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Introduction

Testicular cancer is an uncommon malignancy in men
and is curable in most instances. There is marked
geographical variation with age-standardized rate (ASR) per
100,000 ranging from 4.6 in developed countries to 0.8 in
developing countries . The incidence of testicular cancer is
highest in Western and Northern Europe, Australia, and
North America, while the lowest incidence is in Asia and
Africa 2. Despite its low overall incidence, it is the most
common cancer in young men, in the third or fourth decade
of life 3. The incidence of testicular cancer has been
increasing over the past four decades, while mortality rate
has been decreasing in most European countries 4. Over
71,000 new testicular cancer cases and 9,500 deaths are
estimated to occur worldwide in 2018 7.

According to the World Health Organisation, testicular
tumours can be pathologically classified into seven categories:
germ cell tumours derived from germ cell neoplasia in situ,
germ cell tumours unrelated to germ cell neoplasia in situ, sex-
cord stromal tumours, tumour containing both germ cell and
sex-cord stromal elements, miscellaneous tumours of the
testis, haematolymphoid tumours, and tumours of collecting
duct and rete testis . More than 90% of all testicular cancers
are germ-cell tumours almost equally divided in seminomas
and nonseminomas °. Seminomas are consisted of classic
seminoma, spermatocytic seminoma and intratubular germ cell
neoplasia *°. Seminomas are composed of transformed germ

cells that closely resemble the primordial germ cells
(PGCs) or gonocytes that are blocked in differentiation and
can not undergo normal spermatogenesis. Non-seminomas
include embryonal carcinomas, yolk sac tumours, teratomas
and choriocarcinomas 1°, Nonseminomas can contain
different histological elements due to pluripotency of the
PGCs or gonocytes, normally only apparent after
fertilization (Figure 1) '*. Seminomas are most frequent in
the fourth decade of life, while nonseminomas peak in the
third decade of life 1.

Testicular cancer has some unique biological features
different from other solid tissue cancers. First, it has
unusual histology with components that mimic any tissue
type of the body. It can be explained by the fact that
testicular cancer originates from germ cells that use two
different types of cell division (mitosis and meiosis) 2.
Second, germ cells preserve embryonic stem cell features
and pluripotency for a long period during development 2,

Aetiology and pathogenesis

Testicular cancer has a largely unexplained aetiology.
There are a number of risk factors for testicular cancer
associated with prenatal or perinatal exposures, including
low birth weight, low maternal parity, cryptorchidism,
infertility, family history, and white race. A systematic
review and meta-analysis of perinatal factors in relation to
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Fig. 1 — Normal germ cell development and model of histogenesis of the testicular germ-cell tumors.

the risk of testicular cancer found evidence that
cryptorchidism, inguinal hernia, twinning, birth weight, and
gestational age are associated with increased risk of testicular
cancer . It is speculated that oxidative stress can also be a
cause ** 15, However, while spermatozoa are much more
susceptible, spermatogonia are highly tolerant to oxidative
stress 1617,

During testicular carcinogenesis preinvasive cells gave
rise to overt tumour. Testicular cancer is derived from cells
in the germ cell lineage that are blocked in maturation. The
pre-invasive stage of testicular germ-cell tumour (TGCT) of
adolescents and young adults is carcinoma in situ (CIS) or
intratubular germ cell neoplasia unclassified, which is
thought to arise from malignant transformation of a PGCs or
gonocytes 8. Skakkebaek !°  described atypical
spermatogonia in testicular biopsies from two patients who
later developed overt testicular tumours. There is evidence
that approximately 50% of patients diagnosed with CIS of
the testis develop invasive testicular cancer within 5 years of
diagnosis 2. The incidence of testicular tumours that develop

from CIS has increased during last decades. There are three
other very rare types of TGCT which develop without CIS
stage: spermatocytic seminoma, teratomas, and yolk sac
tumours that have remained at steady low incidence level 2,

Normal germ cell development

PGCs in mammals are committed to secure
transmission of genetic information to the next generation by
production of mature oocytes in females and spermatozoa in
males. They arise at the base of allantois at an early stage of
embryogenesis in week 5 to 6. Thereafter, they migrate
toward both genital ridges to the places where the gonads
will develop. When they rich gonadal ridges, they are called
gonocytes. Embryonic germ cells are characterized by
several markers including placental alkaline phosphatase
(PLAP), octamer-binding transription factor (OCT4), and
NANOG. Differentiation of the gonocytes into either
oogonia or prespermatogonia depends on chromosomal
constitution and microenvironment. PGCs are in fact the
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totipotent stem cell population of the body ?. PGCs are
considered the stem cells of oogenesis in female and
spermatogenesis in male.

