cells: an 

old idea- -a paradigm shift. Cancer Res. 2006; 

66:1883–1890. 

22. Chieffi P, Chieffi S. Molecular biomarkers as 

potential targets for therapeutic strategies in human 

testicular germ cell tumors: an overview. J Cell 

Physiol, 2013; 228: 1641– 1646. 

23. Richardson BE, Lehmann R. Mechanisms guiding 

primordial germ cell migration: strategies from 

different organisms. Nat Rev Mol Cell Biol, 2010; 

11: 37–49. 

24. Cardoso HJ, Figueira MI, Socorro S. The stem cell 

factor (SCF)/c-KIT signalling in testis and prostate 

cancer. J. Cell. Commun. Signal, 2017; 27: 12079-

17-0399. 

25. Heaney JD, Lam MY, Michelson MV, Nadeau JH. 

Loss of the transmembrane but not the soluble kit 

ligand isoform increases testicular germ cell tumor 



www.ejpmr.com 

Ahmad et al.                                                                 European Journal of Pharmaceutical and Medical Research 

369 

susceptibility in mice. Cancer Res, 2008; 68: 5193–

5197. 

26. Heaney JD, Lam MY, Michelson MV, Nadeau JH. 

Loss of the transmembrane but not the soluble kit 

ligand isoform increases testicular germ cell tumor 

susceptibility in mice. Cancer Res, 2008; 68: 5193–

5197. 

27. Poynter JN, Hooten AJ, Frazier AL, Ross JA. 

Associations between variants in KITLG, SPRY4, 

BAK1, and DMRT1 and pediatric germ cell tumors. 

Genes Chromosomes Cancer, 2012; 51: 266–271. 

28. Yan W, Samson M, Jégou B, Toppari J. Bcl-w 

forms complexes with Bax and Bak, and elevated 

ratios of Bax/ Bcl-w and Bak/Bcl-w correspond to 

spermatogonial and spermatocyte apoptosis in the 

testis. Mol. Endocrinol, 2000; 14: 682–699. 

29. Kratz CP, Han SS, Rosenberg PS, Berndt SI, Burdett 

L, Yeager M, Korde LA, Mai PL, Pfeiffer R, Greene 

MH. Variants in or near KITLG, BAK1, DMRT1, 

and TERTCLPTM1L predispose to familial 

testicular germ cell tumour. J Med Genet, 2011; 48: 

473–476. 

30. Chia VM, Li Y, Quraishi SM, Graubard BI, 

Figueroa JD, Weber JP, Chanock SJ, Rubertone 

MV, Erickson RL, McGlynn KA. Effect 

modification of endocrine disruptors and testicular 

germ cell tumour risk by hormonemetabolizing 

genes. Int J Androl, 2010; 33: 588–596.  

31. Ferlin A, Ganz F, Pengo M, Selice R, Frigo AC, 

Foresta C. Association of testicular germ cell tumor 

with polymorphisms in estrogen receptor and steroid 

metabolism genes. Endocr Relat Cancer, 2010; 17: 

17–25. 

32. Figueroa JD, Sakoda LC, Graubard BI, Chanock S, 

Rubertone MV, Erickson RL, McGlynn KA. 

Genetic variation in hormone metabolizing genes 

and risk of testicular germ cell tumors. Cancer 

Causes Control, 2008; 19: 917–929. 

33. Grigorova M, Punab M, Kahre T, Ivandi M, 

Tõnisson N, Poolamets O, Vihljajev V, Žilaitienė B, 

Erenpreiss J, Matulevičius V, Laan M. The number 

of CAG and GGN triplet repeats in the Androgen 

Receptor gene exerts combinatorial effect on 

hormonal and sperm parameters in young men. 

Andrology, 2017; 5: 495–504. 

34. Davis-Dao CA, Siegmund KD, Vandenberg DJ, 

Skinner EC, Coetzee GA, Thomas DC, Pike MC, 

Cortessis VK. Heterogenous effect of androgen 

receptor CAG tract length on testicular germ cell 

tumor risk: shorter repeats associated with 

seminoma but not other histologic types. 

Carcinogenesis, 2011; 32: 1238–1243. 

35. Västermark Å, Giwercman YL, Hagströmer O, 

Rajpert DeMeyts E, Eberhard J, Ståhl O, Cedermark 

GC, Rastkhani H, Daugaard G, Arver S, Giwercman 

A. Polymorphic variation in the androgen receptor 

gene: association with risk of testicular germ cell 

cancer and metastatic disease. Eur J Cancer, 2011; 

47: 413–419.   

