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In the young men’s population, testicular cancer (TC) is characterized as one of the main causes of morbidity and mortality around
the world. This cancer is mainly divided into germ cell and nongerm cell types and manifests different signs and symptoms, like
bone pain, nausea, lower back pain, and anorexia. Also, TC is associated with serious conditions, such as urogenital disorders,
infertility, cardiovascular diseases, and solid tumors. Unfortunately, common remedies for TC, including chemotherapy and
surgery, have not provided a promising outlook due to their adverse effects on life quality. Ergo, finding a new therapeutic
candidate with high effectiveness and low detrimental impacts is indispensable. Newly, herbal remedies have attracted much
interest because of their potential to improve diverse diseases, like cancer. In this context, increasing evidence indicated that
curcumin, as a polyphenol compound originating from the plant Curcuma longa, has beneficial effects for treating TC. Hence, in
this narrative review, we aimed to review documents showing the therapeutic potential of this herbal candidate against TC.

1. Introduction

Testicular cancer (TC) is known as the most common malig-
nancy, with increasing prevalence and high mortality and
morbidity in young males throughout the world [1, 2].
Yearly, 10,000 deaths and 50,000 new diagnostic cases arising
from TC are reported globally [3]. Based on pathological
features, TC is divided into germ cells (with high prevalence)
and nongerm cell tumors [4]. The tumors related to germ
cells can be divided into seminoma, which is more common
in germ cell-related tumors, and nonseminoma types [4].
Nongerm cell testicular tumors include 5%–10% of all testic-
ular neoplasms [5]. The members of this group comprise sex
gonadal stromal tumors, commonly derived from Sertoli or
Leydig cells, mixed tumors, and tumors of hematopoietic or

mesenchymal origin. Furthermore, multiple miscellaneous
lesions, secondary testicular tumors, and tumor-like condi-
tions can be considered nongerm cell tumors [6]. TC can
manifest several signs and symptoms, such as bone pain,
gastrointestinal hemorrhage, nausea, lower back pain, swell-
ing in the lower extremities, weight loss, malaise, and anorexia
[7]. Moreover, TC may be associated with serious conditions,
such as urogenital disorders, infertility, cardiovascular dis-
eases, leukemia, solid tumors, and thromboembolic condi-
tions [8–12]. The standard curative approach for TC in the
metastasis stage is primary surgical techniques, orchiectomy,
along with three or four cycles of chemotherapeutic agents
(cisplatin, etoposide, and bleomycin) [13]. Despite the high
effectiveness of this therapeutic way, its detrimental effects on
the quality of life have been recorded [14, 15]. Besides the
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adverse effects of chemotherapy on the male reproductive
system, unfavorable behavioral influences, like cognitive dis-
orders, fatigue, and increased levels of depression and anxiety,
have also been reported [16]. Ergo, replacing an effective and
low side-effect method with chemotherapy and surgery
approaches seems critical. Recently, herbal therapies have
been appreciated in different communities in light of their
beneficial effects on improving various disorders, such as can-
cer, infertility, cardiovascular diseases, diabetes, neurological
ailments, etc. [17–21]. One of these proposed therapeutic
candidates for TC is curcumin, a polyphenol compound
obtained from Curcuma longa, which is used as a colorant,
flavoring ingredient, and cooking spice [22–24]. Curcumin
has been demonstrated to have antineoplastic functions in
many malignancies by some mechanisms, for instance, sup-
pressing cell proliferation, inflammation, invasion, angiogen-
esis, and metastasis of tumor cells, stimulating apoptosis, and
sensitizing cancer cells to cancer therapies [25–29]. Hereby, in
this narrative review, we aimed to review evidence indicating
the therapeutic capacity of curcumin for treating this cancer.

