T.C.
YEDITEPE UNIVERSITY
INSTITUTE OF HEALTH SCIENCES
DEPARTMENT OF HISTOLOGY AND EMBRYOLOGY

DETERMINATION OF THE ANTI-CANCER EFFECT
OF VERTEPORFIN IN TCam-2 HUMAN SEMINOMA
CELLS

THE DOCTOR OF HISTOLOGY AND EMBRYOLOGY THESIS

TUGCE ONEL

ISTANBUL-2023



T.C.
YEDITEPE UNIVERSITY
INSTITUTE OF HEALTH SCIENCES
DEPARTMENT OF HISTOLOGY AND EMBRYOLOGY

DETERMINATION OF THE ANTI-CANCER EFFECT
OF VERTEPORFIN IN TCam-2 HUMAN SEMINOMA
CELLS

THE DOCTOR OF HISTOLOGY AND EMBRYOLOGY THESIS

TUGCE ONEL

SUPERVISOR
ASSOC. PROF. AYLIN YABA UCAR

ISTANBUL-2023



APPROVAL

Institute : Yeditepe University Institute of Health Sciences

Programme : Doctoral Program in Histology and Embryology

Title of the Thesis  : Determination of The Anti-cancer Effect of Verteporfin in TCam-
2 Human Seminoma Cells

Owner of the Thesis : Tugge Onel

Examination Date  : 25/01/2023

The Jury judges that the candidate named above has satisfactorily completed his thesis.

Supervisor: Assoc. Prof. Aylin Yaba Ugar
(Yeditepe University, Faculty of Medicine,
Department of Histology and Embryology)

Member/Examiner: Prof. Ahmet Cevik Tufan
(Yildirim Beyazit University, Faculty of Medicine,
Department of Histology and Embryology)

Member/Examiner: Prof. Giilderen Yanikkaya Demirel
(Yeditepe University, Faculty of Medicine,
Department of Immunology)

Member/Examiner: Assoc. Prof. Yasemin Seval Celik
(Izmir Ekonomi University, Faculty of Medicine,
Department of Histology and Embryology)

Member/Examiner: Assist. Dr. Alev Cumbul
(Yeditepe University, Faculty of Medicine,
Department of Histology and Embryology)

APPROVAL
This thesis has been deemed by the jury in accordance with the relevant articles of
Yeditepe University Graduate Education and Examinations Regulation and has been
approved by Administrative Board of Institute with decision dated ...............c............ and
numbered ..................
Prof. Dr. Bayram Yilmaz
Director of Institute of Health Sciences



DECLARATION

| hereby declare that this thesis is my own work and that, to the best of my knowledge
and belief, it contains no material previously published or written by another person nor
material which has been accepted for the award of any other degree except where due

acknowledgment has been made in the text.

.1..120..
Tugge Onel



DEDICATION

To my family...



ACKNOWLEDGEMENTS

I exceptionally would like to thank my supervisor and counsel Assoc. Prof. Aylin
Yaba UCAR who encouraged me and has been very helpful to me in my laboratory
experiments. | am also appreciative for the checks and corrections she has made about
my thesis. | am grateful to Assoc. Prof. Aylin Yaba UCAR for her psychological support
and friendliness also. Working with Assoc. Prof. Aylin Yaba UCAR has been a privilege

for me; I think she has contributed greatly to my academic point of view.

| have taken pleasure in working with Ecem Yildirnm and Cihan Siileyman
Erdogan while doing my experiments; | give them endless thanks for their understanding
and encouragement. | am also appreciative for their interest and help in conducting the

thesis experiments.

| was deeply affected with the help of my close friends Dr. Mehmet Serif Aydin
and Olgu Enis Tok really thank them for the close interest and supportive approache they

showed me throughout my studies.

I would also like to thank Prof. Bayram Yilmaz, Prof. Giilderen Yanikkaya
Demirel and PhD Basak Aru for their support and help during the experiments for my
thesis.

And the last thanks are for my mom Sermin Onel, my father Fevzi Onel and my
sister Buse Onel; the work they spent on me and the patience they showed can never be

paid. I am also grateful to them for their unconditional, real love and endless interest.



TABLE OF CONTENTS

APPROWVAL ..ttt ettt ettt et na e be e sne e ne e I
DECLARATION ...ttt st et et e e e e nbeesbeeenee i
DEDICATION ...ttt ne e nee 1\
ACKNOWLEDGEMENTS. ... %
TABLE OF CONTENTS ..o Vi
LIST OF TABLES. ... IX
LIST OF FIGURES ... .o X
LIST OF SYMBOLS AND ABBREVIATIONS .......oooiiiiiiieeee e XX
ABSTRACT ..ttt re e XXii
OZET ...ttt oo silienssenesenerssilibnnstneessseesilibersseeseessillbinmasetlie ooreessnessesenesesenssssenssnes XXl
1. INTRODUCTION AND PURPOSE .......cooiiiiiieiiieiie e 1
2. LITERATURE REVIEW ....ooiiiiii ettt 3
2.1. Male Genital SYSTEM.......ccuiiiiiii e 3
2.0 L SIS ..ttt et bbbttt 4
2.1. 1.1, SPEIMALOGENESIS ...ecvveueeeetestesteste ettt ettt sttt sttt et e bbb bbb 6
2.1.1.2. SPEIMIOGENESIS ...c.veiveeireiteeiie et et e ste et et este e e e e steeste s e e sseesteessesreesreeneesreesreenrennes 7
2.1.1.3. BlOOG-TESEIS BAITIET ......cuiiviiiiiiiiiieieeieie ettt 9
2.2, TESHICUIAT CANCET ...ttt 11
2.2.1. Testicular Cancer DeVEIOPMENL...........cceiveiiiieie et 11
2.2.2. TeStiCUlar CaNCEr TYPES ...cvveiiiiiecieeie ettt esre e raenne e 13
2.2.3. Testicular Cancer TreatMeNt...........ccuvviieieriier s 15
2.2.4. TCAM-2 CeII LINE .ot 16
2.3. Hippo Signaling PatWay .............ccciiiiiiiiiiieie s 19
2.3.1. Hippo Signaling Pathway in Mammals ............ccccoeriiininiiiiee e 19
2.3.2. Hippo Signaling Pathway in Reproductive SYStem ..........ccccevvererenienininiennienns 22

Vi



2.3.3. Hippo Signaling in HUMAN CaNCET ..........cceiiiiriiiiieieeeese e 23

2.3.4. The Role of Verteporfin as Hippo Signaling Pathway Inhibitor .......................... 26
3. MATERIAL and METHODS.........oiioiiie ettt 29
3.1. Human Sample Groups and DESIGN..........cccueierieieriiinieisieieee e 29
3.1.1. Morphological EVAIUALION ...........cccoiiiiiiiieieese e 30
3.1.2. Immunohistochemistry StaiNINg ........ccccvveiieieiieie e 30
3.2. Cell CUIUIE STUAIES ... 32
3.2.1. EXPErimental OVEIVIEW .........ccveiieiuieieieesie ettt te e sta e steenae e nne s 32
3.2.2. Cell COUNLING ASSAY ....vveiveeieciieiieeite et steeste et aesteete e e sreenseeneesreeeesneenreas 33
3.2.3. WESEEIN BIOLHING .....ccveeiiiiieiece ettt nne s 34
3.2.4. ImmMUNOFIUOreSCENCE SLAINING ...cvveivreieiieiieie e ere s 36
3.2.5. Quantitative Real Time Polymerase Chain Reaction (QRT-PCR).........c.cccccvev.e. 37
3.2.6. Wound-Healing SCratCh ASSAY ..........cccuriieiieieriiiiniisesieeeie e 41
3.2.7. FIOW CYLOMELIY ...t bbbt 41
3.2.8. SALiStICAl ANAIYSIS.....c.eiiiiiiiei s 41
A RESULTS Lttt bttt be et e et e e et e e nreeenbeenneeas 43

4.1. Morphological Evaluation of Experimental Groups by Hematoxylin-Eosin (H&E)

R0 -1 L1121 [OOSR 43
4.2. Immunohistochemistry Staining ..........ccccovveiieiiiic i 45
4.3. Evaluation of Hippo Signaling Pathway Proteins by Western Blot ....................... 75
4.4. Confocal Microscopy Imaging of TCam-2 CellS .........cccceevveviiicieeie e, 82

4.5. Effect of Verteporfin Treatment on the Expression of the Hippo Pathway Genes.. 91

4.6. Effect of Verteporfin Treatment on the Cell Counts ..........cccccovvvieiiiiiiciie e 93
4.7. Effect of Verteporfin Treatment on the Cell Migration...........ccccccvveniiiiiiienenn 94
4.8. Effect of Verteporfin Treatment on APOPLOSIS ........cvvririririierieie e 100
5. DISCUSSION AND CONCLUSION ....ccciiiiieiie et 107
6. APPENDICES ... .ottt sttt be e nnee s 140

vii



6.1. EHICAL APPROVAL ...ttt 140

6.2. CURRICULUM VITAE ... .ot 141

viii



LIST OF TABLES

Table 1. List of primary antibodies for Western blot analysis. ............ccccceevvviveieiiennen, 36
Table 2. cDNA synthesis reaction CONLENTS. .........cccevveevierieiiiese e 38
Table 3. qRT-PCR reaction CONTENTS. .........ccoveieiieiierieiiesieeeeeeee e 39
Table 4. qRT-PCR reaction protoCol. ..........ccoieieiiieiiiisiiieeeee e 39
Table 5. Primer sequences used in qRT-PCR. ........ccccciieii i 39
Table 6. Evaluation of the IHC scores of the tissues for control group. .........c.cccccuenee. 71

Table 7. Evaluation of the IHC scores of the tissues for embryonal carcinoma group.. 72

Table 8. Evaluation of the IHC scores of the tissues for seminoma group. ................... 73



LIST OF FIGURES

Figure 1. Components of the male genital system (26). ........cccocvevevievicve i, 3

Figure 2. Section of human testis. a. This schematic diagram shows of the human testis.
b. Hematoxylin & Eosin (H&E) stained section of the head and body of the epididymis
T T0 I (=R (S (1 ) SO SPS 5

Figure 3. Schematic diagram showing spermatogenic cells. This diagram shows the
spermatogenic cell lines, respectively. Cytoplasmic division is seen only in primitive type
A dark spermatogonia, which act as stem cells. All other spermatogenic cells undergo
mitotic and meiotic divisions and undergo the process of differentiation of spermatids.
The cells transform into spermatozoa as they pass through the lumen. Sertoli cells

phagocytize residual bodies in the environment (17). ......ccoovieiiieiiiie i 7
Figure 4. Schematic diagram of spermiogenesis Stages (17). .......cccovrerererienienieniiniiennn. 9

Figure 5. Concept of the blood-testicular barrier (BTB). BTB consists of tight junctions,
desmosome and gap junctions, basal ectoplasmic specialization, and bundles of actin
filaments sandwiched between the endoplasmic reticulum cisterna and the plasma

membranes of two opposing Sertoli Cells (51). ..o 11

Figure 6. Model of testicular germ cell tumor type Il (TGCT). The arrest of
differentiation in PGC or gonocytes in the prenatal stage leads to the formation of GCNIS
in the seminiferous tubules. After puberty, GCNIS cells may begin to differentiate into
nonseminoma, seminoma, or both. GCNIS originates from corrupted SC. The current
hypothesis proposes that there are prepubertal cells that have been arrested during
differentiation of impaired SCs. These cells are not capable of supporting normal
spermatogonial development, resulting in delays and disruptions in germ cell
differentiation (Theory 1). Furthermore, these SCs are thought to be adult cells
differentiating under the influence of GCNIS and/or the underlying pathological process
(TREOIY 2) (72) ettt bbbttt bbbt 13

Figure 7. Germ cell neoplasms. Germ cell tumor systematics reoccur as tumors that
differentiate from GCNIS. Human GCNIS exhibit the absence of spermatogenesis (a),
layer of atypical cells resembling seminoma cells lined up along the basement membrane
(spermatogonial niche) (b), Intratubular seminoma (c), usually occurs when seminiferous

tubules are completely present with seminoma cells, this example showing both invasive

X



and intertubular components (d), Intratubular embryonal carcinoma is typically
characterized by calcification and intratubular necrosis (e, f), (Abbreviations: YST = yolk
tumor, NOS = not otherwise specified) (86).........cccccviverieeiiiieiiece e 15

Figure 8. Roles of Hippo signaling pathway. Hippo signaling pathway regulates cell
proliferation, differentiation, growth and death (117). .....ccooveviiiininieiie e, 19

Figure 9. Hippo signaling pathway components (116). .........c.ccooererereneneneniseeienen, 20

Figure 10. Components of Hippo Signaling Pathway. Comparison of Hippo signaling

pathway core components between Drosophila and mammals (125).........ccccccceeiveennn. 21

Figure 11. Hippo signaling pathway activity responds to and regulates many cellular
features associated with tumorigenesis. In Drosophila melanogaster, the orthologs of
Yorkie Yes-associated protein (YAP) and transcriptional co-activator with PDZ-binding

motif (TAZ) are channels for Hippo pathway regulation and output (127). .................. 22

Figure 12. Hippo Signaling Pathway Inhibitor Verteporfin. Dual mechanism by which
decrease of cell proliferation (left) through YAP/TAZ interaction and induction of

cellular apoptosis (right) by light activation causing oxidative stress (166). ................. 27

Figure 13. Testicular tumor classification. Testicular cancer types are summarized in the
figure. We can divide them into two groups: stromal tumors (Sertoli cell and Leydig cell
tumors) and germ cell tumors with their common source, germ cell neoplasia in situ
(101N 1) TSSOSO 29

Figure 14. General outline of TCam-2 human seminoma cell culture and post procedures.