Stem cells

Stem cells are undifferentiated cells that possess ability
to self-replicate and to differentiate into mature cells of the
organ in which it resides 2* 24, There are three groups of stem
cells, ie., embryonic, germinal and somatic stem cells.
Embryonic stem cells (ESCs) are derived from the inner cell
mass of the blastocyst and are the precursors of all cells in
our body. Germinal stem cells in the adult produce eggs and
sperm and are responsible for reproduction. Somatic stem
cells are responsible for normal tissue renewal %,

The different types of stem cells proliferate differently.
ESCs divide symmetrically, whereby each daughter cell
retains the properties of the parental cells resulting in a
logarithmic expansion of cells . Germinal and somatic stem
cells divide asymmetrically, whereby one daughter cell
remains a stem cell (self-renewal), and undergoes expansion
and further differentiation into mature cells, whereas the
other daughter cell becomes progenitor cell that undergoes
expansion and further differentiation into mature cells %.

Stem cells can be obtained from the embryo or from
extraembryonic tissues such as the umbilical cord blood
obtained at birth, the amniotic fluid, and the placenta. Stem
cells can be found in adult mammals in bone marrow, blood,
skin, and testis. ESCs are thought to be pluripotent with
ability to differentiate into a variety of cell types. ESCs
exposed to certain conditions differentiate into cell types of
all three germ layers (endoderm, ectoderm and mesoderm) as
well as into germ line cells. Adult stem cells (ASCs) are
more conservative in their proliferation and differentiation.
Adult stem cells are limited to the tissue in which they reside
%, Stem cells have much longer life span and therefore have
greater opportunity to gather genetic mutations #’. It has been
postulated that stem cells can be transformed into cancer if
signalling pathways that regulate their renewal become
disrupted.

Cancer stem cells

There are two models of carcinogenesis, “stochastic”
and “stem cell”. In “stochastic” model of carcinogenesis any
cell may be target of random mutation. Growth of tumours is
assigned to the serial acquirement of genetic events that
resulted in the turning on the genes promoting proliferation,
turning of genes inhibiting proliferation, and surrounding of
genes responsible for apoptosis 2. The “stem cell” model
suggests that cancers originate in tissue stem cells through
deregulation of self-renewal processes. In this model of
carcinogenesis, the key event is disruption of genes
responsible for self-renewal 28, The idea that precursors for a
growing list of cancers are cancer stem cells (CSCs) is
almost 150 years old %. It has been speculated that tumours
are initiated and maintained by a population of cancer cells
with stem cell properties known as CSCs. CSCs were first

described in acute myeloid leukemia *. Surface markers
were used to distinguish the stem cells from the rest of cells
with limited proliferative potential *. The CSCs hypothesis
became essential for understanding the carcinogenesis and
developing strategies for cancer prevention. CSCs are
characterized as a minor cell population able to sustain
themselves by self-renewal and to generate committed
progenitors that gradually form solid tumour. CSCs model is
based on the idea that the vast majority of tumour cells have
moderate proliferative potential compared to a small cell
population — the CSCs, which are able to self-renew and
proliferate in order to maintain tumour cell mass 3.
Consequently, cancer is a disease of deregulated self-renewal
of normal stem cells *. In this model, tumour restitution and
even metastases may happen due to residual chemotherapy
resistant cells *. Normal stem cells and cancer cells share
several important properties like the ability of self-renewal,
activation of antiapoptotic pathways, and the ability to
migrate and metastasize 2. Stem cells are subjected to the
multiple mutations required for carcinogenesis during their
life cycle. Adolescent women exposed to atomic bomb
radiation in Hiroshima and Nagasaki developed breast cancer
2 to 3 decades after exposure. It is thought that in that period,
the mammary gland has the highest number of stem cells =,

