Aus der

Universitatsklinik ftr Urologie

The expression of CD276 (B7-H3) on different urothelial
carcinoma cell lines in comparison to somatic urothelial
cells

Inaugural-Dissertation
zur Erlangung des Doktorgrades

der Medizin

der Medizinischen Fakultat
der Eberhard-Karls-Universitat
zu Tubingen
vorgelegt von

Maurer, Florian Basilius

2022



Dekan: Professor Dr. B. Pichler

1. Berichterstatter: Professor Dr. W. K. Aicher
2. Berichterstatter: Professor Dr. G. Klein

Tag der Disputation: 04.08.2022



Table of Contents

LiSt Of ADDIEVIALIONS ......eeiiiieiiiiieee e VI
S o ) T U S VIII
LISt Of TADIES ... Xl
N [ 011 oo [ Tox 1 o o RO TP PPPP PP PPPI 1
1.1 Clinical and pathological Features of Urinary Bladder Cancer .............. 1
1.2 CD276 (B7-H3) and its Significance in TUMOIS...........coooeeeieieiieeeeeeee. 4
1.3 MicroRNAs and their regulatory Role for CD276 Expression................ 7
1.4 AIMOFthiSWOIK ..o 9

2 Material and Methods...........ooooe i 10
2.1 Devices and EQUIPMENT ........cooiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee e 10
2.2 Reagents and SOIULIONS .........ccoovviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 12
2.3 Urothelial Carcinoma and Somatic Cell Lines ..........ccccccevviiiiiiiinnnennn. 16
2.4 Tissue Processing and Extraction of Somatic Cells ........................... 19
2.5 Cell Cultivation and Harvesting ...........cccoovvvuviiiiiii e 19
2.6 Passaging and Duplication Rate ...............couviiiiiiieeiiiieiiie e, 20
2.7 Quantification of the CD276 mRNA Transcription with gRT-PCR ....... 21
2.7.1 RNA EXITACHON .....euiiiiiiieiiiiiiiie ettt e e 21
2.7.2 Reverse Transcription of RNA into cDNA...........iiiiiiiii e, 22
2.7.3CD276 RT-PCR... . 23

2.8 Quantification of CD276 Protein..........cccovvvuiuiiiiiieeeeeeeeiiiiine e e e e eeeeanns 26
PR S 0 A o 01 (=1 o T L = T 1o ] N 26
2.8.2 Protein CONCENTIALION ...........uuvuuueiiiiiiiiiiiiiiiiiiiiieiiiieeeebebeeeeeeeeeeeeeaaae 26
2.8.3 SDS-PAGE..... oo 27



2.8. 4 WESEEIN BlOT. . ce oo 28

2.9 Detection of Mycoplasma DNA with PCR.............cccovviviiiiiiiii e, 30
2.10  Quantification of the miRNA Transcription with gRT-PCR ............... 31
2.10.12 MIRNA EXIFACHON ....ceeeiiiiiiiiiiieieee ettt 31
2.10.2 Reverse Transcription of MIRNA into cDNA.........cccoeeivieeiiiveeiiinn, 32
2.10.3 MIRNA gRT-PCR ... 33
2.11  CD276 FIOW CYtOMELIY ....cooviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e 34
2.12  Statistical ANAlYSIS .......oooviiiiiiiiiiii 35
RESUILS ... 36
3.1 Duplication Rate and Cell Culture ..., 36
3.2 Expression of CD276 MRNA ...t 39
3.3 Expression of CD276 Protein ........cccccccvviiiiiiiiiiiiiiiiiiieieeeeeeeeeeeee 41
3.4 Expression of CD276 on the Cell Surface...........cccccevvvvviiiiiiiieeeeeeeenn, 44
3.5 Correlation of CD276 mRNA-, Protein- and Surface-Expression ........ a7
3.6  miRNA Primer Efficiencies and Reference miRNAS.............ccccveveeeeen. 50
3.7 Expression of mMIRNA 29¢c and MiRNA 187 .........ccoovvviviiiiiiiieieeeeeeeeen, 51
3.7.1 Expression of MIRNA 29C ....uuiiiiiiiiieeeee e 51
3.7.2 EXpression of MIRNA 187 ......oiiiiieeieeciee e 52
DISCUSSION ...ttt e e e e e e e e e e e e s eeeeeas 54
4.1 UCC Line Selection and Morphology ................eeeeeeemeiieieimiiiiiiiiniiennnns 54
4.2 CD276 EXPIrESSION ...euuueeriiiiiiriiiiiiiiittttatistsssssssssssesaessnessanesneseenseeaseennne 56
4.3 Establishing miRNA Target and Reference Genes ............cccevvvvvvvnnnnn. 58
4.4 miRNAs as Tumor Suppressors in UCC LINES...........uueveiviiiiiiininiinnnnns 59
4. 4.1 MIRNA 29C ittt e e e e e e e e e e e eeaannaas 59
A o 01T NN PSS 61
4.5 CONCIUSION ...ooiiiiiiiiiiiiieee e 62



O SUMMATY i 64
6 GEIMAN SUMIMATY ...uiiiiieiiiee ettt e e e e e e e e e a e eaa e eaaneees 66
A = 11 o] oo [ =1 ] 1 2SN 68
8 PUDICALIONS .....ceiiiiiie e 79
9 Erklarung zum Eigenanteil der Dissertationsschrift.............ccccccooviiiiinnnn, 80
10 ACKNOWIEAGEMENT ... oo e 81

For reasons of the legibility, the male form was chosen in this thesis. However,
if not specified otherwise, this text refers to all genders.



List of Abbreviations

APS Ammonium Persulfate

AUA American Urological Association

BC Bladder Cancer

BCG Bacillus Calmette-Guérin

CD Cluster of Differentiation

cDNA Complementary deoxyribonucleic acid
DEPC Diethylpyrocarbonate

DNA Deoxyribonucleic acid

DPBS Dulbecco's phosphate-buffered saline
DR Duplication rate

EAU Euopean Association of Urology
EDTA Ethylenediaminetetraacetic acid

EMT Epithelial-Mesenchymal-Transition
GAPDH Glyceraldehyde 3-phosphate dehydrogenase
HRP Horseradish Peroxidase

Ig Immunoglobulines

KCS Keratinocyte Standart

kDa Kilo Dalton

MEM Minimum Essential Medium

MIBC Muscle-invasive Bladder Cancer

Vi



MMC
NMIBC
PBD
PBS
PPIA

gRT-PCR

RIPA

RISC

RNA
SDS-PAGE
TAG
TEMED
TREM

Tris

TURB

UC/UCC

UTR

WHO

Mitomycin C

Non-muscle-invasive Bladder Cancer

Pyrrolobenzodiazepine

Phosphate buffered saline

Peptidylprolyl isomerase A

Real-time quantitative reverse transcription polymerase chain
reaction

Radioimmunoprecipitation assay

RNA-induced silencing complex

Ribonucleic acid

Sodium dodecylsulfate polyacrylamide gel electrophoresis
Transgelin

Tetramethylethylendiamine

Triggering receptor expressed on myeloid cells
Tris(hydroxymethyl)aminomethane

Transurethral resection of the bladder

Urothelial carcinoma, Urothelial carcinoma cell, Urothelial cell
carcinoma

Untranslated region

World Health Organisation

Vi



List of Figures

Figure 1:

Figure 2:

Figure 3:

Figure 4:
Figure 5:

Figure 6:

Figure 7:

Figure 8:

Staging of bladder cancer according to Tumor, Node, Metastasis
(TNM) system of 2016. Histological classification of 1973 by the
WHO and of 2004 by WHO/ISUP are shown. PUNLMP: papillary
urothelial malignancy of low malignant potential. ............ccccccvvvenneen. 3

Antigen-presenting cell (APC) interacting with a T-Cell. Display of
different immune checkpoint molecules with their respective
receptors inducing an inhibitory response on the immune system.
Possible therapeutic effects of B7-H3 inhibition by antibodies (Ab)... 5

lllustration of microRNA (miRNA) synthesis and the mechanism of
messenger RNA (mMRNA) regulation. RISC=RNA-induced silencing
complex. From: Catto et. al, 2011 MicroRNA in Prostate, Bladder,
and Kidney Cancer: A Systematic Review. European Urology, 59,
B7L-B8L. .eeieiieeeie ittt e e e e e e e e e e e e 7

Schematic layout of the 96-well plate for the CD276 gRT-PCR......... 24
lllustration of the amplification-cycles run in qRT-PCR with
temperature in °C and time........cooooeeeeeeee 25
Melting curves of the samples displayed with fluorescence and time
(s.c. amplification CYCIES)......ccovieiiiiiiiiicee e 25
Median Duplication Rate per 24 hours in somatic (n=3) and UCC lines
(n=29, n=3-5per cell liN€)........ccoerrriiiie 36
Cell cultures at day 7 post-seeding. A: Somatic urothelial cells; B:UC
5, CiUC 6, DiUC 9, ittt 37

Figure 9:Median level of CD276 mRNA expression in somatic (h=4) and UCC

cell lines (n=3 per cell line, except UC10 and UC13 n=2). Values are
relative to reference genes PPIA/GAPDH. ..........cccccoeiiiiiiiiiviiiiinnnnnn, 39

Figure 10: Median level of CD276 mRNA expression in somatic urothelial cells

(n=4, 0,101 (0,707 — 0,101)) and UCCs (n=22, 0,061 (0,034 —
0,089)). Values are relative to reference genes PPIA/GAPDH. ....... 40

VIl


file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609296
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609296
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609296
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609296
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609297
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609297
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609297
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609297
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609298
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609298
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609298
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609298
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609298
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609302
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609302
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609303
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609303
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609304
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609304
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609304
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609305
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609305
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609305

Figure 11:

Figure 12:

Figure 13:

Figure 14:

Figure 15:

Figure 16:

Figure 17:

Figure 18:

Figure 19:

Western Blot for CD276 and b-actin. A: Immunoblot with antibodies
staining CD276 and bands at 120 kDa. B: Evaluation of CD276
staining intensity with Image Studio™ Lite software. C: Immunoblot
with antibodies staining b-actin and bands at 50 kDa. D: Evaluation
of b-actin staining intensity with Image Studio™ Lite software. ....... 41
Median CD276 protein expression in UCC lines (n=3 per cell line)
compared to somatic urothelial cells (n=2). Level of expression is
displayed as ratio to b-Actin protein expression. .........ccccccvveeeeeeeeeen. 42
Median level of CD276 protein expression in somatic urothelial cells
(n=2, 0,247 (0,220 — 0,275)) and UCCs (n=24, 0,244 (0,155 —

0,392)). Values are relative to reference gene b-Actin. ................... 43
Mean CD276 fluorescence intensities on cell surface of somatic
urothelial cells (n=1) and UCCs (n=1 per cell line) by cell line......... 44
Mean fluorescence intensities of UCC lines stained with anti-CD276

antibodies. BL 18/22 is displayed as exemplary urothelial control cell.
Left peak shows the negative control, right peak shows the PE-A
POSILIVE CEIIS. ..eveeeiiee e e 45
Median CD276 fluorescence intensity of somatic urothelial cells (n=2,
4361 (4088 — 4634)) and UCCs (n=8, 9352,5 (7538 — 10900))....... 46
Correlation of duplication rate with selected data. Each point
represents data for a specific cell line and measurement.
p=Spearman's rank correlation coefficient. Addition of linear trend
line. *Correlation is significant at the 0,05 level. ..............ccceevvvnnnnnn. 47
Correlation of CD276 mRNA expression with selected data.
p=Spearman's rank correlation coefficient. Each point represents
data for a specific cell line and measurement. p=Spearman's rank
correlation coefficient. Addition of linear trend line. .............ccooeee.. 47
Correlation of CD276 protein expression with selected data.
p=Spearman's rank correlation coefficient. Each point represents
data for a specific cell line and measurement. p=Spearman's rank
correlation coefficient. Addition of linear trend line. * Correlation is

significant at the 0,05 1eVel ..., 48


file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609306
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609306
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609306
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609306
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609306
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609307
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609307
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609307
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609308
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609308
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609308
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609309
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609309
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609310
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609310
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609310
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609310
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609311
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609311
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609312
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609312
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609312
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609312
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609313
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609313
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609313
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609313
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609314
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609314
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609314
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609314
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609314