2. TC and Its Pathogenic Mechanisms

Presently, the pathogenesis of TC has remained ambiguous
yet. However, it is stated that the most critical risk factor for
TC is undescended testis or cryptorchidism. At the begin-
ning of the 19th century, the link between germ cell-
associated tumors and maldescensus testis was recom-
mended. It is believed that maldescensus testis can increase
the risk of TC by two to four-fold [30]. Also, infertility can
significantly predispose the male sex to TC. It is reported that
TC patients have weaker semen quality and fewer children
compared with normal subjects [31–33]. In addition, some
maternal risk factors, such as increased estrogen levels, old
age during pregnancy, and smoking, may have a pivotal role
in TC pathogenesis [30, 34]. Regarding testicular germ cell
cancers (TGCC), whose cytogenetic hallmark is a distur-
bance in the short arm of chromosome 12, it is thought
that these tumors may be initiated at early embryogenesis
and be a subgroup of testicular dysgenesis syndrome [35, 36].
According to a hypothesis supported by histological investi-
gations, dysgenetic properties, like hyaline bodies and imma-
ture Sertoli cells with undifferentiated tubules, are mostly
observed in TC [37–40]. These defects in testis development
can reflect the suppression of differentiation of some early
primordial germ cells/gonocytes; thus, these germ cells main-
tain their early embryonic indices [41–43]. Increasingly,
documents have declared that TC is associated with varia-
tions in involved genes in steroidogenic enzymes and the
hypothalamic–pituitary–testicular axis [44]. Therefore, var-
iations in genes involved in hormone metabolism may be
related to the hormonal status observed in TC [44]. Also,
the upregulation of the expression of certain genes and gene
expression regulators occurs in this cancer, for example, p53,
CACNA1F, and VEGFR2 [45–47]. Additionally, miR-372
and miR-373, as noncoding RNAs regulating gene expres-
sion posttranscriptionally, are upregulated in TGCC [48, 49].
These miRNAs imitate the influences of mutated p53,

leading to cancer progression [50, 51]. These noncoding
RNAs do not suppress p53 function by a direct route, and
in fact, they target the large tumor suppressor homolog 2 gene
directly [51]. However, the gene expression of CMTM3 is
mostly downregulated in testicular neoplasia through meth-
ylation of promotor at the Sp1/Sp3-responsive region [52].
This chemokine-like factor gene is located on chromosome
16q22, and its highest expression is in the testis [53]. Another
point is that the increased expression of some chemokines, like
CCL-5, CXCL-10, and CXCL-13, and pro-inflammatory fac-
tors, such as IL-1ß, tumor necrosis factor (TNF)-α, and IL-6,
have been highlighted in TC (Figure 1); however, their exact
pathogenic processes in TC have not fully illustrated yet [54].

3. Curcumin and Testis Cancer

Curcumin is described as an active polyphenol component in
dietary spice (turmeric) and natural herbal therapy [55]. This
polyphenol is nontoxic and has several biological and phar-
macological influences, such as antitumor, antioxidative,
anti-inflammatory, antimicrobial, and antiviral effects [55–58].
Several published papers have addressed the anticancer poten-
tial of curcumin in many cancers, e.g., breast, gastric, prostate,
ovarian, pancreatic, colorectal, and cervical tumors [58]. Curcu-
min targets cancer cells through various mechanisms; for exam-
ple, it inhibits angiogenesis, epithelial-mesenchymal transition,
invasion, and metastasis of cancer through regulation of the
expression of noncoding RNA related to cancer [59–62]. Other
mechanisms by which curcumin affects tumoral disorders
include suppression of different cell signaling proteins, like
nuclear factor-kappa B (NF-κB), cyclooxygenase-2, activator
protein 1, cyclin D1, matrix metalloproteinases, epidermal
growth factor receptor, β-catenin, Akt, and also TNF [63].
With regard to TC, some evidence also expressed the possible
therapeutic potential of curcumin (Table 1). In this direction, it
has been declared that this herbal compound can trigger the
apoptosis process in TC by elevating caspase-9, caspase-8, and
caspase-3 activities and cytoplasmic Cyt-c and Bax levels and
decreasing the Bcl-2 level [64]. Similar to these results, an inves-
tigation demonstrated synergistic effects of curcumin with bleo-
mycin, the most common anticancer agent for treating TC,
through reduction of cell viability and induction of caspase-
dependent apoptotic signaling pathways, accompanied by a
decreased Bcl-2 expression and increased Bax and Cyt-c levels
in NTera-2 cell lines [65]. Interestingly, Cort et al. [23] demon-
strated a positive role of curcumin in the improvement of the
antioxidant defense system by reducing protein carbonylation
(protein oxidation) and lipid hydroperoxide and promoting
total antioxidant capacity in TC cells. However, in this work,
the levels of glutathione (GSH), an antioxidant agent, in the
NCCIT cells were significantly decreased [23]. According to
some evidence, reduced GSH levels resulting from curcumin
therapy in some cancer cells can be due to reactive oxygen
species-independent factors [66]. In another effort by Zhou et
al. [67], it was revealed that curcumin fights against TC through
the apoptosis induction via the caspase-dependent apoptotic
pathway, reduction of extracellular-regulated kinase (ERK)
and protein kinase B (Akt) phosphorylation, transcription
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factor AP-2γ expression, and suppression of ErbB2 expression,
therefore it can inhibit malignant testicular germ cell prolifera-
tion and decreases cancer cell viability, and colony formation in
vitro (Figure 2). AP-2γ, as a subclass of the AP transcription
factor family, has a crucial role in the differentiation and devel-
opment of germ cells and trophoblast, and recent results accen-
tuated its role in self-renewal and viability of immature germ
cells [68, 69]. AP-2 is a key trigger for the ErbB2 gene, whose loss
function in cancer cell results in apoptosis stimulation and cell