There is accumulating evidence that CSCs exist in a
spectrum of tumours. It has been hypothesised that testicular
CIS cells resemble CSCs in our body 2. CIS cell is
pluripotent and has capability to develop into variety of germ
cell tumours. There is evidence that CIS is precursor of
TGCT. Frequent finding of CIS in testicular parenchyma
surrounding invasive cancer, as well as the development of
invasive TGCT in patients in whom CIS has previously been
diagnosed support hypothesis. It has been hypothesized that
arrest in development and differentiation of the early germ
cell lineage is the main pathogenetic mechanism that leads to
neoplastic transformation into CIS 2. These cells are
localised in the seminiferous tubules located between the
basal membrane and the Sertoli cell layer. CIS can be found
in all risk populations for TGCT more frequently, as well as
in the surrounding tissue of TGCT than in testes of healthy
men. CIS cells are thought to be remnants of undifferentiated
foetal cells. Soon after their discovery, similarity to
gonocytes was noted. Imunohistochemical studies found that
CIS cells and foetal germ cells contain large amounts of
glycogen and PLAP, the most commonly used marker for
detection of CIS cells.

The precise mechanism underlying the transformation
of the gonocyte to CIS and further into overt testicular
tumour is mainly unknown. It is thought that testicular
cancer is initiated during foetal development. It was
hypothesized that CIS cells originate from PGCs or
gonocytes that have failed to differentiate into spermatogonia
as a consequence of endocrinological imbalances 2. PGCs
are thought to be changed either during migration to the
embryonic genital ridges or after cells have arrived at the
gonads. Little is known about the behaviour of CIS cells
after birth. It is likely that they are inactive during infancy,
starting to replicate after puberty, possibly as a consequence
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of new hormonal conditions progressing to overt tumours.
Prevalence of CIS in the general population of young adults
is not known. It has been estimated that the prevalence of
CIS is the same as lifetime risk of testicular cancer *.

Diagnostic approach

“Stem cell” model for cancer will likely improve
diagnosis and treatment of cancer. If the CSC hypothesis is
valid, than we need to discover new tumour markers made
by CSCs for early detection of cancer. Testicular cancer is
potentially fatal and its treatment has severe side-effects.
Therefore, efforts should be made to establish diagnosis at
early, preinvasive CIS stage. At present, there is no
imaging technique or serological method for the diagnosis
of CIS which is asymptomatic. It can be diagnosed only by
a surgical biopsy 8 %, CIS cells can be routinely identified
in  biopsies by morphologic and immunohistologic
characteristics. Appropriate fixatives (Stieve’s or Bouins
solution) should be used to diagnose CIS cells in paraffin
sections. Formalin fixation should be avoided %.
Morphologically, CIS cells are located in a single row at
the basement membrane of seminiferous tubules. Cells are
larger in diameter containing larger nucleus than that of
normal spermatogonia. There is a large amount of glycogen
in the cytoplasm of CIS cells. Therefore, their cytoplasm
appears optically empty on histological sections since
glycogen is washed out during fixation.

Additional immumohistochemical staining by using
several antibodies like PLAP " or OCT3/4 * is an advanced
option for detecting CIS cells. The monoclonal antibodies
M2A and 43/F are highly sensitive for detecting CIS
immunohistochemically *. The immunohistochemical tumour
markers TRA 1-60 “ and neuron specific enolase * are
expressed in the majority of CIS cells. The proto-oncogene c-
kit protein product Kit is over expressed by CIS cells 2. The
possible  foetal origin  of CIS is supported by
immunohistochemical studies of proteins present in CIS, that
are also present in PGCs and gonocytes 2. Tra-1-60 and M2A
which are present in great quantity in CIS but undetected in
the adult testis were also detected in normal foetal and
infantile germ cells %, Kit is strongly expressed in early foetal
germ cells up to 12 weeks of gestation . Differentiation of
gonocytes into infantile spermatogonia begins around 20
weeks of gestation and in some cases end prenatally, but quite
often continues in the early postnatal period until 6 to 9
months of age, when the markers that are shared by PGC,
gonocytes, and CIS (PLAP, OCT4, NANOG) are finally
down-regulated - *%, Persistent expression of these markers
later in childhood is not normal .