Figure 20:

Figure 21:

Figure 22:

Figure 23:

Figure 24:

Figure 25:

Figure 26:

Correlation of CD276 surface-expression with selected data.
p=Spearman's rank correlation coefficient. Each point represents
data for a specific cell line and measurement. p=Spearman's rank
correlation coefficient. Addition of linear trend line. * Correlation is
significant at the 0,05 1eVel ...........ouiiiiiiiiii e, 48
Exemplary gRT-PCR amplification curve with a calculated standard
curve for miR-181D-5pD. .....ccoiiiiiiiiiiiiiiiiiiiiiie 50
Relative median expression of miRNA 29c in UCC cell lines (n= 20,
0,577 0,484 — 1,193) compared to somatic urothelium (n=4, 1,00).
Normalized on somatic urothelium. *p<0,05.........cccccvvviiiiiieeeerinnnnns 51
Relative mean expression of miRNA 29c in UCC cell lines (n=3 per
cell line, except 253J n=2) with standard deviation. Values are
normalized on somatic urothelial control cells. *p<0,05, **p<0,01 ... 52
Relative median expression of miRNA 187 in UCC cell lines (n=15,
0,156 0,005 — 1,415) compared to somatic urothelium (n=4, 1,00).
Normalized on somatic urothelium. ..........ccccooveieiiiiiiiiiiiii e, 52
Relative mean expression of miRNA 29c in UCC lines (n=2 per cell
line, HT1197 n=3) and somatic urothelium (n=4) with standard

deviation. Values are normalized on somatic urothelial control cells.

MIiRNA 29c as a tumor suppressor in cell line HT1197. Mean
expression in cell line HT1197 compared to somatic urothelium and

its effect on CD276 protein eXpresSSion. ........cccovvvvvviiiieeeeeeeeeeeiiiinnn, 60


file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609315
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609315
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609315
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609315
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609315
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609316
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609316
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609317
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609317
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609317
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609318
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609318
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609318
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609319
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609319
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609319
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609320
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609320
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609320
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609320
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609321
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609321
file:///C:/Users/Florian/Desktop/Uni%20Tübingen/Promotion/Disseration%20WORD/Korrektur%20Dissertation/Korrektur%20Gutachten/FM%20Dissertation%20final%20-%20Rekorrektur.docx%23_Toc96609321

List of Tables

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:

Table 6:

Table 7:

Table 9:

Table 10:
Table 11:
Table 12:
Table 13:
Table 14:
Table 15:
Table 16:
Table 17:

Table 18:
Table 19:
Table 20:
Table 21:

Devices used with Name and Manufacturer.............ccccceeeeeeeeeeeeeeenn. 10
Consumables, Reference Number and Manufacturer ............ccccc....... 11
REAGENTS ... 12
Mediums and SOIULIONS .........uueiiiie e 15
Cell Lines used for analysis of CD276 expression with their

corresponding referenCe.........coovvvviiiii i 16
Cell Lines used for analysis of miRNA expression with their

COrrespoNding rEfErENCE.........cuvvviiiiiiiiiiiieiieeeeeeeeeeeeeee e 17
Composition of master-mix for transcription of RNA to cDNA per

SAMIPIE . —————————— 22
Composition of master-mix for CD276 qRT-PCR per well.................. 23
Primer efficiencies for CD276 qRT-PCR ..., 23

Features of CD276 gRT-PCR with temperature and time ................ 24

Standard concentrations for Bradford Protein Assay.............ccc........ 26

Components for 8% running SDS-gel for SDS-PAGE....................... 27

Components for 5% stacking SDS-gel for SDS-PAGE..................... 28

Antibodies, Manufacturer and Dilution for Western Blot ................... 29

Composition of master-mix for MycoSpy qRT-PCR per well ............ 30

Features of PCR run to detect mycoplasma DNA ...............ccceeeeeene 30

Composition of master-mix for transcription of miRNA to cDNA per

SAIMPIE L.t 32

Primer efficiencies for mMiRNA gRT-PCR ..........ccooiiiiiiiiiiiiiieeeeeeeeee, 33

Composition of master-mix for miRNA qRT-PCR per well................ 33

Features of mMiRNA qRT-PCR with Temperature and Time............... 34

Antibody, Manufacturer and Dilution for CD276 Flow-Cytometry ..... 35

XI



Table 22: Median CD276 mRNA expression of analyzed UCC lines and somatic
control cells with percentiles. ...........ccoooiiiiiiiiiiicii e, 40
Table 23: Median CD276 protein expression relative to b-Actin by cell line. .... 43
Table 24: Mean CD276 fluorescence intensities of analyzed cells.................... 46
Table 25: Mean miRNA 29c and miRNA 187 expression of UCC lines and
somatic urothelial cells (HL). Results are normalized on somatic

urothelium and standard deviation is displayed. (HL=Harnleiter) .... 53

Xl



1 Introduction

1.1 Clinical and pathological Features of Urinary Bladder Cancer

The incidence and mortality of cancer are rapidly growing worldwide. It is
expected to become the major cause of death in the 215t century (Bray et al.,
2018). With an incidence of 549,000, cancer of the urinary bladder ranks as the
10™ most common form of cancer worldwide, resulting in approximately 200,000
deaths annually (Bray et al., 2018). However, there is a significant difference in
incidence and mortality by geographical region and sex (Antoni et al., 2017).
The incidence of bladder cancer (BC) is highest in North America, Europe and
parts of Western Asia, while mortality rates are higher in developing countries
(Cumberbatch et al., 2018). Men have higher rates of incidence and mortality
with 9.6 and 3.2 per 100,000, respectively. It is about 4 times those of women
worldwide. As in most cancers, the incidence increases with age (Bray et al.,
2018) and the majority of BC is diagnosed at age >65 (Sanli et al., 2017).

Risk factors for developing urinary BC can be sorted into external exposures
and internal factors (Burger et al., 2013). By far the most common external risk
factor is tobacco smoking, as tobacco contains several carcinogenic aromatic
amines and polycyclic aromatic hydrocarbons. Tobacco smoking is believed to
be responsible for 50% of BC cases (Burger et al., 2013). Smoking cessation
may reduce the risk for developing BC, as former smokers have lower
incidences than active smokers (Gabriel et al., 2012). Because e-cigarettes
contain similar carcinogenic chemicals, they potentially present a risk factor
comparable to tobacco smoking (Fuller et al., 2018). Occupations with
exposures to carcinogens presents another potent risk factor for developing BC.

Workers in the production industry of aluminum, rubber and dye have a higher
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risk of developing BC. Occupations in the coal-tar pitch industry, as
hairdressers or barbers, in the printing industry or as textile manufacturers
present suspected risk factors (Cumberbatch et al., 2018). Dietary factors may
also present risk factors for BC. Obese and overweight patients with non-
muscle-invasive BC (NMIBC) had a higher rate of recurrence when compared
to patients with normal weight (Westhoff et al., 2018). Other risk factors for BC
include medical preconditions such as previous radiotherapy treatment of
prostate cancer (Abern et al., 2013), schistosomiasis infections, white race, low
socioeconomical status and treatment with certain drugs (Cumberbatch et al.,
2018). Internal risk factors are mainly genetic alterations with patients having a

background of BC in their family (Burger et al., 2013).

The vast majority of BC, between 90% to 95%, are urothelial carcinomas (UCs).
5% to 10% are adenocarcinomas, squamous cell carcinomas or tumors of other
types (Reuter, 2006). Morphologically, BC can present as papillary, solid or
mixed type. At the time of diagnosis, 3/4 of patients have NMIBC and 1/4 have
muscle-invasive BC (MIBC) (Kamat et al., 2016). BC can be further
differentiated into high-grade and low-grade carcinomas. Half of NMIBCs are
low grade, while the majority of MIBCs and metastatic tumors are high grade
(Humphrey et al., 2016). In NMIBC, tumors are described as low, intermediate
or high risk tumors (Sylvester et al., 2006). For invasive tumors, the
classification follows the grading G1-G3 of the WHO-Classification of 1973 (van
de Putte et al., 2018). As urothelial carcinomas frequently present as multifocal
tumors, each tumor has to be analyzed individually concerning tumor type and
clone origin (Catto et al., 2006). One of the proposed pathogenesis pathways
for urothelial tumors is via genetic alterations in the FGFR3 gene, which
activates the RAS/MEK/ERK-pathway (Billerey et al., 2001). Furthermore, the
immune system of the body with its pro- and anti-inflammatory effects plays a

major role in the development of this disease (Thompson et al., 2015).
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The most common symptom patients with urothelial BC experience, is painless
hematuria. 10-20% of patients with macroscopic hematuria have tumors of the
bladder (Bruyninckx et al., 2003). Cystoscopy, urine cytology, sonography and
CT or MRI screening are methods for diagnosing bladder cancer (Sanli et al.,
2017). A suitable urinary marker with a higher sensitivity than cystoscopy is yet
to be found (Schmitz-Drager et al., 2015). BC is classified according to the TNM
classification of 2016 displayed in Figure 1 and staged from Oa to IV (S3-
Leitlinie Harnblasenkarzinom, 2016).

.......................................................................................
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Figure 1: Staging of bladder cancer according to Tumor, Node, Metastasis (TNM) system of 2016.
Histological classification of 1973 by the WHO and of 2004 by WHO/ISUP are shown. PUNLMP:
papillary urothelial malignancy of low malignant potential.

From :Sanli, O. et al. (2017) Bladder cancer

Nat. Rev. Dis. Primers doi:10.1038/nrdp.2017.22

Treatment of urothelial bladder cancer depends on many factors including stage
and grade of the tumor, as well as invasiveness. Generally, NMIBCs are treated
with transurethral resection of the bladder (TURB) and optional intravesical
installation of agents such as mitomycin C (MMC) or Bacillus Calmette-Guérin
(BCG) (Rayn et al., 2018). In case of failure of BCG-Installation, the European
Association of Urology (EAU) and the American Urological Association (AUA)
recommend radical cystectomy (Chang et al., 2016), (S3-Leitlinie
Harnblasenkarzinom, 2016). For MIBC, radical cystectomy in combination with
bilateral pelvine lymphadenectomy is the standard treatment with curative
intention for the patient (Shariat et al., 2006). A platinum based (neo-)adjuvant

chemotherapy is generally recommended for patients =2cT2 and increases the
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overall survival by 5-10% after 10 years (Vale, 2005). The standard first-line
therapy of the metastasized stage 1V urothelial bladder cancer is a cisplatin-
based combination therapy. For a second line therapy, immune therapies are of
increasing importance and several studies have proven the effectiveness of
PD1- and PD-L1- Inhibitors (Bellmunt et al., 2017, Sharma et al., 2017, Powles
et al., 2017).