growth repression [67, 70]. Taken together, the present docu-
ments emphasize that this phenol can combat TC mainly by
triggering apoptotic and antioxidant pathways. One of the sub-
stantial questions regarding curcumin therapy in malignan-
cies, like TC, is how this polyphenol targets cancer cells
without affecting normal cells. It seems that curcumin faces
tumor cells and normal cells selectively. Results obtained
from absorption and spectrofluorimetry techniques indi-
cated that the cellular uptake of this natural compound is
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FIGURE 1: Some pathogenic agents are involved in testicular cancer incidence and progression. CACNA1F, calcium voltage-gated channel
subunit alpha1 F; VEGFR2, vascular endothelial growth factor-2; miR-372, microRNA 372; miR-373, microRNA 373; CMTM3, CKLF-like
MARVEL transmembrane domain containing 3; CCL-5, C-C chemokine ligand-5; CXCL-10, C-X-C motif chemokine ligand-10; CXCL-13,
C-X-C motif chemokine ligand-13; IL-1ß; interleukin-1ß; TNF-α, tumor necrosis factor-α; IL-6, Interleukin-6; PGC, primordial germ cell;
LATS2, large tumor suppressor homolog 2.

TABLE 1: List of studies in which the effect of curcumin on testicular cancer has been investigated.

Ref. Cell line Key findings Curcumin dose

[69] NTera-2
Inducing apoptosis, repressing cell proliferation, and decreasing AP-2γ
expression

5, 10, and 15 μmol/L

[65] NCCIT
Inducing apoptosis by increasing caspase-3, caspase-8, and caspase-9 functions
and cytoplasmic Cyt-c and Bax levels and reducing Bcl-2 level

5 μM

[65] NTera-2 and NCCIT
Attenuating GSH and lipid hydroperoxide levels and protein carbonylation in
NCCIT cells and potentiating total antioxidant capacity in NTera-2 cells

5 and 20 μM

[66] NTera-2
Reducing cell viability, elevating caspase-3, -8, and -9, cytoplasmic cytochrome c,
and Bax levels, and diminishing Bcl-2 level

20 µM
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higher in cancer cells than in healthy cells [71]. Also,
decreased GSH levels in tumor cells enhance the sensitivity
of malignant cells to curcumin. Another effective factor in
the targeted function of curcumin is related to its action on
inflammatory agents. Curcumin represses cancer cell pro-
liferation and viability by suppressing NF-κB, which is not
expressed in normal cells by this herbal product [72]. How-
ever, more reports are needed to approve its exact effects
and mechanisms on TC and normal cells in vivo and in
vitro.

4. Conclusion

In the population of young men, TC is one of the main
responsible of morbidity and mortality globally, and despite
multiple efforts of researchers, it has not been proposed a
functional treatment with high effectiveness and low side
effects yet. Recently, a natural herbal remedy by the media-
tion of curcumin extracted from the plant C. longa has gained
much consideration in the treatment of many cancers like TC.
Some documents stated that curcumin targets TC cells through
different mechanisms, like increasing caspase-9, caspase-8, and
caspase-3 functions, and cytoplasmic Cyt-c and Bax levels,
reducing Bcl-2 levels, ERK and Akt phosphorylation, GSH
and lipid hydroperoxide levels, protein carbonylation, and
transcription factor AP-2γ expression and inhibiting ErbB2
expression, cancer cell viability, and colony formation. How-
ever, more in vivo and in vitro researches are required to sup-
port these statements.