Therapeutic implications

The CSCs hypothesis opens new possibilities for
cancer prevention and treatment, as well as predicting the
cases at high risk for metastasis 5. Traditionally, drugs
used for cancer treatment are directed against proliferating
cells. Testicular cancers are among the most sensitive solid
cancers to chemotherapy “® 47. However, it is likely that
agents selectively killing CSCs are overlooked 46 “,
Consequently, tumour growth is reinitiated and relapse is
plausible. If transformed stem cells are targets of
intervention, then treatments that can reduce stem cell
number might reduce cancer risk. It can be achieved
through induction of apoptosis or differentiation of stem
cells. In acute myeloid leukemia and breast cancer,
tumorigenic cells are minor part of the tumour bulk.
Furthermore, new cancer model has significant impact on
our ability to identify individuals at risk for metastasis. It
has been hypothesized that only when CSCs disseminate
self-renew metastases will occur. Further studies should
develop diagnostic tools that will allow us to predict in
which cases metastatic disease will develop. It will help
clinicians to identify patients that will benefit from
chemotherapy and spare patients from unnecessary
treatment 4,

Conclusion

CIS is considered precursor of TGCT, and an
excellent example of CSCs. Understanding the biology
and cellular chemistry of CIS is important for developing
new strategies for prevention and treatment of TGCT.
Efforts should be made to obtain diagnosis of TGCT at
the CIS stage, as early intervention is warranted before an
invasive tumour develops. Further research is needed to
obtain a method of noninvasive CIS detection. It would
make possible to offer to patients timely and optimal
treatment.

Acknowledgement

This study was supported by the Ministry of
Education, Science and Technological Development of the
Republic of Serbia (Project N° 175092 and Project N°
41018), and the Faculty of Medicine, University of Nis,
Serbia (Internal project N° 38).

Conflict of Interest

The authors have no conflict of interest to declare.

REFERENCES

1. Jemal A, Bray F, Center MM, Ferlay |, Ward E, Forman D. Global
cancer statistics. CA Cancer J Clin 2011; 61(2): 69-90.

2. Rosen A, Jayram G, Drazer M, Eggener SE. Global trends in tes-
ticular cancer incidence and mortality. Eur Urol 2011; 60(2):
374-9.

3. Garner M], Turner MC, Ghadirian P, Krewski D. Epidemiology of
testicular cancer: an overview. Int J Cancer 2005; 116(3):
331-9.

4. Bray F, Richiardi 1., Ekbom A, Pukkala E, Cuninkova M, Moller
H. Trends in testicular cancer incidence and mortality in 22

Dakovi¢ Bjelakovi¢ M, et al. Vojnosanit Pregl 2020; 77(11): 1210-1215.



Page 1214

VOJINOSANITETSKI PREGLED

Vol. 77, No 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

European countries: continuing increases in incidence and de-
clines in mortality. Int | Cancer 2006; 118(12): 3099-111.
Cheng L, Albers P, Berney DM, Feldman DR, Dangaard G, Gilligan
T, et al. Testicular cancer. Nat Rev Dis Primers 2018; 4(1): 29.
Ferlay ], Colombet M, Soerjomataram 1, Mathers C, Parkin DM,
Pijieros M, et al. Estimating the global cancer incidence and
mortality in 2018: GLOBOCAN sources and methods. Int J
Cancer 2019; 144(8): 1941-53.

Bray F, Ferlay ], Soerjomataram 1, Siegel RL, Torre 1A, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 counttries.
CA Cancer J Clin 2018; 68(6): 394—424.

Moch H, Cubilla AL, Humphrey PA, Reuter V'E, Ulbright TM.
The 2016 WHO Classification of Tumours of the Urinary Sys-
tem and Male Genital Organs-Part A: Renal, Penile, and Tes-
ticular Tumours. Eur Urol 2016; 70(1): 93-105.

ICD-O: International Classification of Diseases for Oncology.
3 ed. Geneva: World Health Organization; 2000.

Albers P, Albrecht W, Algaba F, Bokemeyer C, Cobn-Cedermark G,
Fizazi K, et al. Guidelines on Testicular Cancer: 2015 Update.
Eur Urol 2015;68(6):1054—68.

Bos/ GJ, Motzer R]. Testicular germ-cell cancer. N Engl ] Med
1997; 337(4): 242-53.