Figure 15. Morphological evaluation of experimental groups by Hematoxylin-Eosin
(H&E) staining. A, A’, A”’. In control human testicular tissue; seminiferous tubules,
Leydig cells (asterix) and seminiferous tubule basement membrane were observed in
normal structure. Sperm were found in many seminiferous tubule lumens (round dot). B,
B’, B”’. carcinoma cells, the cell borders were indistinct and showed agglomerations.
Cells have prominent nuclei, large vesicular nuclei and extensive cytoplasm. Blood cells
are seen among the carcinoma cells (asterix). C, C’, C*’. The distances of the cells are
regular and they are arranged in clusters. Seminoma cells were observed to have prominent
nucleoli, light colored, large cytoplasm and large nuclei. Nuclei richer in chromatin are

seen and there is more than one nucleoli. A large number of lymphocyte cells are seen

Xi



among the seminoma cells, which are distributed in clusters. An increase in the number of

blood vessels in the interstitial area Was ODSEIVE. .........eeeeee e 44

Figure 16. MST1/2 protein localization in human control tissue is demonstrated by
immunohistochemistry staining. The star refers to Leydig and blood cells in the interstitial
space between the seminiferous tubules. Thin arrow, myoid cells; arrowhead,
spermatogonium; thick arrow, spermatocytes; ellipse represents round spermatids and
square represents elongated spermatids. There is no staining pattern in the negative

control which is indicated in the INSert IMage. .........cccevvereiiesieece e 46

Figure 17. MST1/2 protein localization in human embryonal carcinoma tissue is
demonstrated by immunohistochemistry staining. The ellipse includes neutrophils among
the carcinoma cells; arrowhead represents atypical cells. The chevrons indicate the
vascular endothelium. There is no staining pattern in the negative control which is

indicated iN the INSEIt IMAGE. ......cooiiiiiiiii e 47

Figure 18. MST1/2 protein localization in human seminoma tissue is demonstrated by
immunohistochemistry staining. Dashed line indicates lymphocytes arrayed on fibrous
septa between seminoma cells. There is no staining pattern in the negative control which

IS indicated in the INSEIt IMAJE. .......ooi i 48

Figure 19. MST1/2 protein localization in human control, embryonal carcinoma and

seminoma tissue is demonstrated by immunohistochemistry staining. ............c.cccceeee. 48

Figure 20. p-MST1/2 protein localization in human control tissue is demonstrated by
immunohistochemistry staining. The star refers to Leydig and blood cells in the interstitial
space between the seminiferous tubules. Thin arrow, myoid cells; arrowhead,
spermatogonium; thick arrow, spermatocytes; ellipse represents round spermatids and
square represents elongated spermatids. There is no staining pattern in the negative

control which is indicated in the INSert IMage. ..........cccocveveiieie e 49

Figure 21. p-MST1/2 protein localization in human embryonal carcinoma tissue is
demonstrated by immunohistochemistry staining. The chevrons indicate the vascular
endothelium. There is no staining pattern in the negative control which is indicated in the

[ T=T A TP To TR ORSPR 50

Figure 22. p-MST1/2 protein localization in human seminoma tissue is demonstrated by
immunohistochemistry staining. Dashed line indicates lymphocytes arrayed on fibrous

Xii



septa between seminoma cells. There is no staining pattern in the negative control which
IS indicated N the INSEIt IMAJE. ........cciiiiiiiieee e 51

Figure 23. p-MST1/2 protein localization in human control, embryonal carcinoma and

seminoma tissue is demonstrated by immunohistochemistry staining. ...........cccccccevev.e. 51

Figure 24. LATS1/2 protein localization in human control tissue is demonstrated by
immunohistochemistry staining. The star refersa to Leydig and blood cells in the
interstitial space between the seminiferous tubules. Thin arrow, myoid cells; arrowhead,
spermatogonium; thick arrow, spermatocytes; ellipse represents round spermatids and
square represents elongated spermatids. There is no staining pattern in the negative
control which is indicated in the INSert IMage. .........cocovviiririieieee s 52

Figure 25. LATS1/2 protein localization in human embryonal carcinoma tissue is
demonstrated by immunohistochemistry staining. The chevrons indicate the vascular
endothelium. There is no staining pattern in the negative control which is indicated in the
TNSEIT IMAGE. ...ttt bbbttt bt bbbt b e st et et e b e bt ebtene e e nn s 53

Figure 26. LATS1/2 protein localization in human seminoma tissue is demonstrated by
immunohistochemistry staining. Dashed line indicates lymphocytes arrayed on fibrous
septa between seminoma cells. There is no staining pattern in the negative control which
IS indicated in the INSErt IMAJE. .......cooi i 54

Figure 27. LATS1/2 protein localization in human control, embryonal carcinoma and

seminoma tissue is demonstrated by immunohistochemistry staining. ..............ccccoc.... 54

Figure 28. p-LATS1/2 protein localization in human control tissue is demonstrated by
immunohistochemistry staining. The star refers to Leydig cells in the interstitial space
between the seminiferous tubules. Thin arrow, myoid cells; arrowhead, spermatogonium;
thick arrow, spermatocytes; ellipse represents round spermatids and square represents
elongated spermatids. There is no staining pattern in the negative control which is

indicated in the INSEIt IMAGE. ......ooviiiii e 55

Figure 29. p-LATS1/2 protein localization in human embryonal carcinoma tissue is
demonstrated by immunohistochemistry staining. The thin arrow indicates the mitotic

cells. There is no staining pattern in the negative control which is indicated in the insert

xiii



Figure 30. p-LATS1/2 protein localization in human seminoma tissue is demonstrated
by immunohistochemistry staining. Dashed line indicates lymphocytes arrayed on fibrous
septa between seminoma cells. There is no staining pattern in the negative control which

is indicated in the INSEIT IMAQE. ....ccveivieiecieee e e 57

Figure 31. p-LATS1/2 protein localization in human control, embryonal carcinoma and

seminoma tissue is demonstrated by immunohistochemistry staining. ...........cccecceeveneees 58

Figure 32. YAP1 localization in human control tissue is demonstrated by
immunohistochemistry staining. The star, Leydig cells and chevrons refers to vascular
endothelia in the interstitial space between the seminiferous tubules. Thin arrow, myoid
cells; arrowhead, spermatogonium; thick arrow, spermatocytes; ellipse represents round
spermatids and square represents elongated spermatids. There is no staining pattern in the

negative control which is indicated in the insert image. .........ccccoevveeve e v, 59

Figure 33. YAP1 localization in human embryonal carcinoma tissue is demonstrated by
immunohistochemistry staining. The thin arrow indicates the mitotic cells. There is no

staining pattern in the negative control which is indicated in the insert image. ............. 60

Figure 34. YAP1 localization in human seminoma tissue is demonstrated by
immunohistochemistry staining. Dashed line indicates lymphocytes arrayed on fibrous
septa between seminoma cells. There is no staining pattern in the negative control which
IS indicated in the INSEIt IMAJE. ........coi i 61

Figure 35. YAP localization in human control, embryonal carcinoma and seminoma

tissue is demonstrated by immunohistochemistry staining...........ccccoccevvvevieeieiieveesiee 61

Figure 36. p-YAP1 localization in human control tissue is demonstrated by
immunohistochemistry staining. The star, Leydig cells and chevrons refers to vascular
endothelia in the interstitial space between the seminiferous tubules. Thin arrow, myoid
cells; arrowhead, spermatogonium; thick arrow, spermatocytes; ellipse represents round
spermatids and square represents elongated spermatids. There is no staining pattern in the
negative control which is indicated in the INSert iMage. ...........ccoovvereneiene s 62

Figure 37. p-YAPL1 localization in human embryonal carcinoma tissue is demonstrated
by immunohistochemistry staining. There is no staining pattern in the negative control

which is indicated in the iNSErt IMage. ..o, 63

Xiv



Figure 38. p-YAPL localization in human seminoma tissue is demonstrated by
immunohistochemistry staining. Dashed line indicates lymphocytes arrayed on fibrous
septa between seminoma cells. There is no staining pattern in the negative control which

is indicated in the INSEIT IMAJE. ....ccveiieie e 64

Figure 39. p-YAPL1 localization in human control, embryonal carcinoma and seminoma

tissue is demonstrated by immunohistochemistry Staining.........cccocevevveerienienieneenienes 64

Figure 40. TEAD4 localization in human control tissue is demonstrated by
immunohistochemistry staining. The star refers to Leydig cells in the interstitial space
between the seminiferous tubules. Thin arrow, myoid cells; arrowhead, spermatogonium;
thick arrow, spermatocytes; ellipse represents round spermatids and square represents
elongated spermatids. There is no staining pattern in the negative control which is

indicated in the INSEIT IMAQE. ....eoiveieeice e 65

Figure 41. TEAD4 localization in human embryonal carcinoma tissue is demonstrated
by immunohistochemistry staining. There is no staining pattern in the negative control

which is indicated in the INSErt IMAgE. .........ccceiiiiieie e 66

Figure 42. TEAD4 localization in human seminoma tissue is demonstrated by
immunohistochemistry staining. Dashed line indicates lymphocytes arrayed on fibrous
septa between seminoma cells. There is no staining pattern in the negative control which
IS indicated in the INSEIT IMAJE. .......cooi i 67

Figure 43. TEAD4 localization in human control, embryonal carcinoma and seminoma

tissue is demonstrated by immunohistochemistry staining...........ccccoccevvvevieeieiieveesiee 67

Figure 44. ZO-1 localization in human control tissue is demonstrated by

IMMUNONIStOChEMISTIY StAINING. ....ooviiiiiiiie e 68

Figure 45. ZO-1 localization in human embryonal carcinoma tissue is demonstrated by
immunohistochemistry staining. There is no staining pattern in the negative control which

is indicated in the INSEIt IMAJE. .......coci i 69

Figure 46. ZO-1 localization in human seminoma tissue is demonstrated by
immunohistochemistry staining. There is no staining pattern in the negative control which

IS indicated N the INSEIT IMAGE. .....c.eeiiiiie e 70

XV



Figure 47. ZO-1 localization in human control, embryonal carcinoma and seminoma

tissue is demonstrated by immunohistochemistry Staining.........cccocevevveenieniesieneeniene 70

Figure 48. Immunopositivity scores of Hippo signaling pathway proteins in control testis

DI U, e eeeeee e e e ettt ettt e e e e e e e —teeee et e e e e ——teeeeeeeaae e ————eaeeeeeaaa————eaaeeeaaaaa——— 73

Figure 49. Immunopositivity scores of Hippo signaling pathway proteins in embryonal

AT CINOMIA TISSUR. et 74

Figure 50. Immunopositivity scores of Hippo signaling pathway proteins in seminoma

DI U, ettt et e e e ettt ettt e e e e e e e e e teee e et e e e e —eteeeeeeeaae e ———teeeaeeaaa—————aaeeeeaaaa——— 74

Figure 51. Results of the western blot experiment. a. Representative immunoblot image
for LATS1/2, p-LATS1/2, MST1/2, p-MST1/2, YAPL, p-YAP1 and TEAD4 at control -
40 uM verteporfin doses at 24 h. b. LATS1/2, c. p-LATS1/2,d. MST1/2, e. p-MST1/2, .
YAPL, g. p-YAP1 and h. TEADA4 protein expression levels. (*p<0.05, **p<0.01)....... 77

Figure 52. Results of the western blot experiment. a. Representative immunoblot image
for LATS1/2, p-LATS1/2, MST1/2, p-MST1/2, YAPL, p-YAP1 and TEAD4 at control -
40 uM verteporfin doses at 48 h. b. LATS1/2, c. p-LATS1/2,d. MST1/2, e. p-MST1/2, f.
YAPL, g. p-YAPL1 and h. TEAD4 protein expression levels (*p<0.05, **p<0.01,
***0<0.001, ****P<0.0001). ...ooviiviiiiiiieiee e 79

Figure 53. Results of the western blot experiment. a. Representative immunoblot image
for LATS1/2, p-LATS1/2, MST1/2, p-MST1/2, YAPL, p-YAP1 and TEAD4 at control -
40 uM verteporfin doses at 72 h. b. LATS1/2, c. p-LATS1/2,d. MST1/2, e. p-MST1/2, .
YAPL, g. p-YAPL1 and h. TEAD4 protein expression levels (*p<0.05, **p<0.01,
***0<0.001, ****P<0.0001). ...ooviiiiiiieiiieiee e e 81

Figure 54. The above confocal microscope images, the control group observed the
protein localization of MST1/2 in TCam-2 cells 24 h after 1 uM, 5 uM, 10 uM, 20 uM,
and 40 uM verteporfin treatment. Image of TCam-2 cells under a confocal microscope
with a 63X objective. Additional images were taken with a 20X objective. DAPI stained
cell nuclei. There is no staining pattern in the negative control which is indicated in the

[ T=T A TP To TR ORSPR 83

Figure 55. The above confocal microscope images, the control group observed the
protein localization of p-MST1/2 in TCam-2 cells 24 h after 1 uM, 5 uM, 10 uM, 20 uM,
and 40 uM verteporfin treatment. Image of TCam-2 cells under a confocal microscope

XVi



with a 63X objective. Additional images were taken with a 20X objective. DAPI stained
cell nuclei. There is no staining pattern in the negative control which is indicated in the

L ESTcT o AT T Vo OSSP PS 84

Figure 56. The above confocal microscope images, the control group observe the protein
localization of LATS1/2 in TCam-2 cells 24 h after 1 uM, 5 uM, 10 uM, 20 uM, and 40
uM verteporfin treatment. Image of TCam-2 cells under a confocal microscope with a
63X objective. Additional images were taken with a 20X objective. DAPI stained cell

nuclei. There is no staining pattern in the negative control which is indicated in the insert

Figure 57. The above confocal microscope images, the control group observe the protein
localization of p-LATS1/2 in TCam-2 cells 24 h after 1 uM, 5 uM, 10 uM, 20 uM, and
40 uM verteporfin treatment. Image of TCam-2 cells under a confocal microscope with
a 63X objective. Additional images were taken with a 20X objective. DAPI stained cell
nuclei. There is no staining pattern in the negative control which is indicated in the insert

Figure 58. The above confocal microscope images, the control group observe the protein
localization of YAP1 in TCam-2 cells 24 h after 1 uM, 5 uM, 10 uM, 20 uM, and 40 uM
verteporfin treatment. Image of TCam-2 cells under a confocal microscope with a 63X
objective. Additional images were taken with a 20X objective. DAPI stained cell nuclei.

There is no staining pattern in the negative control which is indicated in the insert image.