Data Availability

All data generated or analyzed during this study are included
in this article. Further enquiries can be directed to the cor-
responding author.

Disclosure

This is a review article that summarizes past studies and the
references used in the text. Figures were designed by the web-
based software BioRender.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Reza Arefnezhad, Pouya Goleij, and Negar Heydari contrib-
uted to the acquisition, analysis, and interpretation of data
for the work. Fatemeh Rezaei-Tazangi and Hossein Mote-
dayyen contributed to the write-up of the review article.

References

[1] G. J. Nason, P. Chung, P. Warde et al., “Controversies in the
management of clinical stage 1 testis cancer,” Canadian
Urological Association Journal, vol. 14, no. 11, pp. E537–
E542, 2020.

Testicular cancer

Cancer cell
apoptosis

Bax

Bcl-2

Cell viability

Colony formation

ErbB2

Bcl-2

GSH

Curcumin

ERK

ERK and Akt phosphorylation,
and transcription factor AP-2y

Cyt-c

Caspase-9, caspase-8,
and caspase-3

Cytoplasmic Cyt-c and Bax

FIGURE 2: Curcumin, as a herbal candidate, can target testicular cancer cells through diverse mechanisms, like apoptosis induction, antioxi-
dant system capacity promotion, and inhibition of cell viability and colony formation. ERK, extracellular-regulated kinase; AP-2γ, activator
protein-2γ; Cyt-c, cytochrome-c; Bax, Bcl-2-associated X; Bcl-2; B-cell lymphoma-2; GSH, glutathione.

4 Andrologia



[2] M. Regouc, M. G. Belge, A. Lorch, K. P. Dieckmann, and
M. Pichler, “Non-coding microRNAs as novel potential tumor
markers in testicular cancer,” Cancers, vol. 12, no. 3,
Article ID 749, 2020.

[3] L. Pietrzyk, M. Denisow-Pietrzyk, M. Czeczelewski, K. Ślizień-
Kuczapski, and K. Torres, “Cancer education matters: a report
on testicular cancer knowledge, awareness, and self-examination
practice among young Polish men,” Scientific Reports, vol. 10,
Article ID 20684, 2020.

[4] C. Ji, Y. Wang, Y. Wang et al., “Immune-related genes play an
important role in the prognosis of patients with testicular germ
cell tumor,” Annals of Translational Medicine, vol. 8, no. 14,
Article ID 866, 2020.

[5] S. Giona, “The epidemiology of testicular cancer,” in Urologic
Cancers [Internet], pp. 107–116, Exon Publications, 2022.

[6] M. D. J. P. Dilworth, M. D. G. M. Farrow, and
M. D. J. E. Oesterling, “Non-germ cell tumors of testis,”
Urology, vol. 37, no. 5, pp. 399–417, 1991.

[7] O. Khan and A. Protheroe, “Testis cancer,” Postgraduate
Medical Journal, vol. 83, no. 984, pp. 624–632, 2007.

[8] F. Ghobadinezhad, N. Ebrahimi, F. Mozaffari et al., “The
emerging role of regulatory cell-based therapy in autoimmune
disease,” Frontiers in Immunology, vol. 13, Article ID 1075813,
2022.

[9] F. Aliakbari, N. Taghizabet, F. Azizi, F. Rezaei-Tazangi,
K. S. Gelehkolaee, and E. Kharazinejad, “A review of methods
for preserving male fertility,” Zygote, vol. 30, no. 3, pp. 289–
297, 2022.

[10] A. C. Cameron, K. McMahon, M. Hall et al., “Comprehensive
characterization of the vascular effects of cisplatin-based
chemotherapy in patients with testicular cancer,” JACC:
CardioOncology, vol. 2, no. 3, pp. 443–455, 2020.

[11] S. A. Curreri, C. Fung, and C. J. Beard, “Secondary malignant
neoplasms in testicular cancer survivors,” Urologic Oncology:
Seminars and Original Investigations, vol. 33, no. 9, pp. 392–
398, 2015.