1.2 CD276 (B7-H3) and its Significance in Tumors

In 2001, Chapoval et al. described a new molecule of the B7 superfamily of
immune checkpoint molecules, designated B7-H3 or CD276. In humans, it is
encoded on chromosome 15 (Chapoval et al., 2001). It is a type | membrane
protein, has a molecular weight of approximately 110 kDa and consists of four
Ig-like domains: An IgV-like and an IgC-like domain, which are duplicated
(Steinberger et al., 2004). The molecule exists in a membrane-bound, as well
as soluble form (Xie et al., 2016). CD276 is ubiquitously expressed in many
tissues on a low level suggesting a strictly regulated posttranscriptional
mechanism, which is further discussed in 1.3 (Nygren et al., 2011, Janakiram et
al., 2017). It was shown to have a higher expression in many types of cancer,
including squamous cell carcinoma, gastric cancer, ovarian cancer, pancreatic
cancer, prostate cancer, liver cancer, glioma, melanoma- and bladder cancer
and was associated with invasive potential and proliferation in different tumors.
An association with worse outcome and prognosis was also seen (Dong et al.,
2018, Xylinas et al., 2014, Zhou et al., 2013, Wang et al., 2013). Furthermore,
CD276 overexpression in urothelial cell carcinoma of the bladder indicated a
significantly shorter overall survival of patients and was associated with a
poorer prognosis (Xu et al., 2018). Conversely, high expression of CD276 was
associated with a better survival for patients with gastric and pancreatic cancer
in two studies (Loos et al., 2009, Wu et al., 2006). The discrepancy may be
explained by a different methodology used, the time point of CD276

measurement or different cancer subtypes (Dong et al., 2018).
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Currently, the receptor for CD276 has not yet been identified on human

samples. In 2012, Hashiguchi et al. demonstrate specific binding of TLT2 from

the TREM receptor family to CD276. However, other studies were not able to

validate these results and did not observe a direct interaction between TREM

B7-H3 Immunotherapy and
New Combination Therapies
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Figure 2: Antigen-presenting cell (APC) interacting with a T-Cell. Display of
different immune checkpoint molecules with their respective receptors
inducing an inhibitory response on the immune system. Possible
therapeutic effects of B7-H3 inhibition by antibodies (Ab).

From :Jose R Castellanos, et al. Am J Clin Exp Immunol. 2017;6(4):66-75.

receptors and CD276
(Leitner et al., 2009,
Li et al., 2018a).
Overexpression of B7
family molecules in
the vicinity of tumors
has been linked to
reduction of anti-
tumor immunity and
immune evasion of
the tumor (Leung and
Suh, 2014). For
CD276, several
functions have been
established. Many of
its functions may help

to establish tumor progression and lead to the development of “Hallmarks of

cancer” (Hanahan and Weinberg, 2011). First of all, it is believed to act as a co-

stimulatory, as well as a co-inhibitory factor in the anti-tumor response of the

immune system (Li et al., 2018a).

Furthermore, CD276 is not only believed to influence the tumor immunity and

evasion, but also to play a role in the tumor invasion, migration and metastasis

as shown in Figure 2 (Castellanos et al., 2017). It may be able to promote

epithelial-mesenchymal-transition (EMT) in cancer by decreasing E-cadherin

expression (Jiang et al., 2016b). The proposed molecular pathway inducing

migration and invasion in bladder cancer cells is facilitated via the

PI3K/Akt/STAT3 pathway, which also mediates resistance to a variety of

chemotherapeutics in different cancers (Li et al., 2017, Zhang et al., 2017, Jiang
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et al., 2016a). Another “Hallmark of cancer”, the Warburg effect, was observed
to be stimulated by CD276 (Lim et al., 2016). It is characterized by a shift from
aerobic to anaerobic metabolism in (tumor) cells even in the presence of

sufficient oxygen (Vander Heiden et al., 2009).

Targeting CD276 in anti-tumor therapy is in its early stages but has shown
promsing results so far. Several clinical trials have proven the effectivness of
immunotherapy in vivo against CTLA-4 and B7 family member PD-1 with its
ligand to reverse inhibitory signaling on T-Cells by tumor cells in different
cancers (Phan et al., 2003, Iwai et al., 2002). Similar results could be expected
for anti-CD276 immunotherapy with multiple clinical trials, currently in Phase | or
Phase II, underway. Enoblituzumab is a monocolonal antibody targeting CD276.
Multiple clinical trials alone or in combination with other immune checkpoint
targeting antibodies indicate promising antitumor effects with no dose-limiting
toxicity or severe immune related side effects (Flem-Karlsen et al., 2018,
Powderly et al., 2015). An Fc-engineered monoclonal antibody developed by
Loo et al. was able to inhibit the growth of renal cell carcinoma and bladder
carcinoma tumor xenografts in vivo. Another therapeutic approach presents the
monoclonal antibody m276 equipped with a Pyrrolobenzodiazepine (PBD)
warhead. It was shown to kill both cancer cells and tumor vasculature
overexpressing CD276 in different tumor models in mice. Few side effects and
significant regression of the tumor was observed (Seaman et al., 2017). It may
present another promising strategy for targeting CD276.

Limitations to therapies with antibodies include variable tissue penetration,
heterogeneous distribution in solid tumors, different routes of application and,
most importantly, resistance of the tumor to antibody therapy (Chames et al.,
2009).
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1.3 MicroRNAs and their regulatory Role for CD276 Expression
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Figure 3: lllustration of microRNA (miRNA) synthesis and the
mechanism of messenger RNA (mRNA) regulation. RISC=RNA-
induced silencing complex. From: Catto et. al, 2011 MicroRNA in
Prostate, Bladder, and Kidney Cancer: A Systematic Review.
European Urology, 59, 671-681.

Around 98% of the
transcriptional output of
humans was found to
consist of non-protein
coding RNAs (Shruti et al.,
2011, Mattick, 2001).
MicroRNAs or miRNAs are
a specific group of these
non-coding RNAs with a
Iength of around 22
nucleotides, which play a
major role in post-
transcriptional regulation of
genes (Ambros, 2004).
They were first discovered
in 1993 and are single-
stranded RNA molecules
built by an RNase-IlI-type

enzyme from an

endogenous transcript that contains a local hairpin structure (Kim, 2005, Lee et

al., 1993, Shruti et al., 2011). The antisense strands (guide strands) of these

RNA molecules are built into RNA-induced silencing complexes (RISCs), which

contain enzymes, Dicer and other cellular factors (Rana, 2007). By

complementary base pairing with mRNA molecules, RICSs facilitate cleavage of

these mMRNA molecules, destabilization of mMRNA molecules or inhibition of

translation into proteins in ribosomes (Fabian et al., 2010, Bartel, 2009). An

overview of this process is shown in Figure 3. It is important to note that

MiRNAs may have multiple target mMRNAs with varying effects on expression.
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The link between miRNA and the growth of cancer was first discovered in
chronic lymphocytic leukemia patients having a down-regulation of miR-15a and
miR-16-1 (Calin et al., 2002). In cancer, miRNAs may function as oncogenes
(oncomiRs) or tumor suppressor genes, depending on their target structure
(Hammond, 2006). In the case of CD276, multiple miRNAs interfering post-
transcriptionally with the expression of the gene have been found or are
suspected in various cancers. In breast cancer, nearly 50 miRNAs have been
identified, which downregulate CD276 protein levels. Furthermore, 13 of these
were found to directly bind to the 3’-UTR region. Most notably, the expression of
mMiRNA 29c correlates with survival in breast cancer patients, suggesting a
tumor suppressive role for this miRNA (Nygren et al., 2014). In bladder cancer,
downregulation of mMiRNA 29c in established UCC cell line T24 and bladder
cancer tissue was observed (Fan et al., 2014). Moreover, miRNA 29c
interactions lead to decreased CD276 protein levels in cancers such as
neuroblastoma, sarcoma and melanoma (Wang et al., 2013, Xu et al., 2009). In
colorectal cancer, miRNA 187 inhibits cell proliferation, migration and invasion
by directly binding CD276 mRNA and suppressing its expression (Wang et al.,
2016). A lower expression of miRNA 187 was also found in high-risk ovarian
cancer patients, possibly acting as a tumor suppressor (Dong et al., 2018).
Numerous other miRNAs interacting with CD276 mRNA on a post-

transcriptional level have been identified (Nygren et al., 2014).

There is a significant therapeutic potential of miRNAs, as restoration of normal
expression levels in cancer could be able to target multiple genes and pathways
simultaneously (Pereira et al., 2013). MiRNAs could also serve as clinical
biomarkers, even if a regulatory function of a specific miRNA is not observed
(Farazi et al., 2011). Furthermore, detection and analysis of miRNAs in urine
may be a useful non-invasive tool in diagnosing urothelial cell carcinoma
(Mengual et al., 2013).
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1.4 Aim of this Work

The pathologic role of CD276 (B7-H3) has already been established in different
types of cancer. In UC, the relationship between CD276 and immune evading
mechanisms, as well as the invasive and migrative potential of the tumor has
also been described. Studies indicate a higher expression of CD276 mRNA, as
well as CD276 protein inside and outside the tumor cell in correlation with poor
prognosis and decreased overall survival of patients.

This leads to the assumption that dysregulation of CD276 may be an important

factor in development and progression of UC.

It was also shown that miRNAs may play a major role in regulation of CD276
MRNA expression. Especially miRNA 29c¢ could function as a tumor suppressor

by decreasing CD276 mRNA levels in tumor cells.

The aim of this work is to confirm the hypothesis of dysregulated CD276
expression in selected and established urothelial carcinoma cell (UCC) lines.
Expression of CD276 at the level of transcription into mRNA, translation into
protein and presentation at the cell surface is to be analyzed and compared to
somatic urothelial cells. Correlation of this data may show, to what extend the

amounts of expression are in relationship with each other.

Furthermore, miRNA expression in cell lines with high, moderate and low
expression of CD276 protein are analyzed to confirm a possible regulatory role.
To the best of my knowledge, expression of miRNAs in established urothelial
carcinoma cell lines has only been tested in cell line T24. Results may also help
understanding the complex function of miRNAs in the progress and

tumorigenesis of urothelial carcinoma.



2 Material and Methods

2.1 Devices and Equipment

Table 1: Devices used with Name and Manufacturer

Device Name Manufacturer

Blot Scanner C-DiGit® Blot Scanner LI-COR
Centrifuge CombiSpin FVL-2400N bioSan
Centrifuge Centrifuge 5424 eppendorf
Centrifuge 3-30KS Sigma
Centrifuge Rotina 420R Hettich
Centrifuge Heraeus Multifuge 3SR+ ThermoFisher Scientific

Clean Bench SL-1200 BDK

Electrical pipetting device Pipetus Hirschmann Laborgeréte

ELISA Reader
FACS Device

Incubator

Lens-10x

Lens-20x
Lens-40x
Microscope
pH Meter

Photospectrometer

Kinetic Analyzer
BD LSR I

Heracell 240i

Primo-Plan-ACHROMAT

10x/0,25 Ph1 415500-1605-

001

Primo-Plan-ACHROMAT

20x/0,30 Ph1 415500-1614

Primo-Plan-ACHROMAT LD-
40x/0,5 Ph2 415500-1616

Primovert
pH Levell

NP80 Mobile

10

Milenia DPC
BD-Biosciences

ThermoFisher Scientific

Zeiss

Zeiss

Zeiss

Zeiss
inoLab

Implen
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Pipette
0,5-10ul;
10-100yl; Eppendorf research eppendorf
20-200ul;
100-1000ul
Pipette
0,5-10ul;
10-100yl; Eppendorf reference eppendorf
20-200ul;
100-1000pl
Scale 440-47N Kern
Shaker DSG 304/M4 Heidolph
Stirrer with Agitator MR82 Heidolph
Vacuum pump mini-pump KNF
Thermoblock UNO II Biometra
Thermoblock LightCycler 480 Il Roche
Thermomixer Thermomixer comfort eppendorf
Voltage Generator PowerPack P25 Heidolph
Vortex Decive MS1 Minishaker IKA
Waterbath 1083 GFL
Table 2: Consumables, Reference Number and Manufacturer
Consumable Reference Number Manufacturer