36. Zarkower D. DMRT genes in vertebrate 

gametogenesis. Curr Top Dev Biol, 2013; 102: 327–

356. 

37. Lind GE, Skotheim RI, Lothe RA. The epigenome 

of testicular germ cell tumors. APMIS, 2007; 115: 

1147–1160. 

38. Okamoto K, Kawakami T. Epigenetic profile of 

testicular germ cell tumors. Int. J. Androl, 2007; 30: 

385–392. 

39. Baylin SB, Herman JG, Graff JR, Vertino PM, Issa 

JP. Alterations in DNA methylation: a fundamental 

aspect of neoplasia. Adv Cancer Res, 1998; 72: 141–

196. 

40. Ohm JE, Mc Garvey KM, Yu X, Cheng L, Schuebel 

KE, Cope L, Mohammad HP, et al. Oncotarget 

Berman DM, Jenuwein T, Pruitt K, et al. A stem 

cell-like chromatin pattern may predispose tumor 

suppressor genes to DNA hypermethylation and 

heritable silencing. Nat. Genet, 2007; 39: 237–242. 

41.  Omisanjo OA, Biermann K, Hartmann S, Heukamp 

LC, Sonnack V, et al. DNMT1 and HDAC1 gene 

expression in impaired spermatogenesis and 

testicular cancer. Histochem Cell Biol, 2007; 127: 

175–181. 

42. Yamada S, Kohu K, Ishii T, Ishidoya S, Hiramatsu 

M, Kanto S et al. Gene expression profiling 

identifies a set of transcripts that are up-regulated in 

human testicular seminoma. DNA Res, 2004; 11: 

335–344. 

43. Minami K, Chano T, Kawakami T, Ushida H, 

Kushima R, Okabe H, Okada Y, Okamoto K. 

DNMT3L is a novel marker and is essential for the 

growth of human embryonal carcinoma. Clin. 

Cancer Res, 2010; 16: 2751–2759. 

44. Ushida H, Kawakami T, Minami K, Chano T, Okabe 

H, Okada Y, Okamoto K. Methylation profile of 

DNA repetitive elements in human testicular germ 

cell tumor. Mol Carcinog, 2012; 51: 711–722. 

45. Ishizu H, Siomi H, Siomi MC. Biology of PIWI-

interacting RNAs: new insights into biogenesis and 

function inside and outside of germlines. Genes 

Dev, 2012; 26: 2361–2373. 

46. Mitsui K, Tokuzawa Y, Itoh H, Segawa K, 

Murakami M, Takahashi K, Maruyama M, Maeda 

M, Yamanaka S. The homeoprotein Nanog is 

required for maintenance of pluripotency in mouse 

epiblast and ES cells. Cell, 2003; 113: 631–642. 

47. Nettersheim D, Biermann K, Gillis AJ, Steger K, 

Looijenga LH, Schorle H. NANOG promoter 

methylation and expression correlation during 

normal and malignant human germ cell 

development. Epigenetics, 2011; 6: 114–122. 

48.  Mirabello L, Kratz CP, Savage SA, Greene MH. 

Promoter methylation of candidate genes associated 

with familial testicular cancer. Int J Mol Epidemiol 

Genet, 2012; 3: 213–227. 

49. Koul S, Houldsworth J, Mansukhani MM, Donadio 

A, McKiernan JM, Reuter VE, Bosl GJ, Chaganti 

RS, Murty VV. Characteristic promoter 



www.ejpmr.com 

Ahmad et al.                                                                 European Journal of Pharmaceutical and Medical Research 

370 

hypermethylation signatures in male germ cell 

tumors. Mol Cancer, 2002; 1: 8. 

50. Beyer U, Moll-Rocek J, Moll UM, Dobbelstein M. 

Endogenous retrovirus drives hitherto unknown 

proapoptotic p63 isoforms in the male germ line of 

humans and great apes. Proc. Natl. Acad. Sci, 2011; 

108: 3624–3629. 

51. Almstrup K, Nielsen JE, Mlynarska O, Jansen MT, 

Jørgensen A, Skakkebæk NE, Rajpert-De Meyts E. 

Carcinoma in situ testis displays permissive 

chromatin modifications similar to immature foetal 

germ cells. Br. J. Cancer, 2010; 103: 1269–1276. 

52. Di Pietro A, Vries EG, Gietema JA, Spierings DC, 

de Jong S. Testicular germ cell tumours: the 

paradigm of chemosensitive solid tumours. Int J 

Biochem Cell Biol, 2005; 37: 2437–2456. 