[12] P. Paffenholz, K. Grein, I. Heidegger et al., “Predictors of
thrombosis in testicular cancer during platinum-based
chemotherapy,” World Journal of Urology, vol. 37, pp. 1907–
1916, 2019.

[13] F. Calabrò, P. Albers, C. Bokemeyer et al., “The contemporary
role of chemotherapy for advanced testis cancer: a systematic
review of the literature,” European Urology, vol. 61, no. 6,
pp. 1212–1221, 2012.

[14] S. J. Howell and S. M. Shalet, “Spermatogenesis after cancer
treatment: damage and recovery,” JNCIMonographs, vol. 2005,
no. 34, pp. 12–17, 2005.

[15] Z. Rafiee, F. Rezaee-Tazangi, L. Zeidooni, H. Alidadi, and
L. Khorsandi, “Protective effects of selenium on bisphenol A-
induced oxidative stress in mouse testicular mitochondria and
sperm motility,” JBRA Assisted Reproduction, vol. 25, no. 3,
pp. 459–465, 2021.

[16] V. Borbélyová, E. Renczés, M. Chovanec, M. Mego, and
P. Celec, “Transient effects of chemotherapy for testicular cancer
on mouse behaviour,” Scientific Reports, vol. 10, Article ID
10224, 2020.

[17] F. Rezaee-Tazangi, N. Varaa, L. Khorsandi, and M. Abbaspour,
“Effects of silymarin-loaded polylactic-co-glycolic acid nano-
particles on osteoarthritis in rats,” Iranian Journal of Science
and Technology, Transactions A: Science, vol. 44, pp. 605–614,
2020.

[18] K. Ried and K. Stuart, “Efficacy of traditional Chinese herbal
medicine in the management of female infertility: a systematic

review,” Complementary Therapies in Medicine, vol. 19, no. 6,
pp. 319–331, 2011.

[19] F. Samadi, M. S. Kahrizi, F. Heydari et al., “Quercetin and
osteoarthritis: a mechanistic review on the present docu-
ments,” Pharmacology, vol. 107, no. 9-10, pp. 464–471, 2022.

[20] C. M. Kibiti and A. J. Afolayan, “Herbal therapy: a review of
emerging pharmacological tools in the management of diabetes
mellitus in Africa,” Pharmacognosy Magazine, vol. 11, no. 44s1,
pp. S258–S274, 2015.

[21] I. Husain, S. Zameer, T. Madaan et al., “Exploring the multifaceted
neuroprotective actions of Emblica officinalis (amla): a review,”
Metabolic Brain Disease, vol. 34, pp. 957–965, 2019.

[22] A. Giordano and G. Tommonaro, “Curcumin and cancer,”
Nutrients, vol. 11, no. 10, Article ID 2376, 2019.

[23] A. Cort, M. Timur, E. Ozdemir, E. Kucuksayan, and T. Ozben,
“Synergistic anticancer activity of curcumin and bleomycin: an
in vitro study using human malignant testicular germ cells,”
Molecular Medicine Reports, vol. 5, no. 6, pp. 1481–1486,
2012.

[24] J. Epstein, I. R. Sanderson, and T. T. MacDonald, “Curcumin
as a therapeutic agent: the evidence from in vitro, animal and
human studies,” British Journal of Nutrition, vol. 103, no. 11,
pp. 1545–1557, 2010.

[25] S.-S. Lin, K.-C. Lai, S.-C. Hsu et al., “Curcumin inhibits the
migration and invasion of human A549 lung cancer cells
through the inhibition of matrix metalloproteinase-2 and-9
and vascular endothelial growth factor (VEGF),” Cancer
Letters, vol. 285, no. 2, pp. 127–133, 2009.

[26] R. Farghadani and R. Naidu, “Curcumin as an enhancer of
therapeutic efficiency of chemotherapy drugs in breast
cancer,” International Journal of Molecular Sciences, vol. 23,
no. 4, Article ID 2144, 2022.

[27] J. Li, “Curcumin inhibits the growth and induces apoptosis of
human endometrial cancer cells,” Indian Journal of Pharma-
ceutical Sciences, vol. 84, no. 6, pp. 1514–1519, 2022.