Figure 59. The above confocal microscope images, the control group observe the protein
localization of p-YAP1 in TCam-2 cells 24 h after 1 uM, 5 uM, 10 uM, 20 uM, and 40
uM verteporfin treatment. Image of TCam-2 cells under a confocal microscope with a
63X objective. Additional images were taken with a 20X objective. DAPI stained cell

nuclei. There is no staining pattern in the negative control which is indicated in the insert

Figure 60. The above confocal microscope images, the control group observe the protein
localization of TEAD4 in TCam-2 cells 24 h after 1 uM, 5 uM, 10 uM, 20 uM, and 40
uM verteporfin treatment. Image of TCam-2 cells under a confocal microscope with a
63X objective. Additional images were taken with a 20X objective. DAPI stained cell

XVii



nuclei. There is no staining pattern in the negative control which is indicated in the insert

Figure 61. Results of the gRT-PCR experiment. a. LATS1, b. LATS2, c. MST1, d. TEADA4,
€. YAPL MRNA eXpression IEVEIS.........ccoveiiiiiiee et 91

Figure 62. Results of the gRT-PCR experiment. a. LATS1, b. LATS2, c. MST1, d. TEAD4,
e. YAP1 mRNA expression levels. (p<0.05, **Pp<0.01). ....ccooviriieieienenineseeeeeeee 92

Figure 63. Results of the RT-PCR experiment. a. LATS1, b. LATS2, c. MST1, d. TEADA4,
e. YAP1 mRNA expression levels. (**p<0.01, ***p<0.001)......ccccccvvvvereniieiieenieniennnnn, 93

Figure 64. Effect of verteporfin on cell counts at a.24 h, b.48 h and c.72 h. (p<0.05,
**P<0.01, F***FP<O.000L). ..cueiiiiieiieierie et 94

Figure 65. Verteporfin inhibits the migration of TCam-2 cells. The insert-based scratch
migration assay. After 24 h of verteporfin treatment, TCam-2 migration was decreased at

10, 20 and 40 pM compared t0 CONLIOL........cueiieriiiiiiieii e 96

Figure 66. Verteporfin inhibits the migration of TCam-2 cells. The insert-based scratch
migration assay. After 48 h of verteporfin treatment, TCam-2 migration was decreased at
5, 10, 20 and 40 uM compared t0 CONLIOL.......ucverieiverierieiisisieee e 98

Figure 67. Verteporfin insert-based scratch migration assay. The insert-based scratch
migration assay. After 72 h of verteporfin treatment, TCam-2 migration was decreased at
5,10, 20 and 40 pM compared to CONtrol..........ccvviviiiiiiiiiiec e 100

Figure 68. a. Representative flow cytometry histograms, b. viability, c. early apoptosis,
d. late apoptosis and e. necrosis rates. (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).

Figure 69. a. Representative flow cytometry histograms, b. viability, c. early apoptosis,
d. late apoptosis and e. necrosis rates. (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).

Figure 70. a. Representative flow cytometry histograms, b. viability, c. early apoptosis,
d. late apoptosis and e. necrosis rates. (**p<0.01, ***p<0.001, ****p<0.0001). ........ 106

Figure 71. Germ cells are specialized cells found in control (healthy) testes. They are
known as 'primitive’ cells because of their ability to differentiate into all types of cells.

After puberty, germ cells undergo mitosis to develop into spermatogonia. Most mixed

XViii



germ cell tumors may contain seminoma tissue. Seminoma is the most common type
among germ cell tumors. When viewed under the microscope, seminoma tumor cells are
large cells arranged in groups. The cytoplasm of tumor cells is usually clear. The cells are
separated from each other by a thin connective tissue structure called fibrous septa. Tumor
cells are surrounded by lymphocytes on fibrous septa. Localization of Hippo signaling
pathway proteins in seminoma cells has been shown. ..., 111

Figure 72. MST1/2 and LATS1/2 are Hippo signaling pathway kinase proteins. YAP and
TAZ are downstream effectors. When the Hippo signaling pathway is activated MST1/2
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ABSTRACT

Onel, T. (2023). Determination of The Anti-cancer Effect of Verteporfin in TCam-2
Human Seminoma Cells, Yeditepe University, Institute of Health Sciences,

Department of Histology and Embryology, PhD Thesis, Istanbul.

Testicular cancer is the most common solid organ malignancy in young men. The Hippo
pathway is a highly conserved signaling pathway with crucial roles in organ size, tissue
homeostasis, and cancer development. Verteporfin is an inhibitor of Hippo pathway with
promising roles in anticancer therapy. In the thesis study, we hypothesized that
verteporfin may have anti-cancer effect on TCam-2 human seminoma cells. Therefore,
the aim of the study was to investigate the effect of verteporfin treatment at different
doses and concentrations on the proliferation, migration and apoptosis process in TCam-
2 cells. Hippo signaling pathway protein expression in testis, embryonal carcinoma and
seminoma tissues was determined by immunohistochemistry staining. TCam-2 cells were
treated with different concentrations of verteporfin (1, 5, 10, 20 and 40 uM) for 24, 48
and 72 h. Protein and mRNA levels of Hippo pathway proteins, as well as their
localization were investigated. Effect of verteporfin on cell migration, proliferation and
apoptosis were also evaluated. In human testis, embryonal carcinoma and seminoma
tissues, Hippo pathway proteins were detected as specifically and differentially localized.
In vitro, as the duration and dose of verteporfin treatment increased, the level of the Hippo
pathway proteins decreased, and mRNA levels remained unchanged. We also showed
that Hippo signaling pathway proteins localized in the cell nucleus were translocated to
cytoplasm depending on the increasing dose of verteporfin in TCam-2 cells. Verteporfin
decreased the cell proliferation, migration and cell viability, as well as increased the
apoptosis in TCam-2 human seminoma cells depending on the dose. In conclusion, we
suggest that the Hippo pathway and verteporfin relationship may be a therapeutic target
for seminoma by affecting cell proliferation, viability, migration and apoptosis processes.
Further in vivo and in vitro studies are needed to better understand the underlying
mechanism of seminoma and the role of Hippo pathway to earn new insights on the
seminoma therapies.

Key words: Human testis tissue, Seminoma, TCam-2, Hippo, Verteporfin.
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OZET

Onel, T. (2023). Verteporfinin TCam-2 Insan Seminoma Hiicrelerinde Kanser
Onleyici Etkisinin Belirlenmesi, Yeditepe Universitesi, Saghk Bilimleri Enstitiisii,

Histoloji ve Embryoloji Anabilim Dah, Doktora Tezi, istanbul.

Testis kanseri, geng erkeklerde en sik goriilen kati organ malignitesidir. Hippo sinyal
yolagi, organ boyutu, doku homeostaz1 ve kanser gelisiminde ¢ok énemli rollere sahip,
oldukc¢a korunmus bir sinyal yolagidir. Verteporfin, antikanser tedavisinde 6nemli rollere
sahip bir Hippo sinyal yolagi inhibitoriidiir. Bu ¢alismada, verteporfinin TCam-2 insan
seminoma hiicreleri iizerinde anti-kanser etkisi olabilecegini varsaydik. Bu nedenle
calismanin amaci, farkli doz ve konsantrasyonlarda verteporfin uygulamasimin TCam-2
hiicrelerinde proliferasyon, migrasyon ve apoptoz siirecine etkisinin arastirilmasidir.
Testis, embriyonal karsinom ve seminom dokularinda Hippo sinyal yolagi protein
ekspresyonu, immiinohistokimya ile belirlendi. TCam-2 hiicrelerine, 24, 48 ve 72 saat
boyunca farkli konsantrasyonlarda verteporfin (1, 5, 10, 20 ve 40 uM) uygulandi. Hippo
sinyal yolag1 protein ve mRNA seviyeleri ile bu proteinlerin lokalizasyonu arastirildi.
Verteporfinin hiicre migrasyonu, proliferasyonu ve apoptoz iizerindeki etkisi de
degerlendirildi. Testis, embriyonal karsinom ve seminom dokularinda, Hippo sinyal
yolag1 proteinlerinin diferansiyel olarak lokalize oldugu tespit edildi. /n vitro, verteporfin
tedavisinin siiresi ve dozu arttikga, Hippo sinyal yolagi protein seviyeleri azaldi ve
mRNA seviyeleri degismeden kaldi. TCam-2 hiicrelerinde, ¢ekirdekte lokalize olan
Hippo sinyal yolagi proteinleri, verteporfin dozuna bagli olarak sitoplazmaya yer
degistirmistir. Verteporfin, doza bagli olarak in vitro hiicre proliferasyonu, migrasyonu
ve hiicre canliligin1 azaltmis, apoptozu ise arttirmistir. Sonug olarak, Hippo sinyal yolagi
ve verteporfin iliskisinin, hiicre proliferasyonu, canliligi, gocii ve apoptoz siireglerini
etkileyerek seminoma igin terapdtik bir hedef olabilecegini Oneriyoruz. Seminomun
altinda yatan mekanizmay1 ve Hippo sinyal yolunun tedavideki roliinii daha iyi anlamak
ve seminoma terapileri hakkinda yeni bilgiler edinmek i¢in daha fazla in vivo ve in vitro

seminoma c¢aligsmalarina ihtiyag¢ vardir.

Anahtar kelimeler: insan testis dokusu, Seminoma, TCam-2, Hippo, Verteporfin.
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1. INTRODUCTION AND PURPOSE

The testicles are arranged in two separate sections: the seminiferous tubules,
where germ cells differentiate into mature spermatozoa, and the interstitial space
composed of testosterone-secreting Leydig cells, blood vessels, nerve fibers, and
connective tissue (1). Spermatogenesis is a cellular process in which spermatogonia
transform into mature spermatids within the seminiferous tubules under the regulation of
endocrine factors and structural and nutritional support of Sertoli cells (2). In the testis,
Sertoli cells act as “mother cells” to support and nurture the development of different
germ cell types during spermatogenesis (3) and form the blood-testis barrier, which is a
special junctional complex with neighboring germ cells (4). Testicular cancer is the most
common type of cancer in men aged 15-35 years and accounts for approximately 45% of
all primary testicular tumors (5). Testicular tumors are largely composed of germ cell
tumors, sex cord - stromal tumors, germ cell / sex cord - stromal tumors and various types
of tumors (6). Testicular cancer is one of the most important causes of infertility in male
reproductive life and has increased significantly in the last forty years. Although the exact
cause of testicular cancer has not been determined yet, cryptorchidism, infertility, the
presence of contralateral tumors and some genetic factors are known as associated risk
factors (7).

Hippo signaling pathway is involved in cell-cell contact inhibition, control of
organ size and regulation of cancer development in mammals (8, 9) and it is an
evolutionarily conserved pathway (10). It also plays an important role in the formation
and progression of many different types of cancer in humans (11). The Hippo signaling
pathway consists of Mammalian sterile 20-protein kinase 1 and 2 (MST1/2), large tumor
suppressor homologues 1 and 2 (LATS1/2), Yes-associated protein (YAP1), and its
transcriptional cofactor Two homologs of Drosophila Yki (TAZ) (12). YAPL1 is a central
transcription coactivator that acts as an oncogene in numerous experimental systems (13).
It is involved in cell differentiation, transformation and control of organ size. When the
Hippo signaling pathway is active, YAP/TAZ is transcriptionally active and
phosphorylates YAP/TAZ activity in the cytoplasm. In contrast, when the Hippo pathway
is inactive, YAP/TAZ is transcriptionally active and localizes to the nucleus to regulate

gene expression (14).



Among the germ cell lines that mimic germ cells, TCam-2 is the germ cell line
available that shows the most similarity to human germ cells. TCam-2 cells are known as
suitable for both in vitro and in vivo studies of seminoma pathophysiology (15). This cell
line is derived from human seminoma, a type of testicular germ cell tumor (TGCT), and

represents male germ cells in the early phase of prenatal development (16).

Verteporfin is known as the one of Hippo signaling pathway inhibitors.
Verteporfin (VP) has been used clinically for many years for the treatment of age-related
macular degeneration (AMD) with photodynamic therapy (PDT). However, recent
studies have demonstreated that VP also exerts anti-tumor activities. YAP is a key
effector of the Hippo pathway that is aberrantly expressed in various cancer types and

regulates tumorigenesis and organ size and is also a pro-tumorigenic factor as mentioned.

In the thesis study, we hypothesized that verteporfin may have anti-cancer effect
on TCam-2 human seminoma cells. Therefore, the aim of the study was to investigate the
effect of verteporfin treatment at different doses and concentrations on the proliferation,
migration and apoptosis process in TCam-2 cells. We suggest that the findings obtained
in our study may contribute to the development of new treatment approaches in seminoma
treatment as well as in the process of restoration of testicular functions and preservation

of fertility.



2. LITERATURE REVIEW
2.1. Male Genital System

Male reproductive system in mammals is divided into two groups as internal and
external genitalia. The testes, vas deferens, epididymis and accessory glands (seminal
vesicle and prostate) form the internal genital organs. Epididymis where the spermatozoa
are transmitted and stored (Figure 1) is consists of head (caput), body, tail (cauda). The
spermatozoa formed in the testis enter the head part of the epididymis and pass to the tail
part and are stored there. The part of the canal that transmits spermatozoa after the
epididymis is the vas deferens, starting from the tail of the epididymis and extending
upwards at the posterior edge of the testis (17, 18). During ejaculation, sperm is
transferred from epididymis to the vas deferens, then from vas deferens to the urethra (19-
23). Scrotum and penis are known as the external genitalial organs (Figure 1). Scrotum is
the place where the testis is located, and the penis carries the ejaculate to the vagina. Penis
also excretes the urine from the body. There are sensitive nerve endings that provide
sexual arousal on its surface (20). The main task of these internal and external organs,
which work together but have different functions, is to produce spermatozoa and transport

them to the female reproductive organ (24, 25).
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Figure 1. Components of the male genital system (26).



2.1.1. Testis

The testis is the pair of organs of the male reproductive system where
spermatogenesis and steroidogenesis take place. The testis is surrounded by thick dense
connective tissue called thick tunica albuginea. Fibrous extensions emerging from this
capsule divide the testicular mass into approximately 250 lobules (27). Testes surrounded
by tunica albuginea are located in the scrotum which consists of skin and fibromuscular
tissue. The structure and location of the scrotum is very crucial for the function of testis.
The skin of the scrotum is thin and densely packed with nerve endings. Because of these
nerve endings, it is quite sensitive to heat. The reason why the structure is outside the
body is that sperms need an environment whose temperature is lower than the body
temperature (35 °C) in order to stay alive. The scrotum maintains a balance of temperature
through various physiological mechanisms, such as a cremasteric reflex, a change in
blood flow to the spermatid cord, a fold of the skin and the role of the sweat glands of the
scrotal skin (28, 29).

The testes, accepted as the center of the male reproductive system consist of two
parts, the interstitial tissue and the seminiferous tubules (20). The two ends of each of the
convoluted seminiferous tubule loops open into a network of channels at the head of the
epididymis. The interstitial space contains blood and lymph vessels, fibroblastic support
cells, macrophages, mast cells and Leydig cells. There are Sertoli cells in the seminiferous

tubules of the testes and spermatogenic cells between Sertoli cells (Figure 2).
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Figure 2. Section of human testis. a. This schematic diagram shows of the human testis.
b. Hematoxylin & Eosin (H&E) stained section of the head and body of the epididymis
and testis (13).