Rajpert-De Meyts E. Developmental model for the pathogenesis
of testicular carcinoma in situ: genetic and environmental as-
pects. Hum Reprod Update 2006; 12(3): 303—-23.

Cook MB, Akre O, Forman D, Madigan MP, Richiardi L, McGlynn
KA. A systematic review and meta-analysis of perinatal varia-
bles in relation to the risk of testicular cancer - experiences of
the son. Int ] Epidemiol 2010; 39(6): 1605-18.

Klaunig |E, Kamendulis LM. The role of oxidative stress in car-
cinogenesis. Annu Rev Pharmacol Toxicol 2004; 44: 239—-67.
Klaunig JE, Kamendulis 1.M, Hocevar BA. Oxidative stress and
oxidative damage in carcinogenesis. Toxicol Pathol 2010;
38(1): 96-109.

Celino FT, Yamaguchi S, Miura C, Obta T, Tozawa Y, Iwai T, et al.
Tolerance of Spermatogonia to Oxidative Stress Is Due to
High Levels of Zn and Cu/Zn Superoxide Dismutase. PLoS
One 2011; 6(2): €16938.

Cuetkovic I, Stankovic |, Najman S, Paviovic D, Stokanovic D,
Vigjkovic S, et al. Oxidant and antioxidant status in experi-
mental rat testis after testicular torsion/detorsion. Int J Fert
Steril 2015; 9(1): 121-8.

Hoei-Hansen CE, Rajpert-De Meyts E, Dangaard G, Skakkeback
NE. Catcinoma in situ testis, the progenitor of testicular germ
cell tumours: a clinical review. Ann Oncol 2005; 16(6): 863-8.
Skakkebaek NE. Possible carcinoma-in-situ of the testis. Lan-
cet 1972; 2(7776): 516-7.

Skakkebek NE, Berthelsen ]G. Carcinoma-in-situ of testis and
orchiectomy. Lancet 1978; 2(8082): 204-5.

Almstrup K, Sonne SB, Hoei-Hansen CE, Ottesen AM, Nielsen |E,
Skakkeback NE, et al. From embryonic stem cells to testicular
germ cell cancer - should we be concerned? Int J Androl 2000;
29(1): 211-8.

van de Gegjn GJ, Hersmus R, Looijenga I.H. Recent developments
in testicular germ cell tumor research. Birth Defects Res C
Embryo Today 2009; 87(1): 96-113.

Presnell SC, Petersen B, Heidaran M. Stem cells in adult tissues.
Semin Cell Dev Biol 2002; 13(5): 369-76.

Vigjkovic S, Cuknranovic R, Dakovic Bjelakovie M, Stefanovic V.
Possible therapeutic use of spermatogonial stem cells in the
treatment of male infertility: a brief overview. Sci World ]
2012; 2012: 374151.

Sell S. Stem cell origin of cancer and differentiation therapy.
Crit Rev Oncol Hematol 2004; 51(1): 1-28.

Crowe DL, Parsa B, Sinha UK. Relationships between stem cells
and cancer stem cells. Histol Histopathol 2004; 19(2): 505-9.

27

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

. Reya T, Morvison S|, Clarke MF, Weissman 1L.. Stem cells, cancer
and cancer stem cells. Nature 2001; 414(6859): 105-11.
Al-Hajj M, Becker MW, Wicha M, Weissman I, Clarke MF. Ther-
apeutic implications of cancer stem cells. Curr Opin Genet
Dev 2004; 14(1): 43-7.

Wicha MS, Lin S, Dontu G. Cancer stem cells: an old idea - a
paradigm shift. Cancer Res 2006; 66(4): 1883-90.

Dick JE. Acute myeloid leukemia stem cells. Ann N'Y Acad
Sci 2005; 1044: 1-5.

Sell S. On the stem cell origin of cancer. Am ] Pathol 2010;
176(6): 2584-94.

Costa FF, Le Blanc K, Brodin B. Concise review: cancer/testis
antigens, stem cells, and cancer. Stem Cells 2007; 25(3):
707-11.

Smith GH, Chepko G. Mammary epithelial stem cells. Microsc
Res Tech 2001; 52(2): 190-203.