[28] M. Hashemi, S. Mirzaei, M. Barati et al., “Curcumin in the
treatment of urological cancers: therapeutic targets, challenges
and prospects,” Life Sciences, vol. 309, no. 21, Article ID
120984, 2022.

[29] F. S. Alanyali and M. Alkan, “The antiproliferative and
cytotoxic effects of curcumin on human cervical cancer Hep2C
cell line,” Turkish Bulletin of Hygiene and Experimental Biology,
vol. 79, no. 2, pp. 293–300, 2022.

[30] C. Winter and P. Albers, “Testicular germ cell tumors:
pathogenesis, diagnosis and treatment,” Nature Reviews Endocri-
nology, vol. 7, pp. 43–53, 2011.

[31] H. Møller and E. Niels, “Risk of testicular cancer in subfertile
men: case–control study,” BMJ, vol. 318, Article ID 559, 1999.

[32] R. Jacobsen, E. Bostofte, G. Engholm et al., “Risk of testicular
cancer in men with abnormal semen characteristics: cohort
study,” BMJ, vol. 321, Article ID 789, 2000.

[33] H. A. Hanson, R. E. Anderson, K. I. Aston, D. T. Carrell,
K. R. Smith, and J. M. Hotaling, “Subfertility increases risk of
testicular cancer: evidence from population-based semen
samples,” Fertility and Sterility, vol. 105, no. 2, pp. 322–328.
E1, 2016.

[34] K. A. McGlynn, S. M. Quraishi, B. I. Graubard, J.-P. Weber,
M. V. Rubertone, and R. L. Erickson, “Persistent organochlo-
rine pesticides and risk of testicular germ cell tumors,” JNCI:
Journal of the National Cancer Institute, vol. 100, no. 9,
pp. 663–671, 2008.

[35] J. E. Elzinga-Tinke, G. R. Dohle, and L. H. J. Looijenga,
“Etiology and early pathogenesis of malignant testicular germ

Andrologia 5



cell tumors: towards possibilities for preinvasive diagnosis,”
Asian Journal of Andrology, vol. 17, no. 3, pp. 381–393, 2015.

[36] M. Chovanec and L. Cheng, “Molecular characterization of
testicular germ cell tumors: chasing the underlying pathways,”
Future Medicine, vol. 14, no. 3, pp. 227–229, 2019.

[37] N. E. Skakkebaek, E. R. De Meyts, and K. M. Main,
“Testicular dysgenesis syndrome: an increasingly common
developmental disorder with environmental aspects,” APMIS,
vol. 109, no. S103, pp. S22–S30, 2001.

[38] N. E. Skakkebaek, E. Rajpert-De Meyts, G. M. Buck Louis
et al., “Male reproductive disorders and fertility trends:
influences of environment and genetic susceptibility,” Physio-
logical Reviews, vol. 96, no. 1, pp. 55–97, 2016.

[39] A. Jørgensen, M. L. Johansen, A. Juul, N. E. Skakkebaek,
K. M. Main, and E. Rajpert-De Meyts, “Pathogenesis of germ
cell neoplasia in testicular dysgenesis and disorders of sex
development,” Seminars in Cell & Developmental Biology,
vol. 45, pp. 124–137, 2015.

[40] C. E. Hoei-Hansen, M. Holm, E. Rajpert-De Meyts, and
N. E. Skakkebaek, “Histological evidence of testicular dysgene-
sis in contralateral biopsies from 218 patients with testicular
germ cell cancer,” The Journal of Pathology, vol. 200, no. 3,
pp. 370–374, 2003.

[41] N. Jørgensen, E. R. Meyts, N. Graem, J. Müller, A. Giwercman,
and N. E. Skakkebaek, “Expression of immunohistochemical
markers for testicular carcinoma in situ by normal human fetal
germ cells,” Laboratory Investigation, vol. 72, no. 2, pp. 223–
231, 1995.

[42] F. Honecker, H. Stoop, R. R. de Krijger, Y.-F. C. Lau,
C. Bokemeyer, and L. H. J. Looijenga, “Pathobiological implica-
tions of the expression of markers of testicular carcinoma in situ
by fetal germ cells,” The Journal of Pathology, vol. 203, no. 3,
pp. 849–857, 2004.