Sertoli cells are somatic cells that spread from the basal lamina to the lumen.
Sertoli cells play a critical role in the development of sperm cells, both functionally and

structurally (30, 31). We summarized the functions of Sertoli cells below:

e Sertoli cells express the enzyme CYP19 (aromatase). CYP19 enzyme converts
testosterone secreted from Leydig cells into estradiol.

e Sertoli cells also produce androgen binding proteins (ABP). ABP binds
testosterone and provide high concentration of testosterone level in the testes, which is
very important for spermatogenesis.

e Sertoli cells provide the movement of spermatozoa to the epididymis via
secretions.

e Sertoli cells eliminate the apoptotic spermatogenic cells and residual bodies
through phagocytosis.

e Sertoli cells, which have an important endocrine role, secrete Anti-Miillerian

hormone (AMH) and inhibin hormone.

Sertoli cells are tightly interconnected and create the blood- testis barrier. The
purpose of this tight connection is to prevent passage of the fluid in the lumen of
seminiferous tubule, which is quite different from the plasma in content into the
circulation and prevent formation of immune response in case of passage (20, 30-32).
Sertoli cells express androgen and Follicle Stimulating Hormone (FSH) receptors.
Therefore, all these functions of Sertoli cells mentioned above are organized by the

hormonal (FSH, testosterone) and the paracrine control.

Another specialized cell found in testis are Leydig cells. These cells are located in
the peritubular compartment and through Sertoli cells, Leydig cells supply nutrients to
the seminiferous tubules. Also, they cells form a network with the capillaries and play a
role in the transportation of testosterone to the peripheral circulation (20). Leydig cells
are the source of androgens or testosterone in males. Luteinizing hormone (LH) creates

the receptor stimulation in Leydig cells and testosterone production takes place. LH



secretion supports the growth and proliferation of Leydig cells in the long term (21, 30,
31).

2.1.1.1. Spermatogenesis

Spermatogenesis is the process of the formation of spermatozoa in testes. During
the spermatogenesis the spermatogonia pass through the stages of primary spermatocyte,
secondary spermatocyte and spermatid. It is a very complex and well-organized process
and includes three stages of germ cell development, mitosis (proliferation of
spermatogonia), meiosis (spermatocyte formation and DNA recombination) and
spermiogenesis (spermatid differentiation). Spermatogenesis generates highly specialized

sperms from undifferentiated spermatogonia.

In human, spermatogonial stem cells contain two cell populations as type A dark
and type A pale undifferentiated spermatogonia (Figure 3). Type B1 spermatogonia is
formed through mitotic divisions of type A pale spermatogonia. All mammals are capable
of spermatogenesis, type B/B1l spermatogonia go through mitotic divisions to form
preleptotene spermatocytes, which marks the beginning of meiosis. After the formation
of preleptotene spermatocytes, they enter the prophase of meiosis and differentiate into
pachytene, zygotene, leptotene, and diplotene spermatocytes. During prophase, which is
the longest stage of meiosis, various changes occur like migration, genetic recombination
and chromosome condensation of primary spermatocytes (44+XY) spread the basal
seminiferous tubule to the adluminal compartment. Following the prophase stage, meiosis
is completed rapidly and secondary spermatocytes containing 23 chromosomes (22+X or
22+Y) are formed. As a result of the second meiosis, spermatids are formed (33). During
this differentiation process, the cells are embedded in the cytoplasmic wall of Sertoli cells.
Sertoli cells play different roles in nourishing, protecting and supporting the developing
germ cells along the seminiferous tubules (34). On the other hand, type A dark

spermatogonia form the stem cell population in testes by self-renewal (Figure 3).
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Figure 3. Schematic diagram of spermatogenic cells. This diagram shows the
spermatogenic cell lines, respectively. Cytoplasmic division is seen only in primitive type
A dark spermatogonia, which act as stem cells. All other spermatogenic cells undergo
mitotic and meiotic divisions and undergo the process of differentiation of spermatids.
The cells transform into spermatozoa as they pass through the lumen. Sertoli cells

phagocytize residual bodies in the environment (17).

2.1.1.2. Spermiogenesis

Spermatids undergo a highly differentiated cell process called spermiogenesis.
The final stage of spermatogenesis is spermiogenesis. This process takes place in three

stages;

a. Golgi Phase: The spermatid cytoplasm found at this stage contains the nucleus,
Golgi complex, mitochondria, ribosome, and flat-faced endoplasmic reticulum.

Hydrolytic enzymes are transferred from the Golgi apparatus to the acrosomal vesicle.



The flagellum, which will provide sperm movement in the future, begins to form at this
stage.

b. Acrosomal Phase: The acrosomal granule is spread to cover the nucleus and the

acrosome is formed. The distal centriole forms the flagellum, which consists of pair of
microtubules. Mitochondria, which are necessary for sperm movement, create the middle

part of the sperm.

c. Maturation Phase: After all organelles have taken a certain arrangement, sertoli

cells phagocytized residual bodies. Mature sperm disperse from the lumen of the

seminiferous tubule.

Sperm cells are transferred from the seminiferous tubule lumen by passive
transport, where they are both stored and directed to the epididymis where they will
function functionally. From here, they reach the urethra via the vas deferens. The time
required for the spermatogonia to develop into mature sperm is approximately 64 days.
As shown in Figure 4 the mature sperm consists of two parts as the head and the tail. The
head contains the nucleus surrounded by an acrosome. The nucleus has a flattened dense
structure. The acrosome covers the anterior half of the nucleus. Acrosomal enzymes are
released at the time of fertilization to facilitate sperm entry. The tail is divided into three
parts as the main part, the middle part and the last part. The middle part contains
mitochondria that provide the energy needed for movement.

One of the main changes that occur in the nucleus during spermiogenesis is the
formation of nuclear condensation when somatic histones are replaced by arginine and
lysine-rich protoamines. As a result of these events, transcription ends in the nucleus and

the sperm genomic DNA structure is stabilized and protected (35).
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Figure 4. Schematic diagram of spermiogenesis stages (17).
2.1.1.3. Blood-Testis Barrier

The concept of the blood-tissue barrier was introduced in the early 20th century,
when it was observed that the brain and testis were not completely stained with vital dyes
(36). At the same time, researchers have seen that the content of fluid obtained from
testicular lymph and blood plasma and the content of fluid obtained from the lumen of
the rete testis and seminiferous tubules differ from each other (37, 38). While other barrier
structures in the body, like the Blood-Brain Barrier (BBB) and the Blood-Retina Barrier
(BRB), are composed of tight junctions between capillary endothelial cells and supporting
pericyte and perivascular macrophages, the Blood-Testis Barrier (BTB) composed of
specialized connections between Sertoli cells that sit on the basement membrane only in

the seminiferous tubules (Figure 5). BTB is considered to be the one of the tightest barrier

structures in the body (39, 40).

BTB divides the seminiferous tubule epithelium into two basal and adluminal
compartments (Fig. 5). The most important task of BTB is to prevent certain substances
such as water, ions, electrolytes, paracrine factors, hormones and biological molecules
from reaching the apex between Sertoli cells. Its secondary mission is providing defense
system. It enables spermatocytes that have passed into the adluminal compartment from

the preleptotene stage to complete spermatogenesis in an isolated microenvironment (41).
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In addition to these functions, an environment that may cause male infertility is eliminated

by preventing the entry of anti-sperm antibodies (ASAs) that may occur during

spermiogenesis into this isolated environment (42). Studies have shown that the main

reason for the formation of ASA is permeability in the BTB structure (43). However, it

has been shown to cause ASA formation in mechanical obstructions that may occur as a

result of congenital anomalies, vasectomy or traumas (44, 45). As a result of increased

BTB permeability, ASAs enter the lumen of the seminiferous tubule and are transmitted

to the epididymis and vas deferens via channels. These antibodies bind to sperm and cause

agglutination (46). Besides sperm agglutination (47), ASAs cause inhibition of sperm

migration (48). In addition, since the sperm heads are coated with antibodies, they cannot

bind and penetrate the zona pellucida (49, 50).
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Figure 5. Concept of the blood-testicular barrier (BTB). BTB consists of tight junctions,
desmosome and gap junctions, basal ectoplasmic specialization, and bundles of actin
filaments sandwiched between the endoplasmic reticulum cisterna and the plasma

membranes of two opposing Sertoli cells (51).

BTB consist of 4 types of junctions: ectoplasmic specializations, tight junctions,
gap junctions and desmosomes (41). Desmosomes are the type of junction that connects
cell-cell-intermediate filaments. It contains the integral membrane proteins desmoglein-
2 and desmocollin-2. Gap junctions are an actin-based type of junction and are
responsible for the communication of cells with each other. They are formed by the
combination of connexins. It is found in the testis, especially in the areas where basal and
apical ectoplasmic specializations are located. Ectoplasmic specializations are testis-
specific connections made up of hexagonal actin microfilaments between the
endoplasmic reticulum and the plasma membrane. The tight junctions in the BTB
structure are in the class of integral membrane proteins and are grouped under the three
headings: occludins, claudins and cell adhesion molecules (52). Occludins are involved
in controlling the localization of proteins required for establishing cell polarization and
controlling cell orientation. Claudins (claudin 3, 5, 11) expressed in the BTB structure,
together with occludins, contribute to maintaining the integrity of the BTB. Zonula
occludens-1 (ZO-1) is a found peripheral membrane protein associated with tight junction
proteins. It binds occludin and claudins to the actin skeleton. It colocalizes with

Connexin-43 and regulates the communication between the gap junctions (53).

2.2. Testicular Cancer

Testicular cancer is the most general types of malignancies in men aged between
15 and 35 years (54, 55). Testicular cancer accounts for approximately 1% of tumors seen
in men (56, 57). Currently, more than 80% of testicular cancer patients can be cured. In

patients in the early stage, the cure rate reaches up to 100% (58).

2.2.1. Testicular Cancer Development

Despite extensive research, the etiology of Testicular Germ Cell Tumor (TGCT)
remains unclear. Studies suggest that environmental factors may effect on tumor
development in testicular cancer (59). Moreover, many genetic mutations have been
identified that positively affect TGCT rates in familial and sporadic TGCT cases (60).
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Risk factors identified for TGCT are cryptorchidism, family history of TGCT, Klinefelter
Syndrome, spermatic and testicular dysgenesis, testicular atrophy, inguinal hernia, and
hydrocele (61, 62). Moreover, studies at the genome level have shown a connection
between TGCT and a number of single nucleotide polymorphisms (63, 64).
Environmental factors such as disruptions in androgen hormone secretion, perinatal
characteristics, and lifestyle factors do not have a clear relationship with TGCT (65, 66).
The combined effect of (micro)environmental and (epi)genetic factors is likely to lead to
TGCT (67).

A previous study suggests two different theories which can be linked to the
formation of the testicular cancer. Spermatogonial Cell (SCs) in connection with GCNIS
(Germ Cell Neoplasia in situ) are prepubertal cells whose differentiation processes are
arrested through environmental agents such as antitestosterones, xenoestrogens and/or
genetic anomalies (68). Primordial Germ Cell (PGC) PGC/gonocytes requires a favorable
microenvironment in order to live in the postnatal testes however immature SCs that are
unable to induce germ cells cannot fulfill these requirements. GCNIS can be formed when
PGC/gonocytes fail the differentiation process into prespermatogonia (69, 70). There are
two main theories around this process. First theory debates whether these SCs are
contribute to GCNIS development (Figure 6) or adult cells that differentiate under the
factor of GCNIS and/or the underlying process. There is an ongoing debate and the fact
that adult SCs are talented of differentiation support the second theory. For example,
Keratin18 (KRT18) has been shown to be reexpressed in monkey testis following heat
application (71). According to these two theories, in a co-culture model using SC (FS1)
cells and seminoma cell line TCam-2 alternative to GCNIS, GCNIS-associated SCs were
shown to be secondary differentiated adult cells but not than immature cells that
contribute to GCNIS development. TCam-2 cells co-cultured with FS1 cells reported an
upregulation of genes associated with reprogramming and pluripotency and SRY-Box
Transcription Factor 2 (SOX2) expression, suggesting a possible transition from

seminoma to embryonal carcinoma (EC) (Figure 6)(72).
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Figure 6. Development of Different Types of Testicular Cancer. The arrest of
differentiation in PGC or gonocytes in the prenatal stage leads to the formation of GCNIS
in the seminiferous tubules. After puberty, GCNIS cells may begin to differentiate into
nonseminoma, seminoma, or both. GCNIS originates from corrupted SC. The current
hypothesis proposes that there are prepubertal cells that have been arrested during
differentiation of impaired SCs. These cells are not capable of supporting normal
spermatogonial development, resulting in delays and disruptions in germ cell
differentiation. Furthermore, these SCs are thought to be adult cells differentiating under

the influence of GCNIS and/or the underlying pathological process (72).

2.2.2. Testicular Cancer Types

Germ cell tumors (GCT) account for 95% of testicular cancer (56, 73) and
testicular cancers can be divided into three groups (Figure 7) (74): Type | testicular germ
cell tumors (TGCTs) occur mainly in neonatal and young children, including benign
teratomas and malignant yolk sac tumors (75). Type Il TGCTs most commonly act men
aged 20-40 years, but this tumor type has its origin earlier in fetal development (76). Type
Il TGCT affects men over 50 years of age and is originate from the dissemination of

growing type B spermatogonia (77).
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Type Il TGCT is divided into two main subgroups as seminoma and nonseminoma
(Figure 7). Seminoma constitutes 50% of germ cell tumors and is frequently observed in
the 40s. Nonseminomatous histology (choriocarcinoma, teratoma, yolk sac tumor and
embryonic carcinoma) constitute the remainder of the germ cell tumors and are frequently
encountered in the 30s (78). There are three histological types of seminoma: classical
(85%), anaplastic (5-10%), and spermatocytic (4-6%) (79). Classical seminoma
constitutes 85% of all seminomas and is mostly seen at the age of 40. Anaplastic
seminoma constitutes 10% of seminomas and has a high mitotic rate and its survival rate
is lower than the rate seen in seminoma (55). Spermatocytic seminoma is a rare seminoma
and usually occurs in older men (80). Although these tumors can usually be treated with
orchiectomy alone, many patients also receive radiation therapy as a preventive measure
(81). Its metastatic potential is minimal (82). Nonseminoma tumors consist of yolk sac
tumor, choriocarcinoma teratoma and embryonal carcinoma (Figure 7) (78, 82).
Embryonal carcinoma accounts for 20% of testicular tumors (83). Although these tumors
can be treated with chemotherapy, they are very aggressive and more lethal than
seminomas (84). Choriocarcinoma is rare (84) however it is the most aggressive of germ
cell tumors due to early spread by blood and lymphatic routes (83). Yolk sac tumor
mimics embryonic yolk sac histology. It is the most common tumor in newborns and
infants up to 3 years of age and has a good prognosis (85). Terotamas are tumors that
contain at least 2 or 3 germinal layers. They are the tumors with the least metastatic

potential compared to the other germ cell tumors (54).
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Figure 7. Types of testicular tumors. Testicular cancer types are examined in 3 groups as
seminoma, testicular germ cell tumors and sex cord cell tumors. Testicular germ cell
tumors include testicular intraepithelial neoplasia, embryonal carcinoma, teratoma,
choriocarcinoma, and yolk sac tumor subgroups. Sex cord cell tumors are divided into
two subgroups as leydig and sertoli cell tumors. The figure contains histological images
of all testicular cancer types and subgroups (79).