Giwercman A, Miiller |, Skakkebaek NE. Prevalence of carcino-
ma in situ and other histopathological abnormalities in testes
from 399 men who died suddenly and unexpectedly. ] Urol
1991; 145(1): 77-80.

Holstein AF, Lanre H. Histologic diagnostics of early testicular
germ-cell tumor. Int | Urol 1996; 3(3): 165—-72.

Dieckmann KP, Skakkebaek NE. Carcinoma in situ of the testis:
review of biological and clinical features. Int ] Cancer 1999;
83(6): 815-22.

Jacobsen GK, Norgaard-Pedersen B. Placental alkaline phosphatase
in testicular germ cell tumours and in carcinoma-in-situ of the
testis. An immunohistochemical study. Acta Pathol Microbiol
Immunol Scand A 1984; 92(5): 323-9.

Looijenga 1.H, Stoop H, de 1eeurw HP, de Gonveia Brazao CA, Gillis
AJ, van Roozendaal KE, et al. POUSF1 (OCT3/4) identifies
cells with pluripotent potential in human germ cell tumors.
Cancer Res 2003; 63(9): 2244-50.

Giwercman A, Cantell I, Marks A. Placental-like alkaline phos-
phatase as a marker of carcinoma-in-situ of the testis. Compar-
ison with monoclonal antibodies M2A and 43-9F. APMIS
1991; 99(7): 586-94.

Giwercman A, Andrews PW, Jorgensen N, Miiller |, Graem N,
Skakkebaek NE. Immunohistochemical expression of embry-
onal marker TRA-1-60 in carcinoma in situ and germ cell tu-
mors of the testis. Cancer 1993; 72(4): 1308—14.

Kang JL, Rajpert-De Meyts E, Skakkeback NE. Immunoreactive
neuron-specific enolase (NSE) is expressed in testicular carci-
noma-in-situ. | Pathol 1996; 178(2): 161-5.

Rajpert-De Meyts E, Skakkebaek NE. Expression of the c-kit
protein product in carcinoma-in-situ and invasive testicular
germ cell tumours. Int | Androl 1994; 17(2): 85-92.

Jorgensen N, Giwercman A, Miiller ], Skakkebaek NE. Immuno-
histochemical matkers of carcinoma in situ of the testis also
expressed in normal infantile germ cells. Histopathology 1993;
22(4): 373-8.

Jorgensen N, Rajpert-De Meyts E, Graem N, Miiller |, Giwercman A,
Skakkebaek NE. Expression of immunohistochemical markers
for testicular carcinoma in situ by normal human fetal germ
cells. Lab Invest 1995; 72(2): 223-31.

Subramaniam D, Ramalingam S, Houchen CW, Anant S. Cancer
stem cells: a novel paradigm for cancer prevention and treat-
ment. Mini Rev Med Chem 2010; 10(5): 359-71.

Pierpont TM, Lyndaker AM, Anderson CM, Jin Q, Moore ES, Ro-
den JL, et al. Chemotherapy-Induced Depletion of OCT4-
Positive Cancer Stem Cells in a Mouse Model of Malignant
Testicular Cancer. Cell Rep 2017; 21(7): 1896-909.

Rajpert-De Meyts E, McGlynn KA, Okamoto K, Jewett MA,
Bokemeyer C. Testicular germ cell tumours. Lancet 2016;
387(10029): 1762-74.

Shukla G, Khera HK, Srivastava AK, Khare P, Patidar R, Saxena R.
Therapeutic potential, challenges and future perspective of

Dakovi¢ Bjelakovi¢ M, et al. Vojnosanit Pregl 2020; 77(11): 1210-1215..



Vol. 77, Nol11 VOJINOSANITETSKI PREGLED

Page 1215

49.

cancer stem cells in translational oncology: a critical review.
Curr Stem Cell Res Ther 2017; 12(3): 207-24.

Zhao Y, Dong O, Li |, Zhang K, Qin |, Zhao ], et al. Targeting
cancer stem cells and their niche: perspectives for future ther-
apeutic targets and strategies. Semin Cancer Biol 2018; 53:
139-55.

Dakovi¢ Bjelakovi¢ M, et al. Vojnosanit Pregl 2020; 77(11): 1210-1215.

Received on August 21, 2017.
Revised on December 9, 2018.
Accepted on December 11, 2018.
Online First December, 2018.