96-well plate F-Bottom
96-well plate for Light Cyler

96-well plate U-Bottom
Advantage RT-for-PCR-Kit

DC Protein Assay Kit Il
Disposable Scalpel No.10

Cryogenic storage tube

Disposable bags

FACS-Tubes

655 180
04729692001
650 180
639506
5000112
02.001.30.010
368632

759705

352052

11

Greiner bio-one
Roche
Greiner bio-one
Takara
Sigma
Feather
ThermoScientific
Brand

Falcon
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Gloves-Nitril, powder-free M
Micro test tube 0,5 ml
Micro test tube 1,5 ml

Micro test tube 2 ml
Bath stabilizer
Parafilm
Pasteur Pipettes
Petri dish
RNA Mini Kit

Cell scraper

Cell culture flask blue vented
cap
Cell culture flask Cellbind
Surface

Centrifugation tubes

290419
0030 121.023
616 201
0030 120.094
1-6095
P 7543
200760
101VR20
74106
3010
353136

T25:3289; T75: 3290

15 ml: 188217,
50ml: 227261

2.2 Reagents and Solutions

Table 3: Reagents

ABENA
Eppendorf
Greiner bio-one
Eppendorf
neolLab
Sigma-Aldrich
WU Mainz
Thermo Scientific
Quiagen
Corning
Falcon
Corning

Greiner bio-one

Reagents Reference Number Manufacturer
30% Acrylamid-Mix 161-0156 BioRad
Accutase A6964-100ML Sigma
Advantage RT-for-PCR-Kit 639506 Takara
Agarose 9012-36-6 Sigma-Aldrich
Ampuwa 7151-5 Fresenius
Aprotinin 9087-70-1 Sigma-Aldrich

12
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Bovine Serum Albumin (BSA)
25%

CD276 Primer

Cholera Toxin 1mg
DC Protein Assay Kit 11

DMSO

Dulbeccos Phosphate Buffered
Saline (DPBS)

EDTA Versen (1% wi/v)
Ethanol absolute
FCsS

FSL-1

GAPDH Primer

Gel Red Nucleic Acid Gel stain
10000x in water

Gentamycin 10mg/ml
HEPES Buffer Solution (1M)

Keratinocyte standard medium

LightCycler 480 SybrGreen |
Master

MEM Earle’s
Mercaptoethanol
Methanol 100%

Milk powder
miR-148b-3p PCR Primer
miR-181b-5p PCR Primer
miR-187-3p PCR Primer
miR-187-5p PCR Primer
miR-29a-3p PCR Primer

miR-29a-5p PCR Primer

A10008-01

Forward Sequence:

TTTCCTTTCCCCTCCTTCCTCC

Reverse Sequence:
TGTGACCAGCACATGCTTCC

100B
5000112
D2650-5X5ML
D8537-500ml
L2113
20821.330
26140079

SML1420-100UG

Forward Sequence:
GAGTCAACGGATTTGGTCGT
Reverse Sequence:
TTGATTTTGGAGGGATCTCG

41003
A 2712
15630-056
37000-015
04887352001
FG0325
A338,0100

20847.307

YP00204047
YP00204530
YP00201018
YP00205920
YP00204698

YP00204430

13

Gibco

Eurofins

Biological Laboratories
Inc.

BioRad
Sigma
Sigma
Biochrom
VWR Chemicals
Gibco

Sigma

Biomol GmbH

Biotinum
Biochrom
Gibco
Gibco
Roche
Biochrom
AppliChem
VWR Chemicals
Tip
Qiagen
Qiagen
Qiagen
Qiagen
Qiagen

Qiagen
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miR-29¢-3p PCR Primer
miR-29¢c-5p PCR Primer
miR-524-3p PCR Primer
miR-524-5p PCR Primer
miR-539-5p PCR Primer

miR-874-3p PCR Primer

MIRCURY LNA miRNA PCR
Assay

miRNeasy Mini Kit

MycoSPY Mykoplasma
detection kit

Non-essential amino acids
PBS-drops (WesternBlot)

Penicillin/Streptomycin

PPIA Primer

RIPA-Buffer + PMSF 200mM
RNA Mini Kit
RNase free DNase Set
RNeasy MinElute Cleanup Kit
SDS 10% (w/v) Solution
SNORDA49a PCR Primer

Sodium Pyruvat 100mM

Tetramethylethylendiamin
(TEMED)

Tris-Glycine Buffer
Trypan blue 0,4%
Trypsin

Tween20

WesternBlot secondary AB
rabbit-anti-mouse HRP

WesternBlot-AB Anti-b-Actin

YP00204729
YP00204135
YP00204030
YP00204135
YP00205656
YP00204761
339306
217004
M030-050
11140-035
18912-014

15140-122

Forward Sequence:
TTCATCTGCACTGCCAAGAC
Reverse Sequence:

TCGAGTTGTCCACAGTCAGC

PL-25-M
74106
79254
74204

1610416

YP00203904
11360-039
2367
161-0734
17-942E
12563-011
9005-64-5
P0260

ab8227

14

Qiagen
Qiagen
Qiagen
Qiagen
Qiagen
Qiagen
Qiagen
Qiagen
Biontex
Gibco
Gibco

Gibco

Biomol GmbH

CC Pro
Quiagen
Quiagen
Qiagen
BioRad
Qiagen
gibco
Roth
BioRad
Lonza
Gibco
Fisher
Dako

abcam
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Westernblot-AB Anti-CD276

WesternSure Premium
Chemiluminescent Substrate:

Table 4: Mediums and Solutions

ab105922

926-95000

abcam

LI-COR

Medium/Solution

Constituents/Properties

Urothelial Cell Growth Medium
Urothelial Carcinoma Cell Growth Medium
Freezing Medium

Tissue Transportation Medium

Tissue Stripping Solution

Membrane Stripping Solution

PFEA buffer

KCS Medium, 1% CT, 1% Pen/Strep

MEM Earle’s Medium, 10% FCS, 1% NEA,
1% Pen/Strep
50% KCS/MEM Earle’s Medium, 40% FCS,
10% DMSO
0,35 g/l NaHCOs3, 1% 10mM HEPES, 0,26%
20 KIU/ml Aprotinin, 1% Pen/Strep
HBSS 0,35 g/l NaHCOs, 1% 10mM HEPES,
0,26% 20 KIU/ml Aprotinin, 1% Pen/Strep,
10% of 1% (w/v) EDTA solution
dist. H20 95% (v/v), 0,2 M Glycine 1,5%
(w/v), 0,1%SDS 0,1% (w/v), 1%Tween20
0,5% (viv); pH 2,2
2% FCS, 0,02% Sodium azide, 97,8% DPBS
74% (w/v) EDTA
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2.3 Urothelial Carcinoma and Somatic Cell Lines

Table 5: Cell Lines used for analysis of CD276 expression with their corresponding reference

Cell Line Reference Classification

Tumor: Bladder Cancer
Grossman et al. —

UM-UC-5 (1986) Tumor Stage (TNM): unknown
Patient: female, Age: unknown

Tumor: Bladder Cancer
UM-UC-6 Gros(slrggg)et al. Tumor Stage (TNM): unknown

Patient: male, Age unknown

Shinohara et al Tumor: Bladder Cancer

UM-UC-9 (1993) ) Tumor Stage (TNM): unknown
Patient: unknown

UM-UC- Tumor: Bladder Cancer

10 Sabichi et al. (2006) Tumor Stage (TNM): unknown

Patient: unknown

Tumor: Lymphatic metastasis of Bladder

UM-UC- sabichi et al. (2006) CEIIEE]

13 Tumor Stage (TNM): unknown
Patient: unknown
UM-UC- Tumor: Renal pelvis tumor
14 Sabichi et al. (2006) Tumor Stage (TNM): unknown
Patient: unknown
UM-UC- Tumor: Bladder Cancer
15 Park et al. (2008) Tumor Stage (TNM): unknown
Patient: unknown
UM-UC- Tumor: Bladder Cancer
16 Sabichi et al. (2006) Tumor Stage (TNM): unknown

Patient: unknown

16



Material and Methods

Table 6: Cell Lines used for analysis of miRNA expression with their corresponding reference

Cell Line Reference Classification

Tumor: Bladder Cancer
TCC sup. Nayak et al. (1977) Tumor Stage (TNM): TxNxM1
Patient: female, Age 67

Tumor: Bladder Cancer
5637 Fogh et al. (1977) Tumor Stage (TNM): unknown
Patient: male, Age 68

Tumor: Bladder Cancer
Cal-29 Cattan et al. (2001) Tumor Stage (TNM): T2NxM1
Patient: female, Age 80

Rasheed et al., Tumor: Bladder Cancer

HT1197 (1977) Tumor Stage (TNM): TxNxM1

Patient: male, Age 44
Tumor: Retroperitoneal lymphatic node
. metastasis

253J Elliott et al., (1974) Tumor Stage (TNM): TXNxML
Patient: male, Age 53
UM-UC- Tumor: Bladder Cancer

16 Sabichi et al. (2006) Tumor Stage (TNM): unknown

Patient: unknown

Tumor: Bladder Cancer
UM-UC-6 Grossman et al. Tumor Stage (TNM): unknown
(1986) P
Patient: male, Age unknown

17
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The UCC lines shown in Table 6 were chosen according to their level of CD276
protein expression relative to somatic urothelium. UC 6 and UC 16 were chosen
as cell lines expressing low relative amounts of CD276 protein, as shown in
chapter 3.3. TCC and 253J with low-to-medium amounts of CD276 protein. Cal-
29 and 5637 with medium-to-high protein expression and HT1197 with high
relative CD276 protein expression (values from unpublished results by research
groups of Prof. Dr. Aicher). Different levels of protein expression were thought
to be outlining best a possible correlation between miRNA expression and

CD276 protein expression.

This work was approved by the Ethics Committee of the University of Tlbingen
Hospital (UKT) and the Eberhard-Karls-University Tubingen under File Number
279/2013 B02.
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2.4 Tissue Processing and Extraction of Somatic Cells

Bladder or ureter tissue was extracted from patients clinically free of tumors and
immediately placed in sterile tubes filled with transportation medium (Table 4). It
was then stored at 4°C or directly transported on ice for further processing. The
tissue was then placed in a sterile petri dish containing 5 ml Keratinocyte
Standard (KCS) medium. Residues of adipose tissue or vessels were removed
and the tissue was cut into 1-2 cm? pieces. Those pieces were transferred into
15 ml of stripping solution specified in Table 4 and incubated for 3 hours at
37°C and 5% COz2. Subsequently, the piece of tissue was placed in 3 ml KCS
medium and scraped off with a cell scraper. The tissue was again rinsed with
medium and the material was collected in a 15 ml centrifugation tube. Upon
centrifugation at 200 g for 5 minutes with a brake of 1-2, the supernatant was
removed and the pellet suspended in 2,5 ml KCS medium. Subsequently, it was
transferred to a T25 CellBIND culture flask and cultured at 37°C and 5%COz.
AE1/AE3 staining was applied for proof of somatic urothelial origin. AE1/AE3
generally stains positive in carcinomas of epithelial origin by staining certain

cytokeratines. It is used to distinguish between somatic and carcinoma cells.