2.2.3. Testicular Cancer Treatment

For the testicular cancer treatment, tumor markers are very crucial. Because tumor
markers provide information for the identification of small or undetectable malignant
cells and tumor type. There are three tumor markers used in testicular cancer. These are
a-fetoprotein (AFP), a glycoprotein found in large quantities in fetal serum, B-human
chorionic gonadotropin (B-hCG), a hormone produced by the placenta of pregnant women
and not normally found in men, and lactate dehydrogenase, a cellular enzyme normally
found in muscle, liver, kidney, and brain (86). AFP is a marker for nonseminoma,

especially for yolk sac tumor. B-hCG is produced in both seminoma and nonseminoma.
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However, it is at low levels in seminoma (87). Serological measurement of B-hCG and
AFP is used in the monitoring and diagnosis of testicular cancer treatment. AFP is not
produced in pure seminoma or choriocarcinoma. In addition, the enzyme lactate

dehydrogenase is a marker for tumor size (88, 89).

The treatment for testicular cancer it depends on the type and stage of the tumor.
There are three basic treatment methods: surgery, radiotherapy, and chemotherapy. Testes
contains cancerous tissue are removed from the body by surgical method. With
radiotherapy, cancer cells are damaged, and their growth is stopped. Seminomas are very
sensitive to radiation and are also susceptible to cis-platinum-based chemotherapy drugs
(76). After the surgical treatment of seminoma patients, radiotherapy is applied to the
abdominal lymph nodes. However, since nonseminomas are not sensitive to radiation,
chemotherapy is used to treat this type of cancer. Anti-cancer drugs are generally
preferred when the disease metastasized to other parts of the body. These drugs can

sometimes be used to shrink the tumor before surgery (90).

2.2.4. TCam-2 Cell Line

Type 11 germ cell tumors (GCT) are mostly observed in men aged 18-35 years
(92). All type 11 GCTs derivate from a common precursor lesion called GCNIS (92, 93),
suggesting that a defective PGC development might cause these cells. TGCTs are
examined in two groups as non-seminomas and seminomas. Seminomas display a like
epigenetic profiles and gene expressions as primordial germ cells, while the
nonseminomatous EC stem cell population is similar to the malignant embryonic stem
cells. As a result, ECs can differentiate into extra-embryonic tissue-like cells (yolk-sac
tumor, choriocarcinoma) as well as cells that are cabable of making up the three germ
layers (teratomas). Embryonal carcinomas (ECs; stem cell part of non-seminomas) and
seminomas shows significant differences in their histology, epigenetics and gene
expression profiles. While seminomas are like to GCNIS and PGCs, ECs are similar to

the malignant embryonic stem cells (92).

Among the germ cell lines that mimic germ cells, TCam-2 is the germ cell line
available that shows the most similarity to human germ cells. TCam-2 cells are known as

suitable for the studies on seminoma pathophysiology both in vitro and in vivo (15).
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TCam-2 was derived from human seminoma, a type of TGCT, and indicates male
germ cells in the early phase of prenatal development (16). This cell line exhibits a broad
state of aneuploidy, including gain in chromosomes 7p, 8q, 12p, 20 and loss in 9q, 13,
17p, 22 and Y (94, 95).

TCam-2 cells specifically express GCNIS and PGC determinant genes and
determine a typical seminoma/GCNIS morphology (a large nucleus and large round cells
with clear cytoplasm) (94, 96, 97). Like seminomas, TCam-2 cells express some markers
in connection with different stages of PGC development. Seminomas can also transform
into non-seminomas likely yolk-sac tumors, ECs, choriocarcinomas or teratomas (92).
TCam-2 cells have been shown to be reprogrammed to an EC-like cell fate upon
development in a somatic microenvironment such as brain or the murine flank (97, 98).
In one study, molecular analyzes showed that seminoma TCam-2 cells are reprogrammed
to an EC-like cell fate upon an inhibition of the Bone morphogenetic factor (BMP)
signaling pathway triggered by the in vivo (mouse brain or wing) microenvironment.
SOX2, which is activated upon inhibition of BMP that mediates the reprogramming
process, has been identified as the key factor regulating epigenetic factors and
pluripotency reprogramming. In fact, a seminoma cell fate was maintained for
approximately six weeks in vivo when SOX2 was deleted by the CRISPR/Cas9 method
in TCam-2 cells, and only small subpopulations were observed to initiate differentiation

six weeks later in vivo.

Studies from the 1970s have shown that when aggressive cancer cells were placed
in an embryonic microenvironment, they are capable of being reprogramed towards a less
aggressive phenotype (99-102). Another study investigated whether a culture medium
supplemented with 10% Egg White (EW) using the TCam-2 cell line could organize
seminoma cell phenotype and behavior by providing an appropriate morphogenetic
signaling. This substance added to the culture medium has been shown to alter the cell
proliferation rate and cell-substrate complex formation without changing the viability and
proliferation rates of TCam-2 cells. Organization of substrate-cell adhesion is an
important step for the early stages of metastatic process, where small or individual groups

of cancer cells can gain differentiation from the primary tumor (103).

TCam-2 cells share many features with fetal germ cells such as BMP4, activin and

retinoic acid responsiveness, including Transforming growth factorp (TGFp) superfamily
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signaling components (104). Their ability to differentiate in response to BMP4 has been
documented by xenotransplantation studies in mice (105, 106). In literature, there are
different studies which are cunducted with TCam-2 cell line. For instance, TCam-2 cell
line was used for the evaluation of the expression of genes associated with human
gonocyte differentiation (15). In another study on the proliferation and survival of
seminoma cells, TCam-2 cell line was also used (107).

Besides, there are also many studies using the TCam-2 cell line to mimic
seminoma cells. One of these research topics is mechanotransduction. There are many
experimental  studies supporting the importance of cell behavior and
mechanotransduction. In a study, cytoskeletal modifications induced by the acute effect
of microgravity and its autophagic activation in the TCam-2 cell line were investigated
for the first time. Ultimately, TCam-2 cells have been shown to respond rapidly to acute
exposure to microgravity and induce adaptive biological processes like autophagy (108).
In another study, testicular development-related gene 1 (TDRG1), which is highly
expressed in seminoma tissues, was shown to increase the chemoresistance of TCam-2
cells to CDDP by inducing autophagy through the p110p/Rab5/Vps34 (P13-Kinase Class
[11) signaling pathway (109).

TCam-2 cell line also pioneered the elucidation of the function of certain factors.
For instance, high expression of CSELL in various tumor types has been showed in many
studies but there was no reporting on the the clinical importance of CSELL for testicular
cancer. It was shown that CSE1L is significantly overexpressed in seminoma compared
to non-tumor normal testicular tissues. Deletion of the CSELL gene in the seminoma cell
line TCam-2 has been demonstrate to impair cell cycle and cell proliferation. The results
of the studies showed that CSE1L could play a critical role in seminoma tumorigenesis
(110). In another study, leptin (Ob) and leptin receptor (ObR) expression was determined
for the first time in human testicular seminoma and testicular tumors showed a significant
increase in expression levels compared to non-neoplastic testicular tissues. In vitro results
reported that leptin release and Ob expression in TCam-2 cells that are comparable to
seminomas. Moreover, it was stated that the administration of the ObR antagonist peptide

LDFI significantly decreased motility and leptin-induced growth in TCam-2 cells (111).
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2.3. Hippo Signaling Pathway

The Hippo pathway is evolutionarily conserved in humans and mice and was first
demonstrated in Drosophila as a tumor suppressor (112). The core of the Hippo signaling
pathway consists of transcription coactivators, kinase cascade and DNA binding
complexes. Previously, the Hippo signaling pathway was expanded as a complex 30-
component signaling interaction (113). This signaling pathway is organised by a wide
variety of signals, consists of internal cell mechanisms such as cell polarity and cell-cell
contact, cellular energy metabolism, mechanical responses and hormonal signals acting
through the G-protein (114). Moreover, Hippo signaling pathway play a crucial role in
limiting cell proliferation, cell migration, differentiation and tissue growth processes in
developing organs. In addition, dysregulation in the Hippo signaling pathway cause

neoplasia and abnormal cell develop which leads, tumor formation (Figure 8) (115).
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Figure 8. Roles of Hippo signaling pathway. Hippo signaling pathway regulates cell
proliferation, differentiation, growth and death (116).

2.3.1. Hippo Signaling Pathway in Mammals

In mammals, the major element of the Hippo signaling pathway is a kinase
cascade. This kinase cascade includes LATS1/2 (Homolog of Drosophila Wts) that is
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phosphorylated and activated by MST1/2 (homolog of Drosophila Hpo). Two
transcriptional coactivators YAP and transcriptional coactivator with PDZ-binding motif
TAZ (two homologs of Drosophila Yki) are restricted. When activated, YAP and TAZ
interact with each other and create a complex with TEAD (TEA domain family member)
transcription factor and stimulates the expression of many genes involved in cell
proliferation, migration and survival (115). TAO kinases (TAOK1/2/3) can can also
activate the Hippo pathway by phosphorylating the the activation loop of MST1/2 (117,
118). Moreover, MST1/2 can be activated by the autophosphorylation of activation loop
by dimerization (119, 120. Because of this, MST1/2 can be activated by dimerization
without needing any upstream kinases. When MST1/2 is activated, two scaffold proteins,
SAV1, a homolog of Drosophila Sav and MOB1A/B, homolog of Drosophila Mats, are
phosphorylated {Callus, 2006 #45). In the phosphorylation and recruitment of LATS1/2,
these proteins assist MST1/2. T1079 is hydrophobic motif for T1041 and LATS1 is
hydrophobic motif for LATS2 (Figure 9) (121, 122). NF2/Merlin is another crucial
element in this process. By interacting with LATS1/2, LATS1/2 phosphorylation of by
the MST1/2-SAV1 complex is facilitated (122). LATS1/2 is also activated by
autophosphorylation. Then, phoysphorylation of YAP and TAZ leads to inactivation of
them (Figure 10) (123).
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Figure 9. Hippo signaling pathway components (115).
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The Hippo signaling pathway is organised by cell or tissue properties such as
apico-basal polarity, mechanotransduction, cell-cell contact, and contact inhibition. Also,
the Hippo signaling pathway and its components regulate very important processes such
as cell viability, cell proliferation, cell competition, preservation of stem cell
characteristics, regeneration and metastasis (Figure 11) (112). This pathway is conserved
in mammals and has an important role in limiting cancer development. Regulation of the
Hippo signaling pathway therefore presents a potential therapeutic case for treating

cancer, but the targeted pathway needs to be explored in more detail (125).
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Figure 11. Hippo signaling pathway activity responds to and regulates many cellular
features associated with tumorigenesis. In Drosophila melanogaster, the orthologs of
Yorkie Yes-associated protein (YAP) and transcriptional co-activator with PDZ-binding

motif (TAZ) are channels for Hippo pathway regulation and output (126).
2.3.2. Hippo Signaling Pathway in Reproductive System

Few studies have reported different functions of the Hippo signaling pathway in
the male reproductive system. It was found that deletion of YAP and LATS2 were lethal
at embryonic 9.5 and 12.5 days in mice (127, 128), and mice with Taz deletion were
unable to complete their postnatal development (129). In another study, it was suggested
that in male mice with LATS1 deletion, fertility rates were reduced that was accompanied
with reduced luteinizing hormone (LH) secretion (130). Moreover, YAP and TAZ
activity in testicular tissue in mice organise the expression of markers involved in sex
differentiation (131). Also, Hippo signaling pathway proteins were reported to be
expressed in Sertoli cells of Atlantic salmon (132). In another study, Y AP was determined
to be a regulator of cyclic AMP signaling in pubertal and adult rat Sertoli cells (133). In
a study, the knockout of Kindlin-2, an important integrin-binding protein, in Sertoli cells
caused YAP to be phosphorylated by passing into the cytoplasm, resulting in decreased
Sertoli cell proliferation and increased apoptosis. Kindlin-2 inhibits YAP
phosphorylation by LATS1 by isolating the interaction between LATS1 and YAP (134).
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Previous studies have not evaluated the function of the Hippo signaling pathway in
mammalian testicular germ cells, but two relevant studies have offered a critical role for
the Hippo signaling pathway in germ cell development. First study offered that miRNA-
372 and miRNA-373 might play a role in testicular tumorigenesis by inhibiting LATS2
(133). Second one reported high levels of YAP expression in spermatogonia (131),
indicating the role of the Hippo signaling pathway and YAP in the early stages of
spermatogenesis (135). The role of the Hippo signaling pathway in mammalian testicular
germ cells has not been evaluated yet. Although there are some studies on the interaction
between Hippo signaling pathway and male reproductive system in some animals such
as mice, rat or salmon, the role of Hippo signaling pathway on male reproductive system
in humans have not been studied yet except human prostate cancer (136). There is no
study in the literature regarding the evaluation of the proteins of the Hippo signaling

pathway in the human testis.