[43] E. W. A. Rajpert-Meyts and C. Hoei-Hansen, “From gonocytes
to testicular cancer,” Annals of the New York Academy of
Sciences, vol. 1120, no. 1, pp. 168–180, 2007.

[44] A. Ferlin and C. Foresta, “Testis cancer: genes, environment,
hormones,” Frontiers in Endocrinology, vol. 5, Article ID 172,
2014.

[45] A. Heidenreich, S. Srivastava, J. W. Moul, and R. Hofmann,
“Molecular genetic parameters in pathogenesis and prognosis
of testicular germ cell tumors,” European Urology, vol. 37,
no. 2, pp. 121–135, 2000.

[46] C.-Y. Wang, M.-D. Lai, N. N. Phan, Z. Sun, Y.-C. Lin, and
J. D. Hoheisel, “Meta-analysis of public microarray datasets
reveals voltage-gated calcium gene signatures in clinical cancer
patients,” PLOSONE, vol. 10, no. 7, Article ID e0125766, 2015.

[47] L. J. Jennewein, G. Bartsch, K. Gust et al., “Increased tumor
vascularization is associated with the amount of immune
competent PD-1 positive cells in testicular germ cell tumors,”
Oncology Letters, vol. 15, no. 6, pp. 9852–9860, 2018.

[48] V. K. Grolmusz, K. Borka, A. Kövesdi et al., “MEN1mutations
and potentially MEN1-targeting miRNAs are responsible for
menin deficiency in sporadic and MEN1 syndrome-associated
primary hyperparathyroidism,” Virchows Archiv, vol. 471,
pp. 401–411, 2017.

[49] A. Bezan, A. Gerger, and M. Pichler, “MicroRNAs in testicular
cancer: implications for pathogenesis, diagnosis, prognosis
and therapy,” Anticancer Research, vol. 34, no. 6, pp. 2709–
2713, 2014.

[50] P. A. J. Muller and K. H. Vousden, “Mutant p53 in cancer:
new functions and therapeutic opportunities,” Cancer cell,
vol. 25, no. 3, pp. 304–317, 2014.

[51] P. M. Voorhoeve, C. le Sage, M. Schrier et al., “A genetic
screen implicates miRNA-372 and miRNA-373 as oncogenes
in testicular germ cell tumors,” Cell, vol. 124, no. 6, pp. 1169–
1181, 2006.

[52] Z. Li, J. Xie, J. Wu et al., “CMTM3 inhibits human testicular
cancer cell growth through inducing cell-cycle arrest and
apoptosis,” PLOS ONE, vol. 9, no. 2, Article ID e88965, 2014.

[53] Y. Imamura, T. Katahira, and D. Kitamura, “Identification and
characterization of a novel BASH N terminus-associated
protein, BNAS2,” Journal of Biological Chemistry, vol. 279,
no. 25, pp. 26425–26432, 2004.

[54] B. Klein, T. Haggeney, D. Fietz et al., “Specific immune cell
and cytokine characteristics of human testicular germ cell
neoplasia,” Human Reproduction, vol. 31, no. 10, pp. 2192–
2202, 2016.

[55] H. Hatcher, R. Planalp, J. Cho, F. M. Torti, and S. V. Torti,
“Curcumin: from ancient medicine to current clinical trials,”
Cellular and Molecular Life Sciences, vol. 65, pp. 1631–1652,
2008.

[56] A. B. Kunnumakkara, D. Bordoloi, C. Harsha, K. Banik,
S. C. Gupta, and B. B. Aggarwal, “Curcumin mediates anticancer
effects by modulating multiple cell signaling pathways,” Clinical
Science, vol. 131, no. 15, pp. 1781–1799, 2017.

[57] L. M. Mendonça, C. da Silva Machado, C. C. C. Teixeira,
L. A. Pedro de Freitas, M. de Lourdes Pires Bianchi, and
L. M. G. Antunes, “Curcumin reduces cisplatin-induced
neurotoxicity in NGF-differentiated PC12 cells,” NeuroTox-
icology, vol. 34, pp. 205–211, 2013.