2.5 Cell Cultivation and Harvesting

For long term storage, the urothelial carcinoma (UC) cell lines mentioned in 2.3
were suspended in freezing medium (Table 4). For short term storage, the
tubes were stored at -80°C. Somatic urothelial cells were stored in a different
freezing medium (Table 4), respectively. For thawing, the cryogenic tubes were
placed in a 37°C water bath until almost completely unfrozen. The contents
were then transferred into 20 ml of KCS medium for urothelial cells or 10 ml of
Minimum Essential Medium (MEM) for UCCs. This was followed by
centrifugation for 5 minutes at 200g and a brake of 1-2. The cell pellet was
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suspended in 20 ml KCS medium for urothelial cells and 10 ml MEM medium
for UCCs. Finally, the suspension was transferred to a T75 CellBind culture
flask, which was placed in an incubator at 37°C and 5% COz2 for cultivation.
Every 2-3 days the growth medium was removed from the flasks and new
growth medium was added (Table 4). Cells were harvested at around 80%
Confluence. 4 ml of 0,1 % ethylenediaminetetraacetic acid (EDTA) solution
were added to the cell culture for breakdown of cell-to-cell adhesion. After 8
minutes of incubation at 37°C and 5%CO2, the 0,1 % EDTA solution was
removed and 1,5 ml TrypLE™ Select was added and incubated for 1-2 minutes.
Cell loosening was observed under the microscope. 10 ml of medium were
added, suspended with contents of the flask and then transferred to a
centrifugation tube. The centrifuge was run at 200 g for 5 min with a brake of 1-
2. The pellet was processed further, depending on the intention of the

experiment.

2.6 Passaging and Duplication Rate

When cell culture flasks reached around 80% confluent, cells had to be
passaged to a new cell culture flask. They were released from the surface of the
flask and processed as described in chapter 2.5. The cell pellet was then
resuspended with 10 ml of medium. At this point, a cell count was performed
using a Neubauer cell counting chamber using trypan blue dye exclusion. 20 pl
of trypan blue were mixed with 20 pl of the resuspended medium containing the
cells. The cell counting chamber was filled with the suspension. All four
quadrants were counted and an average cell count was obtained. Viable cells
remain clear while dead cells appear dark blue. The number was corrected for
the 1:1 dilution and the cell number was calculated. The measure the
duplication rate of each individual cell line, cell numbers of a culture were

obtained at the point of seeding and at the point of harvesting.
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logyo (%)
log10(2)

DR =
d

Duplication Rate per 24 hours;
N1= Number of cells at point of seeding;
N2= Number of cells at point of harvest;
d= Number of days between seeding and harvest;
(Bieback et al., 2004)

The duplication rate (DR) was calculated with the above-mentioned equation.

2.7 Quantification of the CD276 mRNA Transcription with gRT-PCR

2.7.1 RNA Extraction

The level of transcription for the messenger ribonucleic acid (MRNA) of the
CD276 gene was determined using real-time quantitative reverse transcription
polymerase chain reaction (QRT-PCR). Each cell line was cultured and
processed to obtain a cell pellet as described in chapter 2.5. The cells were
then washed with 10 ml of approximately 4°C cold PBS and subsequently
centrifuged at 200 g for 7 minutes with a brake of 1-2. The supernatant was
removed and a cell pellet remained. To extract the mRNA from the cells, the cell
pellet was suspended in 350 pl RLT-Buffer containing 1% B-mercapthoethanol
and subsequently stored at -70°C for at least 24 hours. Upon thawing, 350 pl of
a 70% ethanol solution were added, the solution was mixed in a syringe and
then transferred to a spin column. Next, the columns were centrifuged at 9400 g
for 15 seconds. The flow-through was discarded and 350 yl RW1 washing
buffer were added. A centrifugation step at 9400 g for 15 seconds followed and
the flow-through was discarded. 80 pl of DNase solution were added to the
column (Table 4), which was then incubated for 15 minutes at room
temperature. After the incubation, 350 ul of RW1 buffer were added and the

column was centrifuged at 9400 g for 15 seconds. The column was placed in a
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new collection tube, 500 pl of RPE buffer were added and the column was
centrifuged at 9400 g for 15 seconds. Again, the flow-through was discarded.
Subsequently, 500 pl of RPE buffer were added, the column was centrifuged at
9400 g for 2 minutes and the flow-through was discarded. The column was then
centrifuged at 9400 g for 15 seconds to dry the membrane. Finally, the column
was placed in a new tube, 40 ul of RNase-free-water were added and a
centrifugation step at 9400 g for 1 minute followed. The tube containing the
RNA was sealed and stored at -80°C until reverse transcription.

2.7.2 Reverse Transcription of RNA into cDNA

The reagents for the reverse transcription were stored at -20°C and were
vortexed, shortly centrifuged and put on ice upon thawing. The samples from
2.7.1 were immediately put on ice after thawing. The ribonucleic acid (RNA)
concentrations in the samples were determined and, in a new tube, a volume
containing 1 pl of RNA was filled up to a volume of 12,5 pl with
diethylpyrocarbonate (DEPC)-treated water. 1 ul of oligo dT-primer was added
to each sample. Subsequently, the samples were transferred to a PCR cycler
and heated for 2 minutes at 70°C. Next, 6,5 yl of a master-mix were prepared
and added to each sample (Table 7). The samples were placed in the PCR
block and incubated for 60 minutes at 42°C. Immediately after, the samples
were heated to 94°C and incubated for 5 minutes. Finally, 80 pl of DEPC-
treated water were added to each sample containing the complementary

deoxyribonucleic acid (cDNA) and the samples were stored at -20°C.

Table 7: Composition of master-mix for transcription of RNA to cDNA per sample

Reagent Volume
5xbuffer 4 ul
RNase inhibitor 0,5 ul
dNTP-Mix 1l
reverse transcriptase 1l
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2.7.3 CD276 gRT-PCR

The gRT-PCR trials were carried out with a LightCycler® 480 System. SYBR
Green was used as a fluorescence dye. As reference genes for the target gene
CD276, peptidylprolyl isomerase A (PPIA) and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were used. In a 96-well-plate, 2 ul cDNA template
was placed in each well. From the samples produced in 2.7.2, six wells were
filled with template and for every gene, two measurements were taken. 18 pl of
a master-mix prepared according to Table 8 and containing the appropriate

primer was added to each well.

Table 8: Composition of master-mix for CD276 qRT-PCR per well

Reagent Volume
SYBR Green 10 ul
Primer 2 ul
Non-template water 6 pl

A negative control was obtained by adding non-template water in a well and
adding 18 ul of the master-mix mentioned in Table 8, respectively. A technical
positive control was obtained by targeting the transgelin (TAG) gene in cDNA
obtained from smooth muscle cells. A schematic layout for preparation of the
96-well plate is shown in Figure 4. After preparation of the 96-well plate, it was
covered with a transparent film and centrifuged at 235 g for 1 minute. The

efficiencies of the primers used were as follows:

Table 9: Primer efficiencies for CD276 qRT-PCR

Gene Melting temperature (°C)  Primer efficiency
CD276 60 1,775
GAPDH 60 1,66

PPIA 60 1,787
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Figure 4: Schematic layout of the 96-well plate for the CD276 gRT-PCR

The gRT-PCR was run according to features in Table 10 for 39 cycles at 60°C.

Figure 5 shows a schematic illustration of the amplification cycles run in the

gRT-PCR. Figure 6 illustrates the melting curves of the samples in the gRT-

PCR.

Table 10: Features of CD276 gRT-PCR with temperature and time

Program Temperature Time Cycles
Denaturation 95°C 5 minutes 1
Amplification 95°-60°-72°C 10s — 20s — 30s 39
Melting Curve 95°-60°—-97°C 5s - 30s - contin. 1

Cooling 40°C 30 seconds 1
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Figure 5: lllustration of the amplification-cycles run in gqRT-PCR with temperature in °C and time
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Figure 6: Melting curves of the samples displayed with fluorescence and time (s.c. amplification cycles)

Using the Ci-Value (cycle-threshold) and the level of expression of the reference

genes, the relative expression of CD276 can be obtained as follows:

AC, = ACt(CD276) - ACt(Reference—Gene)

relative expression = 2(74¢)
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2.8 Quantification of CD276 Protein

2.8.1 Protein Extraction

To analyze the protein CD276 in the observed cell lines quantitatively, a sodium
dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) with a
consecutive Western Blot was performed. Each cell line was cultured and
processed to obtain a cell pellet as described in chapter 2.5. The pellet was
then washed with 10 ml of approximately 4°C cold PBS and subsequently
centrifuged at 200 g for 7 minutes. The pellet remained, which was suspended
in 60-200 pl RIPA+ buffer depending on the size of the pellet. It was then stored
for at least 24 hours at -80°C. Upon thawing, the samples were put on ice,
transferred to a previously cooled centrifugation tube, and then centrifuged for
20 minutes at 4°C. The supernatant was transferred to another previously

cooled centrifugation cup.

2.8.2 Protein concentration

To obtain the protein concentration in the samples, a Bradford Protein Assay
was performed. A standard curve was obtained with standard concentrations

according to Table 11.

Table 11: Standard concentrations for Bradford Protein Assay

Standard Protein conc.
S1 3,04 mg/ml
S2 1,52 mg/ml
S3 0,76 mg/ml
S4 0,38 mg/ml
S5 0,19 mg/ml
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The samples were diluted 1:4 or 1:5 with RIPA+ buffer. The results obtained
were corrected for this dilution, respectively. In a 96-well microtitre plate per well
5 yl RIPA+ buffer for a blank, standard concentrations and samples were
added. Next, 25 pl Reagent A’ consisting of Reagent A with 2% Reagent S were
added per well. Finally, 200 pl of Reagent B were added to each well, then the
plate was placed on a mechanical shaker for 5 seconds and incubated for 15
minutes. Subsequently, the absorbance was measured at 650 nm with
spectrophotometry and protein concentration values were obtained using the
standard concentration curve. In new centrifugation tube, the samples were
corrected to a protein concentration of 1 mg/ml with RIPA+ buffer. Laemmli
buffer with 5% B-mercapthoethanol was added to a value of 32%. Finally, the
samples were incubated for 10 minutes at 95°C and then stored at -20°C or

immediately analyzed in a gel electrophoresis.

2.8.3 SDS-PAGE

The components for the 8% running SDS-gel were mixed according to Table 12
and incubated at room temperature for 30 minutes to enable polymerization.
The 5% stacking SDS-gel components were mixed according to Table 13,
transferred on top of the running gel and incubated for 30 minutes to enable

polymerization.

Table 12: Components for 8% running SDS-gel for SDS-PAGE

Component Percentage
Distilled water 45,9%
30% AcyramidMix 26%
1,5M Tris, pH 8,8 26%
10% SDS 1%
10 % APS 1%
TEMED 0,1%
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Table 13: Components for 5% stacking SDS-gel for SDS-PAGE

Component Percentage
Distilled water 72%
30% AcyramidMix 16%
1,5 M Tris, pH 6,8 12%
10% SDS 0,1%
0 .
10 % Ammonium 0.1%
Persulfate
TEMED 0,01%

After complete polymerization, the gels were put in a container with running
buffer consisting of distilled water with 10% Tris-glycine and 0,1% 10% SDS
solution. The gel was loaded with 25 pl of each sample from chapter 2.8.2. 5 pl
Magic Mark was loaded as marker. The container was put on ice and the gel

electrophoresis was run at 100 V for 90 min.

2.8.4 Western Blot

The stacking gel was removed and the running gel containing the separated
proteins was transferred to a holding device together with a nitrocellulose
membrane. The holding device was placed in a container filled with transfer
buffer consisting of distilled water with 10% Tris-glycine and 20% methanol. The
transfer was run at 100 V for 90 minutes. Immediately after the transfer, the
membrane was washed 3 times for 10 minutes in phosphate buffered saline
(PBS) solution and then placed in 5% milk powder solution for 1 hour in order to
facilitate a specific antibody binding. The membrane was then washed in PBS
containing 0,1% Tween20 3 times for 10 minutes and once in PBS for 10
minutes. A primary antibody targeting CD276 was diluted 1:600 in a 5% milk
powder PBS solution, in which the membrane was incubated at 4°C on a
shaking device overnight. Subsequently, the membrane was washed 3 times for
10 minutes in PBS containing 0,1% Tween20 and once for 10 minutes in PBS.