2.3.3. Hippo Signaling in Human Cancer

The Hippo signaling pathway regulates several cellular features associated with
tumorigenesis and is regulated by different signaling pathways. In different cancer types
it has been shown that the Hippo signaling pathway activity is frequently deregulated
(137). Because Hippo signaling pathway is an evolutionarily conserved pathway in
regulation of tissue develop, it is not surprising that Hippo signaling pathway might be
interacted with the cancer. Uncontrolled cell proliferation is known as a key feature of
neoplasia. It has been shown that mutations in Hippo pathway in flies and mice cause
tumor formation (138). Mutations in Hippo signaling pathway proteins that cause
hyperactivation of YKI in flies or YAP-TAZ in mammalians reason ectopic cell
proliferation (139). YAP hyperactivation or overexpression causes overproliferation in
many tissues, including the skin, liver, heart and gastrointestinal tract (140-142). The
immobility, irreversible cell cycle exit (senescence) is a tumor suppressor program, and

oncogene-induced senescence in cancer cells (143).

Although apoptosis by the Hippo pathway has not yet been demonstrated in
mammals, suppression of the Hippo signaling pathway has been reported to lead to tissue
overgrowth in D. melanogaster (139). This situation is known as central to
carcinogenesis, so it can be said that dysregulation of the Hippo pathway could provide a
strong competitive advantage to the cancer cell and live in tumor tissues. (139). In
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addition, it was stated that Y AP overexpression preserves cell viability both in vivo and
in vitro. YAP overexpression inhibits CD95 (also known as FAS) and necrosis-induced

apoptosis in mouse tumors (144).

There are studies showing the relationship between hippo signaling pathway and
stem cell. For example, expression profiling studies have demonstrated high expression
of both YAP and TEAD transcription factors in various stem cell types (145) and YAP
are usually localized in the stem cell compartment of different tissues (146). Both YAP
and TAZ stimulate the pluripotency character of embryonic stem (ES) cells (147, 148)
and TAZ organizes mesenchymal stem cell differentiation (149). In addition,
overexpression of YAP in the gastrointestinal tract in rodents stimulates the expansion of
progenitor cells (140). It has been reported that YAP and TAZ activity are increased in
basal breast cancers with more stem cell-like characteristics (150). Thus, TAZ and YAP
hyperactivity may increase the tumorigenic potential by enhancing stem cell-like
properties. Since tumor cells are known to share common features with progenitor or stem
cells, the role play by the Hippo signaling pathway in maintaining the stem cell phenotype

actually reveals the relationship of this pathway with cancer (151).

Hippo signaling pathway is also known as the regulator of the cellular
architecture. There are some studies shows that the derangement of tissue architecture is
associated with the solid human tumors and some cancer types. That’s why it is thought

that Hippo signaling pathway might be the underlying factor in this situation (116).

Contact inhibition is another key property which is found in transformed cancer
cells. It is known that the loos of the upstream Hippo signaling pathway protein NF2, or
overexpression of YAP might lead cells to overcome contact inhibition and provoke

tumor formation (152).

Besides, mechanical properties of tumors are known to be linked with their growth
and progression and by this way with cancer formation. Therefore, it is thought that
signaling pathways which are sensitive to the mechanical properties, might modulate the
microenvironment of tumor cells and modulate cancer formation. Hippo signaling
pathway is very important for responding mechanical factors. It has been suggested that
Hippo signaling pathway is the underlying factor of hyperactivation of YAP and TAZ
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that has been determined in human tumors as a consequence of response to the mechanical
cues (153).

The role of Hippo signaling pathway dysregulation in human cancer metastasis
has been also reported in both prostate and breast cancer. It has been shown that YAP and
TAZ activity was increased in high-grade metastatic breast cancer and the expression of
YAP and TAZ inhibitors LATS1 and LATS2 was lower in metastatic prostate cancer
(154).

It is known that regeneration might stimulate carcinogenesis especially in
regenerative organs. Therefore, the relationship between Hippo signaling pathway and
regeneration was also be studied. These studies reported that YAP and TAZ
hyperactivation would trigger cancer formation in chronically regenerated tissues. It
sould be noted that Hippo signaling pathway has important role in regenerative growth of
mammalian epithelial tissues (155). Tissue damage leads to the suppression of the Hippo
signaling pathway. Therefore, YAP and TAZ induce the self-renewal of the progenitor
cells and stimulate tissue repair. In case of a damage in cultured cells, YAP is activated.
Nuclear YAP supports wound healing by directing cell migration and proliferation in
vitro (156). This regenerative feature of Hippo signaling pathway is thought to lead

formation of cancer.

Studies also reported that few germline or somatic mutations were found in Hippo
signaling pathway genes which are widespread in human cancers, compared with those

in other oncogenic signaling pathways (157).

There are many studies reporting the dysregulation of the Hippo signaling
pathway in different human carcinomas such as colorectal, lung, liver, ovarian and

prostate cancers, but no studies on testicular cancer types.

The role of Hippo signaling pathway in cancer and its formation is very crucial as
indicated above. The studies on the underlying mechanism of Hippo signaling pathway
were very necessary and important to suggest new therapies for the treatment of cancer.
For instance, YAP1, an important component of the Hippo signaling pathway, is activated
in various human cancers and acts as an oncogene (158, 159). YAP1 regulates not only
the proliferation of cancer cells, also plays a critical role in cancer treatments like targeted

therapies, radiotherapy, chemotherapy, immunotherapies (160, 161). In a related study,
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the administration of metformin, an anticancer agent, in TCam-2, a seminoma cell line,
and NTERA-2, an embryonal carcinoma cell line, reduced cell proliferation and induced
apoptosis, depending on dose and time, by regulating YAP1 phosphorylation (162).
Therefore, it is thought that some inhibiting factors for Hippo signaling pathway

components might be useful for cancer treatment.

2.3.4. The Role of Verteporfin as Hippo Signaling Pathway Inhibitor

Verteporfin (VP), a benzoporphyrin derivative monoacid ring A, is a
photosensitising drug for photodynamic therapy (PDT) activated by low-intensity,
nonheat-generating light of 689nm wavelength. Activation generates cytotoxic oxygen
free radicals. The specificity and uptake of verteporfin for target cells with a high
expression of low density lipoprotein (LDL) receptors, such as tumour and neovascular
endothelial cells, is enhanced by the use of a liposomal formulation and its rapid uptake
by plasma LDL. Verteporfin therapy (at light doses < 150 J/cm2) selectively damages
neovascular endothelial cells leading to thrombus formation and specific occlusion of
choroidal neovascular vessels in subfoveal lesions in patients with age-related macular
degeneration (AMD). Verteporfin (VP) has been used clinically for many years for the
treatment of age-related macular degeneration (AMD) with photodynamic therapy (PDT).
Verteporfin used for photoactivator therapy is diffused intravenously as a laser over the
entire neovascular lesion. Penetrating into the neovascular lesion, the drug is activated.
Photoactivation selectively eliminates the lesion by generating reactive oxygen species
such as hydroxide radicals and superoxide without damaging the viable retinal tissue
overlying neovascularization. Repeated applications of verteporfin therapy 6 mg/m2
improved or maintained visual acuity in the majority of patients with some classic
subfoveal choroidal neovascularisation (CNV) secondary to AMD at 1 year’s follow-up
in 2 large multicentre, placebocontrolled, double-blind trials. Furthermore, in a subgroup
of these patients with predominantly classic CNV secondary to AMD, there was a
significantly more marked visual acuity (VA) benefit with 67.3% of verteporfin-treated
eyes experiencing less than a 15-letter loss of VA versus 39.3% with placebo treatment.
Multiple applications of verteporfin therapy were well tolerated in patients with subfoveal
CNV secondary to AMD. The most common adverse events were visual disturbances,
injection site reactions, photosensitivity reactions and infusion-related back pain. Also,

verteporfin is known as the one of Hippo signaling pathway inhibitors (163). However,
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recent studies have reported that VP has also a significant anti-tumor effect. YAP is a
central effector of the Hippo signaling pathway, which is aberrantly expressed in various
types of cancer and regulates tumorigenesis and organ size, and is also a pro-tumorigenic
factor as mentioned. Although VP is well-known as photosensitizer and its
photosensitizing properties (PS) effectively function in anti-tumor PDT (Figure 12) (164),
it has been reported that VP also inhibits YAP expression in independent of

photoactivation and suppress autophagy.
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Figure 12. Hippo Signaling Pathway Inhibitor Verteporfin. Dual mechanism by which
decrease of cell proliferation and survival (left) through inhibition of YAP/TAZ-TEAD
complex and induction of cellular apoptosis (right) by light activation causing oxidative
stress (165).

YAP is overactivated in different types of malignancies, and tumor metastasis and
progression represent a poor prognosis. Thus, recent studies suggested YAP as a target in
anti-tumor treatment (166). Besides, The YAP-TEAD complex is a central effector and
thus this complex is also a potential target for cancer therapy. Similarly, VP inhibits cell
proliferation in pancreatic ductal carcinoma (167), non-small cell lung cancer (168),
myxoid liposarcoma (169), and melanoma cells (167, 170) and xenografts in mice.
Helicobacter pylori infection of gastric epithelial cells stimulates nuclear translocation of
YAP, promoting nuclear translocation of YAP. VP was reported to inhibit H. pyroli-
induced invasion, proliferation, and metastasis of gastric cancer cells by inhibiting the
YAP1/TEADA4-Connective Tissue Growth Factor (CTGF) axis of the pathway (171, 172).
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Pharmacological inhibition of YAP/TAZ in endothelial cells by verteporfin reduced the
growth of melanomas (173). Similarly, it was demonstrated that verteporfin
administration in dose- and time-dependent forms suppressed tumor formation by
inhibiting human pancreatic ductal adenocarcinoma cell proliferation in G1 phase and
inducing apoptosis (167). In another study, dose-dependent administration of verteporfin
inhibited bladder cancer cell growth (174).

Besides direct inhibiting effect of VP on YAP and YAP1/TEADA4 complex, it has
been suggested that VP might regulate Hippo-YAP Cross-Signaling. It has been shown
that VP inhibits YAP and TAZ in endometrial cancer cells and downregulates GAB2-
dependent PI3K/AKT and p-mTOR and target genes p-4EBP1 and p-S6 in liver and
endometrial cancer cells and reduces growth. xenografts. In another study, it was reported
that VP increased the effect of metformin on YAP in lung cancer cells (175). VP
suppresses NRAS, KRAS and HRAS transcription by inhibiting YAP-TEAD, which
reduces cell proliferation and significantly delays xenograft growth in mouse thyroid
cancer cells (176). VP also inhibits proliferation of osteosarcoma (U-20S) and
mesothelioma (211H, H2052) cell lines by affecting YAP and its target genes (177, 178).
Inhibits non-photoactivated VP, YAP, FGF1 and FGF2 and reduces proliferation of

LATS knockout ovarian cancer cells, induces apoptosis (179).

In the thesis study, we hypothesize that Hippo signaling pathway proteins may be
among important markers for testicular cancer. Based on this, we aim to show the
expression of Hippo signaling pathway proteins in human testis, seminoma and non-
seminoma testicular tissues and to determine the relationship between this basic
mechanism and testicular cancer and Hippo signaling pathway proteins. Also, we
hypothesized that verteporfin therapy in vitro as well as in vivo experiments may be
beneficial in the treatment of testicular cancer. In this thesis, our aim was to investigate
the expression pattern of Hippo signaling pathway proteins in the TCam-2 cell line after
verteporfin treatment. We aim to contribute to the development of potential treatment
approaches for seminoma patients in the process of restoring testicular functions and

preserving fertility.
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3. MATERIAL and METHODS
3.1. Human Sample Groups and Design

Germ cell tumors according to the current 2016 WHO classification; it is classified
as seminoma and non-seminoma tumors, including embryonal carcinoma, yolk sac tumor,

or post-pubertal teratoma, trophoblastic tumor (180).

Seminomas consist of germ cells that are transformed into distinct cells during
their development into mature gonocytes or their differentiation into a particular cell
lineage. Non-seminoma tumors have the potential to differentiate into a variety of
somatic, extraembryonic and embryonic tissues (Figure 1), their differentiation potential

can often be limited and sometimes they arrest at certain stages (181).

TESTICULAR TUMORS
GERM CELL STROMAL ‘ TESTICULAR GERM
NEOPLASIA IN SITU TUMORS CELL TUMORS
LEYDIG SERTOLI
GELL TUMORS CELL TUMORS SEMINOMA NON-SEMINOMA

Figure 13. Testicular tumor classification. Testicular cancer types are summarized in
the figure. We can divide them into two groups: stromal tumors (Sertoli cell and Leydig
cell tumors) and germ cell tumors with their common source, germ cell neoplasia in situ
(GCNIS).

In our study, 11 normal, 24 seminoma and 11 non-seminoma testicular blocks taken in

the last 4 years. Inclusion criteria of the patients in our study;

- For normal patients: Absence of tumor and in situ germ cell neoplasia,

continuation of spermatogenesis.

- For seminoma patients: Histological subtyping, diagnosis of pure seminoma, and

availability of paraffin blocks.
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- For non-seminoma patients: Histological subtyping, diagnosis of pure
embryonal carcinoma or mixed germ cell tumor containing at least 40% embryonal

carcinoma component, and availability of paraffin blocks.

The criteria for not including the patients in our study are; Tru-cut or incisional
biopsy, History of neoadjuvant and/or palliative chemotherapy, Infarction and Orchitis.

3.1.1. Morphological Evaluation

In our study, control (n=11), seminoma (n=24) and non-seminoma (n=11)
testicular blocks taken in the last four years were used. For the histological analyses of
all experimental groups, paraffin sections of 5 pm thickness were taken from the paraffin-
embedded tissues to the grounded straight microscope slide using a microtome, and

Hematoxylin & Eosin (H&E) staining was applied to these sections.

3.1.1.1. Hematoxylin and Eosin Staining

Sections were stained with hematoxylin and eosin for morphological analysis. All
the sections were incubated for 40 min at 60°C to remove paraffin and for two times for
20 min left in xylene for complete removal of paraffin. Then sections were rehydrated by
decreasing alcohol series for 10 min for each (100%, 96%, 90%, 80% and 70%). After
rehydration, sections were washed with distilled water and stained with hematoxylin
(Gill’s hematoxylin No.3, Bio-Optica, 05-06015/L) for 2 min. Then, the sections were
washed in running tap water. Eosin (Eosin Y Alcoholic Solution, Bio-Optica, 05-
10003/L) staining was performed for 1 min. Sections were washed with distilled water
for 2 min. Sections were dehydrated with increasing alcohol series and cleared with
xylene for 40 min. Finally, the sections were covered with coverslip using xylene-based
mounting medium (Bio Mount HM, Bio-Optica, 05-BMHMS500) examination was
performed by using light microscope (Leica CTR 6000).