[58] F. Rezaei-Tazangi, H. Roghani-Shahraki, M. K. Ghaffari et al.,
“The therapeutic potential of common herbal and nano-based
herbal formulations against ovarian cancer: new insight into
the current evidence,” Pharmaceuticals, vol. 14, no. 12,
Article ID 1315, 2021.

[59] Y. Li, W. Sun, N. Han, Y. Zou, and D. Yin, “Curcumin inhibits
proliferation, migration, invasion and promotes apoptosis of
retinoblastoma cell lines through modulation of miR-99a and
JAK/STAT pathway,” BMC Cancer, vol. 18, Article ID 1230,
2018.

[60] F. Ghasemi, M. Shafiee, Z. Banikazemi et al., “Curcumin
inhibits NF-kB andWnt/β-catenin pathways in cervical cancer
cells,” Pathology—Research and Practice, vol. 215, no. 10,
pp. 152556–152568, 2019.

[61] X. Li, W. Xie, C. Xie et al., “Curcumin modulates miR-19/
PTEN/AKT/p53 axis to suppress bisphenol A-induced MCF-7
breast cancer cell proliferation,” Phytotherapy Research,
vol. 28, no. 10, pp. 1553–1560, 2014.

[62] H. Wang, K. Zhang, J. Liu et al., “Curcumin regulates cancer
progression: focus on ncRNAs andmolecular signaling pathways,”
Frontiers in Oncology, vol. 11, Article ID 660712, 2021.

[63] P. D. Kasi, R. Tamilselvam, K. Skalicka-Woźniak et al.,
“Molecular targets of curcumin for cancer therapy: an updated
review,” Tumor Biology, vol. 37, pp. 13017–13028, 2016.

[64] A. Cort, M. Timur, E. Ozdemir, and T. Ozben, “Effects of
curcumin on bleomycin-induced apoptosis in humanmalignant
testicular germ cells,” Journal of Physiology and Biochemistry,
vol. 69, pp. 289–296, 2013.

[65] A. Cort, E. Ozdemir, M. Timur, and T. Ozben, “Effects of
curcumin on bleomycin-induced oxidative stress in malignant
testicular germ cell tumors,”Molecular Medicine Reports, vol. 6,
no. 4, pp. 860–866, 2012.

[66] A. L. Hilchie, S. J. Furlong, K. Sutton et al., “Curcumin-
induced apoptosis in PC3 prostate carcinoma cells is caspase-
independent and involves cellular ceramide accumulation and

6 Andrologia



damage to mitochondria,” Nutrition and Cancer, vol. 62,
no. 3, pp. 379–389, 2010.

[67] C. Zhou, X.-M. Zhao, X.-F. Li et al., “Curcumin inhibits AP-
2γ-induced apoptosis in the human malignant testicular germ
cells in vitro,” Acta Pharmacologica Sinica, vol. 34, pp. 1192–
1200, 2013.

[68] Y. Luo and Y. Yu, “Research advances in gametogenesis and
embryogenesis using pluripotent stem cells,” Frontiers in Cell
and Developmental Biology, vol. 9, Article ID 801468, 2022.

[69] D. Kołat, Z. Kałuzińska, A. K. Bednarek, and E. Płuciennik,
“The biological characteristics of transcription factors AP-2α
and AP-2γ and their importance in various types of cancers,”
Bioscience Reports, vol. 39, no. 3, Article ID BSR20181928,
2019.

[70] G. W. Woodfield, Y. Chen, T. B. Bair, F. E. Domann, and
R. J. Weigel, “Identification of primary gene targets of
TFAP2C in hormone responsive breast carcinoma cells,”
Genes, Chromosomes and Cancer, vol. 49, no. 10, pp. 948–
962, 2010.

[71] B. B. Aggarwal and B. Sung, “Pharmacological basis for the
role of curcumin in chronic diseases: an age-old spice with
modern targets,” Trends in Pharmacological Sciences, vol. 30,
no. 2, pp. 85–94, 2009.

[72] K.-H. Lu, P. W.-A. Lu, E. W.-H. Lu, C.-W. Lin, and
S.-F. Yang, “Curcumin and its analogs and carriers: potential
therapeutic strategies for human osteosarcoma,” International
Journal of Biological Sciences, vol. 19, no. 4, pp. 1241–1265,
2023.

Andrologia 7