A secondary rabbit anti-mouse horseradish peroxidase (HRP) antibody was
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diluted 1:10000 in a 5% milk powder PBS solution, in which the membrane was
placed for 1 hour at room temperature. Again, the membrane was washed 3
times for 10 minutes in PBS containing 0,1% Tween20 and once for 10 minutes
in PBS.

To obtain a digital image of the membrane, Stable Peroxidase Solution and
Luminol Enhancer Solution were mixed with equal volumes and pipetted on the
membrane. After light protected incubation for 5 minutes, the membrane was
placed on a C-DiGit® Blot scanner and an image was generated using the LI-
COR® ImageStudio™ Lite software. To quantitatively analyze the Western Blot,
signal intensities were measured for each individual band and the background
was subtracted. After the image was acquired, the membrane was washed 3
times for 20 minutes in a specific stripping solution according to Table 4 and
once for 10 minutes in PBS. For visualization of the B-actin bands as a
reference and loading control, a primary antibody targeting p-actin was diluted
1:1000 in 5% milk powder PBS solution and incubated at 4°C overnight. The
membrane was washed 3 times for 10 minutes in PBS containing 0,1%
Tween20 and once for 10 minutes in PBS. A secondary goat anti-rabbit HRP
antibody was diluted 1:2000 in 5% milk powder PBS solution, in which the
membrane was incubated at room temperature for 1 hour. After the previously
mentioned washing steps, a digital image of the membrane was acquired.

Figure 11 shows the raw and analyzed image obtained.

Table 14: Antibodies, Manufacturer and Dilution for Western Blot

Manufacturer/Reference

Antibody Number Dilution
Anti-CD276 antibody abcam/ab105922 1:600
Antl-b_eta actin abcam/8227 1:1000
antibody
Rabbit anti-aouse )
Immunoglobulins/HRP DielialFazay LHEEY
Goat anti-rabbit Dako/P0448 1:2000

Immunoglobulins/HRP
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2.9 Detection of Mycoplasma DNA with PCR

In order to exclude a possible contamination of cell cultures and samples, a
PCR detecting deoxyribonucleic acid (DNA) from mycoplasma bacteria was
performed. At 80% confluence, approximately 1 ml of growth medium was
transferred to a centrifugation tube. After incubation at 94°C for 5 minutes, the
tubes were centrifuged at 13000 g for 1 minute. The supernatant was
transferred to a new tube. The PCR was prepared in a 96-well plate. 15 yL of a
23 uL master-mix (Table 15) were mixed with 8 L SybrGreen and added to
2uL of template for a total of 25 pL per well.

Table 15: Composition of master-mix for MycoSpy gRT-PCR per well

Reagent Volume
NTW 9,3 ul
Taq polymerase 2.7 4l
puffer
primer mix 9 pl
internal control
1l
(700bp)
Taq polymerase 1l

The PCR was run with features according to Table 16.

Table 16: Features of PCR run to detect mycoplasma DNA

Program Temperature Time Cycles
Pre-Denaturation 94°C 60 seconds 1
Denaturation 94°C 30 seconds 35
Primer-Annealing 62°C 30 seconds 35
Polymerization 72°C 60 seconds 35
Final Elongation 72°C 3 minutes 1
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A 2% agarose gel was prepared and 5 pL of Gel Red Nucleic Acid stain by
Biotinum was added. A 100bp ladder was placed in one gel-pocket as
reference. 10 yL of a PCR product from a sample was transferred to a gel-
pocket together with 4 pL of loading buffer. The gel electrophoresis was run at
50 Volt for 30-60 minutes. The result was examined under UV-light. A band at

500bp would be proof of a mycoplasma contamination.

2.10 Quantification of the miRNA Transcription with gRT-PCR

2.10.1 miRNA Extraction

In order to quantify the level of mIRNA transcription in selected cell lines, a gRT-
PCR was performed. Cells were cultured, harvested and processed as
described in chapter 2.5. The resulting pellet was washed in approximately 4°C
cold PBS and subsequently centrifuged at 200 g for 5 minutes. The supernatant
was removed and the pellet was suspended in 700 pl QIAzol lysis reagent. After
incubation at room temperature for 5 minutes, 140 pl chloroform were added
and mixed well. After incubation for 3 minutes at RT, a centrifugation step at
12000 g for 15 minutes at 4°C was performed. The upper aqueous phase was
transferred to a new tube and 100% ethanol was added at 1,5 times the
volume. The solution was transferred to a RNeasy mini spin column and
centrifuged at 10000 g for 15 seconds. The flow-through was discarded and 700
Ml RWT buffer were added. After centrifugation at 10000 g for 15 seconds the
flow-through was discarded and 500 pl RPE buffer were added. The column
was centrifuged at 100009 for 15 seconds and the flow-through was discarded.
500 ul RPE buffer were added and the column was centrifuged at 10000 g for 2
minutes. The column was transferred to a new tube and centrifuged dry at
10000 g for 1 minute. 40 yl RNAse-free water were added to the column and it

was centrifuged at 100009 for 1 minute.
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The probe was filled up to 100 pl with RNAse-free water and 350 pl RLT buffer
were added and well mixed. 250 ul 100% ethanol were added and well mixed.
The entire contents of the tube were transferred to a RNeasy mini elute spin
column and it was centrifuged at 10000 g for 15 seconds. Flow-through and
collection tube were discarded and the column was placed in a new collection
tube. 500 ul RPE buffer were pipetted on the column, it was centrifuged at
10000 g for 15 seconds and the flow-through was discarded. 500 pl 80%
ethanol solution was pipetted on the column and it was centrifuged at 10000 g
for 2 minutes. Flow-through and tube were discarded and the column was
placed in a new collection tube. The column was centrifuged with an open lid to
dry the membrane at 13000 g for 5 minutes. Flow-through and tube were
discarded. The column was placed in a 1,5 ml centrifugation tube, 14 pul RNAse-
free water was pipetted on the center of the column and it was centrifuged at

10000 g for 1 minute. The samples were stored at -80°C for further processing.

2.10.2 Reverse Transcription of miRNA into cDNA

The miRNA concentration in the samples was measured using
photospectometry. The concentration was corrected to 1 pug/pl miRNA with
RNase-free water. 8ul of a master-mix (Table 17) was added to 2ul of each
sample or negative control, respectively. In the PCR block, the reverse
transcription step was performed at 42°C for 60 minutes, followed by the
inactivation of the reaction at 95°C for 5 minutes. Subsequently, the samples

were stored at -20°C until gRT-PCR performance.

Table 17: Composition of master-mix for transcription of miRNA to cDNA per sample

Reagent Volume
5 x buffer 2 ul
H20 4,5 ul
enzyme mix 1l
spike-in control 0,5 ul
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2.10.3 miRNA gRT-PCR

To obtain the efficiencies for the PCR-primers used for this gRT-PCR, a cDNA
pool from all samples was created and a dilution series up to a dilution of 1:64
was set up. In a 96-well plate, for each well 3 pl of sample or negative control
were mixed with 7 pyl master-mix (Table 18). Each primer was tested twice. A
positive control was performed. A standard curve was obtained and an
efficiency was calculated using the LightCycler® 480 Software. Table 18
displays the primers and their efficiencies. Reference miRNAs were chosen
according to Ratert et. al (2012).

Table 18: Primer efficiencies for miRNA gRT-PCR

Gene Melting temperature (°C) Primer efficiency
miR-29c¢-3p 60 1,775
miR-187-3p 60 1,66

miR-181b-5p 60 1,787
SNORD49a 60 1.9

The samples mentioned in chapter 2.10.2 were diluted 1:10. The target primers
were miR-29c¢-3p and miR-187-3p. MiR-181b-5p and SNORD49a were used as
reference primers, respectively. Results were normalized on both reference
genes and on each reference gene individually. The sequences have not been
released by the manufacturer. The gRT-PCR was run with features according to
Table 20.

Table 19: Composition of master-mix for miRNA qRT-PCR per well

Reagent Volume
2x SybrGreen 5 ul
Primer 1l
H20 1l
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Table 20: Features of miRNA gRT-PCR with Temperature and Time

Program Temperature Time Cycles
FICR el [nest 95°C 2 minutes 1
activation
2-step-cycling 95°C 10 seconds 45
denaturation
Extensions 56°C 60 seconds 45
Melting curve 40°C 60 seconds 1

2.11 CD276 Flow Cytometry

To determine the level of expression of CD276 on the cell surface, the mean
fluorescent intensities of antibody marked cells were measured using flow
cytometry. Selected cells were cultured, harvested and processed as described
in chapter 2.5. However, instead of EDTA and TrypLE™ Select, Accutase with
an incubation time of 9 minutes at 37°C and 5%CO2 was used to loosen cells
from the surface of the cell cultivation flasks. The pellet was suspended in
PFEA buffer described in Table 4. For each cell line, 1,5 ml of the suspension
containing around 40000-50000 cells was transferred to a centrifugation tube. A
negative control was added. The tubes were centrifuged for 4 minutes at 300 g
and the supernatant was decanted. 50 pl Gamunex was added. The tubes were
incubated for 20 minutes at 4°C and protected from light. Subsequently, 1 ml
PFEA buffer was added and mixed well. The tubes were centrifuged for 4
minutes at 300 g and the supernatant was decanted. The direct PE-labeled
antibody targeting CD276 was diluted 1:20 with PFEA buffer and 50 pl of the
solution was added to each tube. For the negative control, 50 pl of PFEA buffer
were added. The contents were incubated light protected at 4°C for 20 minutes.
1 ml of PFEA was added. The tubes were centrifuged at 300 g for 4 minutes.
The pellet was suspended in 300 pl of PFEA buffer. The mean phycoerythrin
(PE) fluorescent intensities of the samples were subsequently analyzed using

the LSR Il Flow Cytometer System by BD Biosciences using FloJo™ v 7.1.
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Table 21: Antibody, Manufacturer and Dilution for CD276 Flow-Cytometry

Antibody Man ufacliluurrirélzreference Dilution

PE anti-human CD276 BioLegend®/351004 1:20

2.12 Statistical Analysis

The software SPSS version 26.0 for Windows (SPSS Inc, IL, USA) was used for
statistical analysis. Differences in the means were analyzed using Man-
Whitney-Test or Student’s t test with independent variables. Correlation analysis
was performed using Spearman’s rank-order correlation. Correlation was
displayed as a value from -1 (linear negative correlation) to 1 (linear positive
correlation) for p (Rho). All data with p values less than 0,05 were considered
statistically significant.
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3 Results

3.1 Duplication Rate and Cell Culture

Urothelial carcinoma cell lines UC 5, UC 6, UC 9, UC 10, UC 13, UC 14, UC 15,
UC 16 and somatic controls labelled “HL” for probes from ureter or “BL” for
probes from urine bladder were successfully cultivated using appropriate
medias and providing optimal conditions. Morphology of growth and rate of
duplication per 24 hours was observed. No contaminations of cell cultures were
observed.
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Figure 7: Median Duplication Rate per 24 hours in somatic (n=3) and UCC lines (n=29, n=3-5 per cell line).
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Figure 7 displays the duplication rate of the examined cell lines. Somatic
urothelial cells were duplicating at a median rate of 0,193/24h. All UCC lines
had a higher duplication rate than somatic urothelial cells. UC 6 and UC 16
were duplicating fastest with a median DR of 1,01/24h and 0,943/24h,
respectively. UC 10 and UC 5 were the slowest duplicating cancer cell lines with
DRs of 0,612/24h and 0,608/24h, respectively. Correlation with other selected

data is described in chapter 3.5.