3.1.2. Immunohistochemistry Staining

Immunohistochemistry staining of paraffin sections of 5 pm thickness taken on a
poly-lysine-coated slide (Poly-Lysine, Thermo Fisher Scientific, 165014) to determine
the localization of MST1/2, LATS1/2, YAP1, TEAD4, p-MST1/2, p-LATS1/2, p-YAP1
and ZO-1 proteins.

All slides were deparaffinized in the incubator (60°C) for 1 hour. To be able to

remove paraffin from the sections, they were cleared with xylene for 2 times for 20
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minutes. Sections were rehydrated by decreasing alcohol series (100%, 90%, 80% and
70%) in order to remove xylene. Sections were washed by distilled water for 5 min then
by PBS (Phosphate Buffer Saline, pH:7.2-7.4) for 5 min. For antigen retrieval, sections
were heated in microwave (around 600 Watts) in Citrate buffer (LOmM, pH 6.0) prepared
by dissolving sodium citrate tribasic dihydrate (Sodium Citrate Tribasic Dihydrate, Sigma
Aldrich, 6132-04-3) in distilled water, followed by about 5 min low watt (300 Watt).
After the sections were heated in microwave, they were left in room temperature to cool
down and this process was repeated two times more. Then sections were cool down at the
room temperature for 20 min. Then a circle was drawn around the tissues on the slides
with a hydrophobic barrier pen and slides were washed with PBS for 3 times 5 min. For
blocking endogenous peroxidase enzymes, sections were incubated with 3% hydrogen
peroxide (prepared in methanol) for 10 min. Sections were washed with distilled water
for 2 times for 5 min, then with PBS for 2 times for 5 min. 2.5% Normal Horse Serum
(Vector Laboratories, 30022) was used for blocking and the sections were incubated with
Normal Horse Serum for 1h at room temperature. After removal of blocking solution,
sections were not washed, and they were incubated with the primary antibodies MST1/2
Polyclonal Antibody in 1:100 (MST1/2 Polyclonal Antibody, Invitrogen, PA5-36100),
LATS1/2 Polyclonal Antibody in 1:100 (LATS1/2 Polyclonal Antibody, Bioss,
bs4081R), YAP1 Polyclonal Antibody in 1:100 (YAP1 Polyclonal Antibody, Cell
Signaling, 14074), TEAD4 Polyclonal Antibody in 1:100 (TEAD4 Polyclonal Antibody,
Invitrogen, PA5-21977), p-MST1/2 Polyclonal Antibody in 1:100 (p-MST1/2 Polyclonal
Antibody, Bioss, bs3294R), p-LATS1/2 Polyclonal Antibody in 1:100 (p-LATS1/2
Polyclonal Antibody, Invitrogen, PA5-37834), p-YAP1 Polyclonal Antibody in 1:100 (p-
YAP1 Polyclonal Antibody, Abcam, ab62751), ZO-1Polyclonal antibody (ZO-1
Polyclonal antibody, Invitrogen, 61-7300) which were prepared in PBS solution at 4°C
for overnight. After the incubation with primary antibodies, sections were washed with
PBS for 3 times for 5 min and then incubated with biotinylated pan-specific secondary
antibody (Vector Laboratories, 30144) for 1.5h at room temperature. Sections were
washed with PBS for 3 times for 5 min and then incubated with streptavidin/peroxidase
complex (Vector Laboratories, 30143) for 1,5h at room incubated at room temperature.
After slides were washed with PPS for 3 times for 5 min, slides were incubated with the
mix of DAB and DAB substrate 1:20 (UltraVision Detection System Large Volume DAB
Substrate System (RTU), Thermo Fisher Scientific HD16378). Sections were washed
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with PBS for 3 times for 5 minutes. Counterstaining was performed with hematoxylin
(Gill’s hematoxylin No.3, Bio-Optica, 05-06015/L) and counterstaining slides were
washed with tap water. Sections were dehydrated by increasing alcohol series (70%, 80%,
90% and 100%). Then they were cleared with xylene for 2 times for 20 min. The sections
were covered with coverslip using xylene-based mounting medium (Bio Mount HM, Bio-
Optica, 05-BMHM500) and examination was performed by using light microscope (Leica
CTR 6000). Three different patient tissues were used in the analyzes done according to
the staining densities. In these tissues, 100 cell type-specific cell counts were made in
different areas. Cell count according to staining intensities was performed by two
individuals independently of each other. Analyzes were used in GraphPad Prism Version
8.0 (GraphPad Software, USA).

3.2. TCam-2 Cell Culture Studies
3.2.1. Experimental Overview

The human TCam-2 cell line was produced primarily from a testicular tumor
sample of pure classical seminoma. The TCam-2 cell line was retrieved from Prof. Dr.
Hubert Schorle (Department of Developmental Pathology and Institute of Molecular
Diagnostic Pathology, Faculty of Medicine, Germany, Bonn). TCam-2 cells were
cultured in RPMI medium; supplemented with 10% fetal bovine serum (FBS) with 100
IU penicillin and 0.1 mg streptomycin. Trypsin-EDTA solution (with /phenol red, 0.25%)
was used for detaching cells. TCam-2 cells used in this study were between 8th and 10th
passages. Cells were incubated at 37°C and 5% CO.. Verteporfin, an inhibitor of the
YAP-TEAD complexes, was administered to cultured TCam-2 cells. The adhesion rate
and morphology of the cells were checked every 24 hours. Also, medium of cells was
changed every two days until density of cells reached 70%. Then verteporfin treatment
were applied when the rate of cell density and healthy cells reached 70%. For flow
cytometric, wound-healing strength, cell counting, gRT-PCR analysis and western
blotting, cells were seeded as 500.000 cells per well into 6-well test plates as triplicates.
For confocal microscopy, cells were seeded on Millicell® EZ Slides (Merck Millipore,
USA) as 50.000 cell per well. Verteporfin treatment was applied in five different doses
which were 1 uM, 5 uM, 10 uM, 20 uM and 40 uM and cells were cultured for 24, 48
and 72 hours (182). There were no verteporfin treatment for control group and they were

cultured same time period with treatment groups. After an additional 24, 48 and 72 hours,
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cells were detached with tyrpsin-EDTA. For flow cytometric analyses, cells were washed
twice with Dulbecco’s phosphate buffered saline solution (DPBS). Dose-dependent
viability, early-late apoptosis and necrosis ratios 24, 48 and 72 hours were analyzed by
Annexin V/propidium iodide (PI) staining. For western blotting, protein extraction was
performed. Dose-dependent protein expression levels of MST1/2, LATS1/2, YAP1,
TEADA4, p-MST1/2, p-LATS1/2, p-YAPL1 for 24, 48 and 72 h were analyzed by western
blot assay. For qRT-PCR, RNA isolation was performed and dose-dependent mRNA
expression levels of MST1, MST2, LATS1, LATS2, YAP1, TEAD4 for 24, 48 and 72 hours
were analyzed. MST1/2, LATS1/2, YAP1, TEAD4, p-MST1/2, p-LATS1/2, p-YAP1
protein localization was performed in TCam-2 cells under confocal microscopy with
immunofluorescence staining (IF). Dose-dependent migration ratios 24, 48 and 72 h were
analyzed by wound-healing assay. Dose-dependent cell counting ratios 24, 48 and 72 h
were evaluated by an automated cell counter. General outline of TCam-2 cell culture and

post procedures were shown below in Figure 14.

Verteporfin 24h /48h / 72h
em = =
R 1M 10pM 40pM
& @
= Em m
&
oS ?
Control 5uM 20pM
r\\ S Nec { ? :.. » Apt:::‘
— \—1’;_ = [
< o G . (3
< ﬂ x e €)% el
,—-. \_—/’ cells 1N .: Apoptotic
Western Blot Immunoflourence g-RT-PCR Wound-Healing oy e
staining Assay
_— Flow Cytometry
MST1/2, p-MST1/2, MST1/2, p-MST1/2, MST1, MST2, Migration Viabily,
LATS1/2, p-LATS1/2, LATS1/2, p-LATS1/2, LATS1, LATS 2, Apoptosis,
YAP1, YAP1, YAP1, TEAD4 Necrosis
p-YAP1, TEAD4 p-YAP1, TEAD4

Figure 14. General outline of TCam-2 human seminoma cell culture and post procedures.

3.2.2. Cell Counting Assay

15 pL of sample mixture and 15uL of trypan blue solution (Trypan blue stain 0.4%,
Invitrogen by Thermo Fischer Scientific, 1948601) were mixed. Then, 15 uL from this
mixture was transferred onto cell counting chamber slide (Countess™ Cell Counting Chamber
Slides, Invitrogen by Thermo Fischer Scientific, C10228) and live cells were counted by an
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automated cell counter (CountessTM Il FL Automated Cell Counter, Invitrogen by Thermo
Fischer Scientific, AMQAF1000). Then, live, dead and total cell number was calculated by

applying necessary calculations.
3.2.3. Western Blotting

All growth medium in wells was removed and 1ml of 1X trypsin was added into
each well. Cells were incubated in trypsin for 3 minutes and 1ml of RPMI was added into
each well. Each well was stripped by cell scraper and samples were transferred into
different falcon tubes. Then, 500 puL of 0.25% trypsin was added into each well and
controlled under the light microscope. After 5 minutes, 500 uL. of RPMI was added into
each well and each well was stripped again by cell scraper. Samples were transferred into
same falcon tubes and centrifugation was applied for 10 minutes at 4000 rpm. Then,
supernatant was removed and 1 ml of RPMI was added into each falcon tube. Samples
were transferred into eppendorf tubes. Centrifugation was applied for 6 minutes at 10,000
rpm. Supernatant was removed and 200 uL of complete RIPA (194 uL RIPA lysis buffer,
2 uL sodium ortho-vanadate, 2 pL protein inhibitor cocktail (PIC), and 2 puL
phenylmethylsulphonyl fluoride (PMSF) (RIPA Lysis Buffer System, SantaCruz
Biotechnology, sc-24948A) was added into each eppendorf tube. Then samples were
stored at -20°C.

Samples were resuspended and incubated on the ice for 5 minutes. Then,
centrifugation was applied at 14,800 rpm for 15 minutes. Supernatants were collected into
new sterile eppendorf tubes and stored at -80°C. Protein concentrations were determined
by Pierce bicinchoninic acid (BCA) assay Kit (BCA Protein Assay Kit, Thermo Fisher
Scientific, 23225).

After the total protein concentrations was determined, samples were equalized
with distilled water, 5 uL LDS sample buffer (NUPAGE LDS Sample Buffer (4X),
Invitrogen, NP0007) and 2 uL reducing agent (NUPAGE Sample Reducing Agent (10X),
Invitrogen (10X), NP0O009). Then, each sample mixture was heated at 95°C for 5 minutes
by using Thermal Cycler.

Tape which was on the gel was removed. Then, casette including gel was washed
by distilled water. Gel was put into the tank which was filled with running buffer
including 950 mL distilled water and 50 mL running buffer (NUPAGE MES SDS
Running Buffer (20X), Novex, NP0002). Firstly, all wells were washed by running
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buffer. Then, 8 uL ladder and all samples were loaded into the wells respectively. Then,
gel was run at 100-120V and 80W for 2 h.

After gel electrophoresis was completed, cassette including gel removed from the
tank. Then, cassette was washed with distilled water. Filter papers were placed into
transfer buffer including 3 g Tris (Tris(hydroxymethyl)aminomethane, Thermo Fisher
Scientific, 17926), 14.3 gr glycine (Glycine fiir die Molekularbiologie, BioFroxx, 56-40-
6), 200 mL methanol and 800 mL distilled water. Also, membrane was activated by
methanol for 20 minutes. Then, sandwich model was prepared from bottom to top as two
filter papers, membrane, gel and two filter papers respectively. This model was
transferred into the tank including transfer buffer. Wet transfer was conducted at 15V and
+4°C for overnight. After transfer, membrane was removed from the tank and washed
with TBS-T before proceeding. Blocking solution was prepared with 10ml TBS-T and
0.5 g milk powder. Membrane was blocked in 5% milk powder solution at room
temperature for 1 h.

3.2.3.1. Antibodies and Probing

After blocking solution was removed, membrane was incubated with primary
antibodies at +4°C overnight. Primary antibodies were diluted in 5% blocking solution.
Primary antibodies were MST1/2 Polyclonal Antibody in 1:1000 (MST1/2 Rabbit
Polyclonal Antibody, Invitrogen, PA5-103144), LATS1/2 Polyclonal Antibody in 1:1000
(LATS1/2 Rabbit Polyclonal Antibody, Bioss, bs4081R), YAP1 Polyclonal Antibody in
1:1000 (YAP1 Rabbit Polyclonal Antibody, Cell Signaling, #14074), TEAD4 Polyclonal
Antibody in 1:1000 (TEAD4 Rabbit Polyclonal Antibody, Invitrogen, PA5-21977), p-
MST1/2 Polyclonal Antibody in 1:1000 (p-MST1/2 Rabbit Polyclonal Antibody, Bioss,
bs3294R), p-LATS1/2 Polyclonal Antibody in 1:1000 (p-LATS1/2 Rabbit Polyclonal
Antibody, Cell Signaling, #9157), p-YAP1 Polyclonal Antibody in 1:1000 (p-YAP1
Rabbit Polyclonal Antibody, Abcam, ab62751). Also, B-actin (B-actin (H10D10), Mouse
Monoclonal Antibody, Cell Signaling, #3700) was prepared in 1:1000 as an internal
control. After primary antibody incubation was completed, membrane was washed by
TBS-T for 5 minutes for 3 times.
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Table 1. List of primary antibodies for western blot analysis.