53. Welsh C, Day R, McGurk C, Masters JR, Wood RD, 

Köberle B. Reduced levels of XPA, ERCC1 and 

XPF DNA repair proteins in testis tumor cell lines. 

Int J Cancer, 2004; 110: 352–36. 

54. Köberle B, Brenner W, Albers A, Usanova S, 

Thüroff JW, Kaina B. ERCC1 and XPF expression 

in human testicular germ cell tumors. Oncol Rep, 

2010; 23: 223–227.  

55. Mendoza J, Martínez J, Hernández C, Pérez-Montiel 

D, Castro C, Fabián-Morales E, Santibáñez M, 

GonzálezBarrios R, Díaz-Chávez J, Andonegui MA, 

Reynoso N, Oñate LF, Jiménez MA, et al. 

Association between ERCC1 and XPA expression 

and polymorphisms and the response to cisplatin in 

testicular germ cell tumours. Br J Cancer, 2013; 109: 

68–75. 

56. Köberle B, Brenner W, Albers A, Usanova S, 

Thüroff JW, Kaina B. ERCC1 and XPF expression 

in human testicular germ cell tumors. Oncol Rep, 

2010; 23: 223–227.  

57. Peng HQ, Hogg D, Malkin D, Bailey D, Gallie BL, 

Bulbul M, Jewett M, Buchanan J, Goss PE. 

Mutations of the p53 gene do not occur in testis 

cancer. Cancer Res, 1993; 53: 3574–3578. 

58. Kastenhuber ER, Lowe SW. Putting p53 in Context. 

Cell, 2017; 170: 1062–1078. 

59. Das S, Boswell SA, Aaronson SA, Lee SW. P53 

promoter selection: choosing between life and death. 

Cell Cycle, 2008; 7: 154–157. 

60. Di Pietro A, Koster R, Boersma-van Eck W, Dam 

WA, Mulder NH, Gietema JA, de Vries EG, de Jong 

S. Pro- and anti-apoptotic effects of p53 in cisplatin-

treated human testicular cancer are cell context-

dependent. Cell Cycle, 2012; 11: 4552–4562. 

61. Blandino G, Deppert W, Hainaut P, Levine A, 

Lozano G, Olivier M, Rotter V, Wiman K, Oren M. 

Mutant p53 protein, master regulator of human 

malignancies: a report on the Fifth Mutant p53 

Workshop. Cell Death Differ, 2012; 19: 180–183. 

62. Mueller T, Mueller LP, Holzhausen HJ, Witthuhn R, 

Albers P, Schmoll HJ. Histological evidence for the 

existence of germ cell tumor cells showing 

embryonal carcinoma morphology but lacking 

OCT4 expression and cisplatin sensitivity. 

Histochem Cell Biol, 2010; 134: 197–204. 

63. Liu L, Lian J, Zhang H, Tian H, Liang M, Yin M, 

Sun F. MicroRNA-302a sensitizes testicular 

embryonal carcinoma cells to cisplatin-induced cell 

death. J Cell Physiol, 2013; 228: 2294–2304. 

64. . Rudolph C, Melau C, Nielsen JE, Vile Jensen K, 

Liu D, Pena-Diaz J, Rajpert-De Meyts E, Rasmussen 

LJ, Jørgensen A. Involvement of the DNA mismatch 

repair system in cisplatin sensitivity of testicular 

germ cell tumours. Cell Oncol, 2017; 40: 341–355. 

65. Juliachs M, Muñoz C, Moutinho CA, Vidal A, 

Condom E, Esteller M, Graupera M, Casanovas O, 

Germà JR, Villanueva A, Viñals F. The PDGFRβ-

AKT pathway contributes to CDDP-acquired 

resistance in testicular germ cell tumors. Clin Cancer 

Res, 2014; 20: 658–667. 

66. Di Vizio D, Cito L, Boccia A, Chieffi P, Insabato L, 

Pettinato G, Motti ML, Schepis F, D’Amico W, 

Fabiani F, Tavernise B, Venuta S, Fusco A, et al. 

Loss of the tumor suppressor gene PTEN marks the 

transition from intratubular germ cell neoplasias 

(ITGCN) to invasive germ cell tumors. Oncogene, 

2005; 24: 1882–1894. 

67. Singh S, Ahmad S, Srivastava AN, Molecular basis 

of cervical cancer.European J of pharmaceutical and 

Med Res, 2020; 7(9): 150-157.  