Observation of morphology and pattern of growth revealed considerable
differences. Somatic urothelial cell (A) exhibited a solitary and confined growth
pattern and cells were only forming colonies in a later stage of cultivation. UC

13 (F) displayed a similar growth pattern with a more fusiform appearance of

cells (Figure 8).

Figure 8: Cell cultures at day 7 post-seeding. A: Somatic urothelial cells; B:UC 5, C:UC 6, D:UC 9,

E:UC 10, F:UC 13, G:UC 14, H:UC 15, I:UC 16.
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While some cell lines evenly spread out, forming a homogenous monolayer,
other cell lines grew in groups. Cell lines UC 6 (C), UC 10 (E) and UC 15 (H)
formed a loosely attached cluster of cells with some solitary cells. Cell lines UC
5(B), UC 9 (D), UC 14 (G) and UC 16 (I) were forming tightly packed clusters of
cells, even early in the cultivation phase. These cell lines also required a higher
concentration of Trypsin with a longer incubation time in order to loosen cell-to-

flask adherence. Almost no solitary, disseminated cells were detected.

As described in chapter 2.9, all cell cultures were tested for a possible
contamination with Mycoplasma bacteria. All cell cultures used in this work were
tested negative.
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3.2 Expression of CD276 mRNA

To quantify the amount of CD276 mRNA expressed by each cell line, a gRT-
PCR was performed. PPIA and GAPDH were chosen as stable reference
genes. Somatic urothelial cells had a median CD276 mRNA expression of
0,1005 (0,707 — 0,1008).
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Figure 9:Median level of CD276 mRNA expression in somatic (h=4) and UCC cell lines (n=3 per cell line,
except UC10 and UC13 n=2). Values are relative to reference genes PPIA/GAPDH.
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As seen in Figure 9, only cell line UC 10 had a higher level of median CD276
MRNA expression than somatic urothelial cells. A group of UCC lines consisting
of UC 9, UC 15 and UC 5 expressed a moderate level of CD276 mRNA. UCC
lines UC 14, UC 6, UC 16 and UC 13 had a median CD276 mRNA expression
of 50% or lower than somatic urothelial cells. Exact values of all analyzed cell

lines are displayed in Table 22.

,1500

. Overall median expression in

£ T UCCs was 0,061 (0,034 —

% ’—‘ 0,089) and therefore lower than

g 0% i median expression in somatic

) - urothelial cells (0,101 (0,707 —
- Somatic Gontrl uee 0,101), as displayed in Figure

10. Correlation with other
Figure 10: Median level of CD276 mRNA expression in

somatic urothelial cells (n=4, 0,101 (0,707 — 0,101)) and selected data is described in
UCCs (n=22, 0,061 (0,034 — 0,089)). Values are relative to
reference genes PPIA/GAPDH. chapter 3.5.

Table 22: Median CD276 mRNA expression of analyzed UCC lines and somatic control cells with
percentiles.

Cell Line Median CD276 mRNA expression
Somatic Control 0,1005 (0,707 — 0,1008)
uc 13 0,026 (0,023 - 0,029)
uC 16 0,034 (0,027 — 0,037)
uc 6 0,039 (0,031 - 0,045)
ucC 14 0,045 (0,040 — 0,061)
uc 15 0,077 (0,076 — 0,100)
ucs 0,079 (0,069 — 0,084)
uco 0,093 (0,077 - 0,116)
uC 10 0,106 (0,090 — 0,121)
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3.3 Expression of CD276 Protein

To quantitively asses the amount of CD276 Protein expression in each cell line,
an SDS gel electrophoresis followed by a Western Blot immunoblot was
performed. Somatic urothelial cells from clinically tumor free bladder and ureter

tissue served as control.
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Figure 11: Western Blot for CD276 and b-actin. A: Immunoblot with antibodies staining CD276 and bands
at 120 kDa. B: Evaluation of CD276 staining intensity with Image Studio™ Lite software. C: Immunoblot
with antibodies staining b-actin and bands at 50 kDa. D: Evaluation of b-actin staining intensity with Image
Studio™ Lite software.
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CD276 protein expression was calculated as a ratio of CD276 to b-actin, as b-

actin was proven to be a stable housekeeping gene with a steady level of

expression in different types of cells.

CD276 Protein expression relative to b-Actin
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Figure 12: Median CD276 protein expression in UCC lines (n=3 per cell line) compared to somatic
urothelial cells (n=2). Level of expression is displayed as ratio to b-Actin protein expression.

UCC lines can be sorted into groups according to their level of protein

expression. UC 5 had the highest level of protein expression relative to p-actin

with around twice as much as somatic urothelial cells. A group consisting of UC
9, UC 14 and UC 10 expressed CD276 protein slightly higher than somatic
urothelial cells. The last group of cells consists of UC 6, UC 16, UC 15 and UC

13 with protein expression lower than somatic urothelial cells. Figure 12 shows

the median CD276 protein expression according to cell line. Figure 13 displays

the median protein expression of all analyzed UCCs compared to somatic

urothelial cells. Correlations with other analyed data are described in 3.5.
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2000

CD276 Protein relative to b-Actin

0000
Somatic Control ucc

Figure 13: Median level of CD276 protein expression in
somatic urothelial cells (n=2, 0,247 (0,220 — 0,275)) and
UCCs (n=24, 0,244 (0,155 - 0,392)). Values are relative to
reference gene b-Actin.

Table 23: Median CD276 protein expression relative to b-Actin by cell line.

Cell Line Median CD276 Prof[ein relative to b-
Actin

HL 19/3 (Somatic Control) 0,247 (0,220 — 0,275)
uc 13 0,12204 (0,12201 - 0,170)
uc 15 0,142 (0,131 - 0,260)
ucC 16 0,159 (0,148 — 0,168)
Uc 6 0,209 (0,171 — 0,224)
ucC 10 0,262 (0,251 — 0,396)
ucC 14 0,322 (0,295 — 0,384)
uco 0,334 (0,291 — 0,430)
Ucs 0,483 (0,460 — 0,600)
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3.4 Expression of CD276 on the Cell Surface

The molecule CD276 is ultimately transported to the cell surface and integrated
in the cell membrane. To quantify the expression of CD276 on the cell surface,
staining with fluorescent antibodies and subsequent measurement of mean

fluorescence using Flow-Cytometry was carried out.
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Figure 14: Mean CD276 fluorescence intensities on cell surface of somatic urothelial cells (h=1) and UCCs
(n=1 per cell line) by cell line.
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Figure 15: Mean fluorescence intensities of UCC lines stained with anti-CD276 antibodies. BL 18/22 is
displayed as exemplary urothelial control cell. Left peak shows the negative control, right peak shows the

PE-A positive cells

Figure 15 shows the mean fluorescence of somatic urothelial cells and UCC

lines stained with anti-CD276 antibodies and analyzed by flow cytometry.

Controls with IgG1 isotype staining provided evidence for specific binding of this

antibody (not shown). UC 13 was the only cell line with a mean fluorescence

intensity less than that of somatic urothelial cells. UC 6, UC 16 and UC 10 all

had a moderate fluorescent intensity of around 8000, which is around twice as
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much as somatic urothelial cells. UC 14, UC 9 and UC 5 had a high expression

on the surface with a mean fluorescence intensity of around 10000. The highest

mean fluorescent intensity was emitted by cell line UC 15 with around 15000.

Exact values are displayed in Figure 14 and Table 24. The overall median
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Figure 16: Median CD276 fluorescence intensity of somatic
urothelial cells (n=2, 4361 (4088 — 4634)) and UCCs (n=8,

9352,5 (7538 — 10900)).

fluorescence intensity of all
UCCs stained with anti-CD276
antibodies was 9352,5 (7538 —
10900), therefore around twice
as much as that of somatic
urothelial cells (see Figure 16).
Correlation with other data is
displayed in chapter 3.5.

Table 24: Mean CD276 fluorescence intensities of analyzed cells.

Cell Line

Mean CD276 fluorescence intensity

uc 13
uceo
ucC 16
uc 10
ucC 14
uco9
ucs
ucC 15

Somatic Control (HL 18/24 + BL 18/22)

4361
3904
6799
8277
8605
10100
10600
11200
15200
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3.5 Correlation of CD276 mRNA-, Protein- and Surface-Expression
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Figure 17: Correlation of duplication rate with selected data. Each point represents data for a specific cell
line and measurement. p=Spearman's rank correlation coefficient. Addition of linear trend line. *Correlation
is significant at the 0,05 level.
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Figure 18: Correlation of CD276 mRNA expression with selected data. p=Spearman'’s rank correlation
coefficient. Each point represents data for a specific cell line and measurement. p=Spearman'’s rank
correlation coefficient. Addition of linear trend line.

* Correlation is significant at the 0,05 level ** Correlation is significant at the 0,01 level
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Figure 19: Correlation of CD276 protein expression with selected data. p=Spearman's rank correlation
coefficient. Each point represents data for a specific cell line and measurement. p=Spearman's rank
correlation coefficient. Addition of linear trend line. * Correlation is significant at the 0,05 level
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coefficient. Each point represents data for a specific cell line and measurement. p=Spearman'’s rank
correlation coefficient. Addition of linear trend line. * Correlation is significant at the 0,05 level
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In order to evaluate if the data obtained were in correlation with each other, a
Spearman’s correlation coefficient was obtained. Figure 17, Figure 18, Figure
19 and Figure 20 graphically illustrate the correlation and the correlation
coefficient. Data obtained from a certain cell line in a category (e.g. duplication
rate) is displayed with data of another category (e.g. CD276mRNA expression)
obtained from the same cell line as a single dot in the graph. A linear trend line
has been added to visualize the correlating trend. The correlation itself is best
represented by Spearman’s correlation rank coefficient (o). Duplication rate of
cells had a significant negative correlation with CD276 mRNA expression (po=-
0,475) and CD276 protein expression (p0=-0,417). It correlated positively with

CD276 surface-expression (0=0,240), however not statistically significant.

CD276 mRNA expression correlated moderately positive with CD276 protein
expression (p=0,660) and strongly positive with CD276 surface-expression
(0=0,810). Furthermore, CD276 protein expression correlated moderately
positive with CD276 surface-expression (0=0,619), however not statistically

significant.
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3.6 miRNA Primer Efficiencies and Reference miRNAs

To the best of my knowledge, most of the in 2.10 mentioned miRNA primers
have not been tested on the UCC lines investigated in this thesis. In a first step,
it was to be evaluated, whether these primers were working in a PCR with the
genetic material obtained by the UCCs. A primer efficiency at a melting

temperature of 60°C had to be obtained.

Out of all primers tested on a cDNA pool of UCC lines UC 6, UC 16, 5637, Cal-
29, TCC, 253J and HT1197, only primers for miRNA 29c, miRNA 187, miRNA
181b and SNORD49a were able to produce results. Calculated primer

efficiencies are shown in Table 18. An exemplary standard curve is displayed in
Figure 21.
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Figure 21: Exemplary gRT-PCR amplification curve with a calculated standard curve for miR-181b-5p.
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3.7 Expression of miRNA 29¢ and miRNA 187

To quantify the expression of miRNA 29¢ and miRNA 187 in UCC lines and
somatic urothelial cells, a gRT-PCR was run. MiR 181b and SNORD49a were
used as reference genes. Values were normalized on somatic urothelial cell

expression to visualize divergences.