Antibody Isotype Catalog Number Dilution

MST1/2 Rabbit Polyclonal  Invitrogen, PA5-103144  1:1000
p-MST1/2  Rabbit Polyclonal Bioss, bs3294R 1:1000
LATS1/2 Rabbit Polyclonal Bioss, bs4081R 1:1000
p-LATS1/2  Rabbit Polyclonal Cell Signaling, #9157 1:1000
YAP1 Rabbit Polyclonal Cell Signaling, #14074 1:1000
p-YAP1 Rabbit Polyclonal Abcam, ab62751 1:1000

TEAD4 Rabbit Polyclonal Invitrogen, PA5-21977 1:1000

B-actin Mouse Monoclonal Cell Signaling, #3700 1:1000

The membranes were incubated with the appropriate secondary antibodies for 2
hours at room temperature. Anti-rabbit secondary antibody (Anti-rabbit IgG, HRP-linked
Antibody, Cell Signaling, #7074S) was prepared in 1:5000 dilution rate. Anti-mouse
secondary antibody (ECL Mouse IgG, HRP-linked Antibody, Amersham, #NA931V) in
1:5000 was prepared in 5% milk powder and used for -actin. After secondary antibody

incubation was completed, membrane was washed by TBS-T for 6 times for 5 minutes.
3.2.3.2. Chemiluminescent detection and analysis

Mixture of ECL substrate and ECL (Pierce ECL Western Blotting Substrate,
Thermo Fisher Scientific, 32106) in 1:1 was used for one membrane. ECL mixture was
added on top of the membrane drop by drop and ChemiDoc™ MP Imaging System (170-

8280) was use for gel imaging. ImagelLab software was used for further analyses.
3.2.4. Immunofluorescence Staining

Localization of Hippo signaling pathway proteins in TCam-2 cells was visualized
by confocal microscopy. Cells seeded on 8-well microscopy slides were treated with

respective verteporfin doses of the compounds and incubated 24, 48 and 72 hours. Cells
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were fixed by incubating cells witin 4% PFA solution prepared in PBS for 30 minutes,
washed with PBS in three times for 5 minutes. Then, the cells were permeabilized with
0.1% Triton-X-100 in PBS for 30 minutes at +4°C and blocked with 5% bovine serum
albumin with 0.05% Triton-X-100 prepared in PBS for 1 hour. Cells were then incubated
with the MST1/2 (1:100; MST1/2 Polyclonal Antibody, Invitrogen, PA5-103144),
LATS1/2 Polyclonal Antibody (1:100; LATS1/2 Polyclonal Antibody, Bioss, bs4081R),
YAPL (1:100; YAP1 Polyclonal Antibody, Cell Signaling, 14074), TEAD4 (1:100;
TEAD4 Polyclonal Antibody, Invitrogen, PA5-21977), p-MST1/2 (1:100; p-MST1/2
Polyclonal Antibody, Bioss, bs3294R), p-LATS1/2 (1:100; p-LATS1/2 Polyclonal
Antibody, Invitrogen, PA5-37834), p-YAP1 (1:100; p-YAP1 Polyclonal Antibody,
Abcam, ab62751) which were prepared in 1% bovine serum albumin with 0.05% Triton-
X-100 in PBS at +4°C for overnight. Then the cells were washed with PBS for 5 minutes
for 3 times and incubated with second secondary antibody (Alexa flour-488 goat anti-
rabbit 1gG) for 1.5 hours at room temperature. Coverslips were washed with PBS for 5
minutes for 3 times. Then, slides were mounted with DAPI (Fluoroshield with DAPI,
Sigma-Aldrich, F6057) for nucleus staining, the observation was performed by using

confocal microscopy (Zeiss, LSM780).
3.2.5. Quantitative Real Time Polymerase Chain Reaction (QRT-PCR)
3.2.5.1. RNA Isolation

gRT-PCR method was applied to show the mRNA levels of Hippo signaling
pathway proteins. For the gRT-PCR method, 300 pL of lysis buffer was added to the
TCam-2 cells to be collected.

Columns were washed with 100 uL of activation buffer for 30 second and
centrifuged at 10,000xG. Add 300 uL of isopropanol to the eppendorf containing the
sample supernatant and vortex. After the activation buffer settled to the bottom of the
colon of eppendorf is emptied (eppendorf under the colon), the samples to which iso-
propanol is added was transferred to the colon of eppendorf and 30 second. It was
centrifuged at 10,000 g. Eppendorf remaining under the colon was emptied, sample RNAs
were remain in the colon at this stage. Colons containing RNA was washed with 700 puL
of primary buffer washing solution, 30 second. It was centrifuged at 10,000xG. The
eppendorf located under the colon was emptied. 700 ul of secondary buffer washing

solution was added on the colon and wait for 30 seconds. It was centrifuged at 10,000 g.
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The tube under the colon was emptied. The colon portion was transferred to a new
autoclaved tube. On the colon, 40 ul of elution buffer was transferred to the center of the
colon and placed on the colon for 3 minutes. was incubated at room temperature for 2
minutes. It was centrifuged at 10,000 g. RNAs were collected in the lower ependorf and

the upper colon was be discarded. Sample RNAs was stored at -20°C.
3.2.5.2. cDNA Synthesis

RNA measurement was made optionally from the separated RNAs, a
determined/calculated amount of RNA-template, 0.5 uLOIligo-DT and water mixture
were prepared. 5-10 min at 70°C. were subjected to the heating process (denaturation
process). First stage used in preparation and DNA amplification volumes are indicated in
Table 2.

Table 2. cDNA synthesis reaction contents.

Content Volume (nL)

SCRIPT RT Buffer 4
dNTP Mix 1
DTT Stock Solution 1
RNase inhibitor 1

SCRIPT Reverse

Transcriptase

0.5

RNase-free Water 25

Total 10 pl mix

10 pL of the mix solution obtained as a result of this process was mixed with 10
uL of sample RNA. It was inserted into the PCR device by entering the appropriate
program information (45 minutes at 50°C, 10 minutes at 42°C). After the cDNA synthesis
process is completed, the samples were stored at -20°C.

The gRT-PCR reaction was prepared according to the manufacturer’s instruction.
The reaction volumes are given in Table 3. The reaction cycles are given in Table 4. The

primer sequences used in the reactions are given in Table 5.
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Table 3. gRT-PCR reaction contents.

Maxima SYBR Green gPCR Master Mix (2x) 10 ul

PCR Grade Water 7.8 ul

Forward Primer 0.6 ul

Reverse Primer 0.6 ul

Template DNA 1 ul

Table 4. gRT-PCR reaction protocol.
) Number of
Step Temperature (Duration (sec))
Cycles
Initial Denaturation 95°C (30) 1
Denaturation 95°C (15)
Annealing 53°C (20)
45

Extension 60°C (20)

Table 5. Primer sequences used in qRT-PCR.

Transcript Primer

Sequence (5°-3")

Forward CCTCCCACATTCCGAAAACCA
MST1
Reverse GCACTCCTGACAAATGGGTG
(Xu et al., 2013)(183)
MST2 Forward GCACTCCTGACAAATGGGTG
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Reverse CCTCCCACATTCCGAAAACCA

(Xu et al., 2013)(183)

Forward GTTAAGGGGAGAGCCAGGTCCTT
LATS1
Reverse TCAAGGAAGTCCCCAGGACTGT
(Najafi et al., 2016)(184)
Forward ACTTTTCCTGCCACGACTTATTC
LATS2
Reverse GATGGCTGTTTTAACCCCTCA
(Najafi et al., 2016)(184)
Forward CGCTCTTCAACGCCGTCA
YAP1
Reverse AGTACTGGCCTGTCGGGAGT
(Liu et al., 2013)(185)
Forward GGACACTACTCTTACCGCATCC
TEADA4 TCAAAGACATAGGCAATGCACA
Reverse
(Zhang et al., 2019)(186)
Forward ATAGCACAGCCTGGATAGCAACGTAC
B-ACTIN
Reverse CACCTTCTACAATGAGCTGCGTGTG

(Liu et al., 2013)(185)




3.2.6. Wound-Healing Scratch Assay

A total of 50.000 cells per well were seeded on six-well plates and let attached
overnight. After overnight attachment, a straight line was created by scratching with a
100 uL pipette tip. Then the medium was removed, fresh medium with respective drug
concentrations were added and images were obtained for t=0 h. The migration/healing
was determined for 48 and 72 hours by obtaining microscopy images of the same area
(Axiovert 135; Carl Zeiss Microscopy). Migration/wound healing was determined as
previously described by using Image J/Fiji® (NIH, USA) and the percent healing against

the control group was determined (187).
3.2.7. Flow Cytometry

Early-late apoptosis, necrosis and viability were evaluated with Annexin
V/propidium iodide staining, which is considered as the gold standard for apoptosis
detection (188). Annexin V binds to phosphatidylserine (PS) residues which mainly
located in the inner leaflet of the cellular membrane. PS residues translocate to the outer
leaflet of the cellular membrane upon induction of apoptosis, enabling Annexin V to bind
and label early apoptotic cells. Annexin V can also enter cells with compromised
membranes and binds PS located at the inner leaflet, labelling cells during the last
apoptotic stages. Propidium iodide (PI) which is a cell impermeable DNA intercalating
agent that is used for discriminating apoptotic cells from living and necrotic cells (189).
In this study, cells were seeded into six-well plates as 50.000 cell per well and incubated
for overnight for attachment. Cells were then treated with verteporfin at respective doses
for 24, 48 and 72 hours. For Annexin V/PI staining, cells were detached by trypsinization,
washed twice with DPBS (Thermo Fisher Scientific, #14190144) and then suspended in
Annexin V Binding Buffer (BioVision Inc.) followed by staining with Annexin V-FITC
reagent (1pul/1x10° cells) (Biovision Inc.) and 1 puL Propidium lodide (PI) solution (0.25
ng/1x10° cells) (Thermo Fisher Scientific, #P3566, at 250 ug/mL in DPBS) by incubating
for 10 minutes under dark conditions at room temperature. A total of 2.5 x 10* cells per
test were read with DxFLEX (Beckman Coulter Inc.) and analyzed by CytExpert software

20. All experiments were performed as triplicates.
3.2.8. Statistical Analysis

GraphPad Prism Version 8.0 (GraphPad Software, USA) was used for statistical

analysis. Two-way analysis of variance (ANOVA) followed by Tukey's multiple
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comparison test, western blot, qRT-PCR, proliferation, and flow cytometry experiments
were compared using two-way ANOVA for the effects of treatment within cell lines
compared to respective controls. P values less than 0.05 were considered statistically

significant.
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4. RESULTS

4.1. Morphological Evaluation of Experimental Groups by Hematoxylin-Eosin
(H&E) Staining

Human testis (190), embryonal carcinoma (191) and seminoma (192) tissues were
selected morphologically in accordance with the literature. Morphological evaluation
with Hematoxylin-Eosin staining was performed to seminoma, embryonal carcinoma,

and control group testicular tissues.

In sections taken from human testicular tissue, seminiferous tubules, Leydig cells
and seminiferous tubule basement membrane were observed in normal structure.
Interstitial connective tissue was observed in regular morphology (Figure 15A, A’, A”’,
asterix). It was observed that the seminiferous tubules were lined with stratified cuboidal
epithelium, and the tubule wall was composed of spermatogenic cell lines and Sertoli
cells. Sertoli cells were distinguished by their characteristic nuclei shape (pyramid) that
stained pale. Many spermatogenic series cells (Figure 15A, A’, A’’, round dot) with
normal morphology were observed, located between the lateral folds of Sertoli cells
resting on the basal lamina. Spermatogonia with oval-shaped nuclei were observed close
to the basal lamina. Primary spermatocytes were distinguished by their larger voluminous
nuclei due to having 4n DNA just above the spermatogonia. Depending on the
developmental stages, secondary spermatocytes and spermatids were seen in higher
ranks. Early spermatids were distinguished by their cap-shaped acrosome structure sitting
on the nucleus, and late spermatids that would turn into spermatozoa with their tails
extending into the lumen and dark long heads. Sperm were found in many seminiferous
tubule lumens (Figure 15A, A’, A™’).

Seminiferous tubule degeneration, reduction in tubule diameters and tubular
atrophy were observed in sections taken from embryonal carcinoma (non-seminoma)
tissues. Carcinoma cells in the tubules have prominent nuclei, large vesicular nuclei and
extensive cytoplasm (Figure 15B, B’, B’”). The cell borders were indistinct and showed
agglomerations. Numerous carcinoma cells were found in the intertubular space (Figure
14B, B’, B”’, asterix). At the same time, glandular and tubular structures are observed in

carcinoma areas (Figure 15B, B’, B”).

In sections taken from seminoma testicular tissues, seminiferous tubule

degeneration and tubular atrophy, which is remarkable with the decrease in tubule
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diameters, were clearly observed. Large, neoplastic seminoma cells were seen (Figure
15C, C’, C’). An increase in the number of blood vessels in the interstitial area was
observed. Although the distance between the seminiferous tubules was not very wide,
infiltration of lenfocyte cells towards the interstitial area was observed (Figure 15C, C’,
C”).

Different from normal testicular tissues, more atypical cells were found in
seminoma testis tissues. The distances of the cells are regular, and they are arranged in
clusters. Seminoma cells were observed to have prominent nucleoli, light colored, large
cytoplasm, and large nuclei. Nuclei richer in chromatin are seen and there is more than
one nucleoli (Figure 15C, C’, C’’). Many lymphocyte cells are seen among the seminoma
cells, which are distributed in clusters. Nodule structures formed by lymphocyte cells are
seen (Figure 15C, C*, C”’).
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Figure 15. Morphological evaluation of experimental groups by Hematoxylin-Eosin
(H&E) staining. A, A’, A”’. In control human testicular tissue; seminiferous tubules,

Leydig cells (asterix) and seminiferous tubule basement membrane were observed in
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normal structure. Sperm were found in many seminiferous tubule lumens (round dot). B,
B’, B’’. carcinoma cells, the cell borders were indistinct and showed agglomerations.
Cells have prominent nuclei, large vesicular nuclei and extensive cytoplasm. Blood cells
are seen among the carcinoma cells (asterix). C, C’, C*’. The distances of the cells are
regular and they are arranged in clusters. Seminoma cells were observed to have prominent
nucleoli, light colored, large cytoplasm and large nuclei. Nuclei richer in chromatin are
seen and there is more than one nucleus. A large number of lymphocyte cells are seen
among the seminoma cells, which are distributed in clusters. An increase in the number of

blood vessels in the interstitial area was observed.

4.2. Localization of Hippo Signaling Pathway Proteins by Immunohistochemistry

We performed immunohistochemistry staining to evaluate Hippo signaling
pathway proteins in human control, embryonal carcinoma and seminoma tissues.
Localization of Hippo signaling pathway proteins (MST1/2, p-MST1/2, LATS1/2, p-
LATS1/2, YAPL, p-YAP1, TEAD4, ZO-1) in human control, embryonal carcinoma and
seminoma testicular tissues was determined, counterstaining was performed with

hematoxylin and images were evaluated with light microscope.

MST1 and MST2, components of the Hippo signaling pathway, control cell
proliferation, differentiation and apoptosis during development (11). To elucidate in
detail the cell type and developmental stage-specific localization of the MST1/2 protein
in the human testis, we examined the expression of the MST1/2 protein in germ cells at
various stages of seminiferous tubule classification. Leydig cells and blood vessels in the
interstitial space between the seminif