3.7.1 Expression of miRNA 29c

Figure 23 shows the expression of miRNA 29c in selected UCC lines compared
to urothelial cells. All cell lines, except 253J, show an expression lower than that
of urothelium. Cal-29 and HT1197 are cell lines expressing miRNA 29c the
lowest. UC 6, UC 16 and 5637 have a moderate expression of miRNA 29c.
mIRNA 25¢ Expression TCC expression is slightly
lower, and 253J moderately
* higher than that of urothelium.

Table 25 shows the exact

1000 — mean values with standard

— deviation. Median expression

- of miRNA 29c¢ in UCC lines
Somatic Control uccC

miRNA29c expression

combined was significantly

lower compared to expression
Figure 22: Relative median expression of miRNA 29c in UCC

cell lines (n= 20, 0,577 (0,484 — 1,193)) compared to somatic in somatic urothelium (see
urothelium (n=4, 1,00). Normalized on somatic urothelium.

*p<0,05 Figure 22).
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miRNA 29c Expression
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Figure 23: Relative mean expression of miRNA 29c in UCC cell lines (n=3 per cell line, except 253J n=2)
with standard deviation. Values are normalized on somatic urothelial control cells. *p<0,05, **p<0,01

3.7.2 Expression of miRNA 187

Figure 24 shows the expression of miRNA 187 in UC compared to somatic

urothelium, respectively. UCC line TCC shows no detectable expression of
mMiRNA 187, cell line 253J shows minimal expression of miRNA 187. UC 16 and

5637 express miRNA 187 at a low level compared to somatic urothelium. UC 6,

miRNA 187 Expression

4,000
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2,000

miRNA187 Expression

000

Somatic Control

Figure 24: Relative median expression of miRNA 187 in UCC
cell lines (n=15, 0,156 (0,005 — 1,415)) compared to somatic
urothelium (n=4, 1,00). Normalized on somatic urothelium.
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was lower compared to expression in somatic urothelial cells, however not

significantly. Table 25 displays the exact mean expression values with standard

deviation.

miRNA 187 Expression
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Figure 25: Relative mean expression of miRNA 29c in UCC lines (n=2 per cell line, HT1197 n=3) and
somatic urothelium (n=4) with standard deviation. Values are normalized on somatic urothelial control

cells. *p<0,05

Table 25: Mean miRNA 29c and miRNA 187 expression of UCC lines and somatic urothelial cells (HL).
Results are normalized on somatic urothelium and standard deviation is displayed. (HL=Harnleiter)

Cell Line mMiRNA 29c mMiRNA 187
SEEN Sﬁnltg/"lg;L Lo 1,000 (0,000) 1,000 (0,000)
uce 0,677 (0,096) 1,281 (0,133)

ucC 16 0,672 (0,664) 0,123 (0,002)

cal-29 0,460 (0,185) 1,845 (0,609)

5637 0,764 (0,501) 0,113 (0,060)

TCC 0,953 (0,415) 0,000 (0,000)

2537 1,533 (0,111) 0,005 (0,001)

HT1197 0,515 (0,041) 2,521 (1,223)
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4 Discussion

4.1 UCC Line Selection and Morphology

The reasons for choosing specific established cell lines were diverse. First of
all, the goal was to provide a base for further research focusing on CD276.
Established cell lines can give studies a higher inter-experimental comparability.
Growing conditions of these cell lines can be standardized. Also, these cell lines
are readily accessible. Ethical concerns and errors in methods (e.g. sample
collection) can be decreased (Kaur and Dufour, 2012). Previous work on CD276
was carried out on other selected UCC lines. To the best of my knowledge, the
data obtained in this work has not been obtained on these specific UCC lines up
to this date. However, the downside of working with established cell lines is, that
results obtained cannot be directly linked to a patient’s history or other clinical
data. Even today, a lot of cell lines are subject to cross-contamination and
presents a problem when working with established cell lines (Capes-Davis et
al., 2010).

As described in chapter 3.1, the morphology of the cells in culture was different
for each cell line. Cell line UC 13 was the only cell line, which did not organize
into groups or clusters (Figure 8). Remarkably, it was also the cell line
expressing CD276 lowest on mRNA, protein and cell surface level out of all cell
lines examined. CD276 could potentially also play a role in the structure and
organization of tumor cells. Cell lines UC 6, UC 10 and UC 15 were forming
loosely attached colonies. It may be possible, that in these cell lines the
epithelial-mesenchymal-transition (EMT) is further progressed than in the cell
lines forming tightly packed colonies. Observations supporting this hypothesis
were made during cell processing. Cell line UC 5 was forming a tightly packed
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cluster of cells and when treated with proteases in order to loosen cell-to-cell
and cell-to-ground connections, this cell line had to be treated with a higher

concentration and longer incubation time than other cell lines.

Elevated CD276 is known to correlate with low E-cadherin expression in tumor
cells (Jiang et al., 2016b). Another hypothesis is that these cell lines might be
taken from a tumor at a higher stage, in which migration was further progressed
than in tumor cells at a lower stage. However, no clinical correlation can be
made in this case. As expected of tumor cells, all UCC lines had a higher
proliferation rate than somatic urothelial cells in vitro. However, proliferation of
cells correlated moderately negative with CD276 expression on mRNA and
protein level. This may seem controversial, as in the literature, CD276
expression correlated with proliferation marker Ki-67 in epithelial tumor cells
(Pizon et al., 2018) and is associated with increased tumor proliferation and
progression (Dong et al., 2018). CD276 does not seem to control the
proliferation of bladder cancer cells. Another explanation for this discrepancy
may be the difference in the microenvironment between in vitro and in vivo
growth. The molecular mechanisms, by which CD276 facilitates tumor growth
and progression are beneficial for tumors in vivo. Mechanisms for degradation
of the ECM are powerful tools of tumor cells for the process of migration and
invasion. However, overexpression of MMPs (Tekle et al., 2012) or increasing
IL-8 and VEGF expression (Xie et al., 2016) will most likely not help cells
proliferate in cell culture flasks. Moreover, slower and potentially more
organized growth may help tumor cells in evading the immune system or
keeping selection pressure low. In cell culture, somatic urothelial cells are
maintained in media facilitating proliferation. Thus, at least in vitro, normal cells
are possibly dividing at unphysiologically high rates. This may distort analyses
of correlations between expression of CD276 and cell proliferation of both,
somatic urothelial cells as well as UCC lines. This hypothesis is corroborated by
our recent preliminary studies showing high CD276 expression in the slow
growing UCC line HT1197 (unpublished observation from different research

group in the laboratory of Prof. Dr. Aicher, not shown).
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4.2 CD276 Expression

Results of the gRT-PCR for CD276 mRNA showed a variable expression in the
selected UCC lines. All UCC lines, except UC 10, expressed a median CD276
MRNA level equal or less than somatic urothelial cells. Unfortunately, no
connection to tumor stage can be made in these selected UCC lines, as for
most cell lines tumor stage is unkown. As CD276 mRNA expression is
associated with tumor stage in bladder cancer (Li et al., 2017), it is likely that
the UCC lines investigated are taken from a tumor at a lower stage. CD276
MRNA expression as a biomarker for bladder cancer has therefore to be viewed
critically. However, it could be a useful marker for differentiation of tumor cells
into higher or lower tumor stages in bladder cancer samples.

The origin of somatic urothelial cells was confirmed via AE1/AES3 staining and a
possible tumor transformation is very unlikely. A possible population of sub-
clones may have developed in the UCC cell lines, as they have undergone
passaging multiple times (e.g. UC 6 109 times or more). As mentioned in
chapter 3.1, contamination with mycoplasma bacteria and a consequent down-
or up regulation of CD276 mRNA expression has been considered and ruled
out by testing of cell cultures. This is especially important, since CD276 was
observed to be elevated in children with mycoplasma pneumonia (Chen et al.,
2013). In cutaneous melanoma, CD276 was found to be involved in epigenetic
regulatory activity (Wang et al., 2013). A possible epigenetic regulation of
CD276 expression itself must be considered, as well. Overall, the analyzed
UCC lines could be useful, when examining possible mechanisms of
upregulation of CD276. Changes in CD276 expression (e.g. upregulation) by
altering molecular mechanism would be observed very prominently in these
UCC lines.

Examination of CD276 protein expression of the selected UCC lines yielded no
clear linear results expected from CD276 mRNA expression. SIRNA and miRNA

most likely play a post-transcriptional role in the regulation of CD276 expression
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and are further discussed in chapter 4.4. Cell line UC 13 expressed CD276 on
MRNA and protein level lowest out of all cell lines examined. In this cell line it
can be assumed, that post-transcriptional regulation does not play a significant
role. Equally, UC 6 and UC 16 have very low expression levels of CD276
MRNA and protein, suggesting only a minor post-transcriptional regulation. UC
5, UC 9, UC 10, UC 14 and UC 15 will have to be subjects to further studies
concerning miRNA regulation. All in all, calculated correlation shows a
moderate association of CD276 mRNA and protein expression, which supports

the hypothesis of other regulatory factors, such as miRNAs.

In contrast to CD276 expression on mRNA and protein level, expression of
CD276 on the surface of cells was remarkably higher for UCC cells. Only cell
line UC 13 had a lower expression on the surface when compared to somatic
cells, forming a link to its equally low expression of CD276 on mRNA and
protein levels. The noticeably higher findings for the remaining UCC lines
indicate further mechanisms beyond regulation by miRNAs. There is a strong
correlation between CD276 mRNA expression and CD276 surface expression
(Spearman’s p=0,810, p<0,05) and an only moderate and not significant
correlation between CD276 protein expression and CD276 surface expression
(Spearman’s p=0,619, p>0,05). CD276 protein expression as a biomarker may
therefore not be able to yield reliable information. CD276 mRNA expression
combined with CD276 surface expression will most likely give the most accurate
information about levels of CD276 in a tumor cell.

For another member from the superfamily of immune checkpoint molecules,
PD-L1, multiple regulating factors have been identified. IFN-y, STAT-1 and JAK
pathways were shown to regulate PD-L1 expression on a transcriptional and
post-transcriptional level (Mamessier et al., 2018). However more importantly,
two studies identified CMTM6 (Chemokine-like factor-like (CKLF) MARVEL
Transmembrane domain containing family Member 6) as a regulator of
expression at the cell membrane without modifying mRNA expression levels
(Burr et al., 2017, Mezzadra et al., 2017). CMTM6 had a stabilizing effect on

PD-L1 by preventing its ubiquitination. Similar regulators will have to be
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explored for CD276 and the resulting data may be able to explain the variable
expression levels. Other mechanisms of regulation or induction may be hypoxia
or the exposure to lipopolysaccharides (LPS) from gram-negative bacteria.
These bacteria are also the main pathogens associated with urinary tract
infections. Until further regulation is explored, anti-CD276 therapy should aim at
the surface of tumor cell to exhibit a maximum therapeutic effect. In normal
urothelium from patients with UC >pT3a, CD276 expression is significantly
lower than in UC <pT3a, recommending a use of anti-CD276 therapy in later
stages (Aicher et al., 2021). Overall, UCC cell lines will have to be chosen
carefully in future studies and variances between different cell lines will have to

be considered.

4.3 Establishing miIRNA Target and Reference Genes

To quantify miRNA expression levels in the selected UCC lines, primer
efficiencies for a subsequent gRT-PCR had to be established. According to
Ratert et. al (2012), several references miRNAs had been identified in urothelial
cell carcinomas. These included a combination of four (miR-101, miR-125a-5p,
miR148b, and miR-151-5p) or three (MiR-148b, miR-181b, and miR-874)
mMiRNAs for normalization. Multiple reference genes for RNA RT-PCR
normalization are recommended over single reference genes (Bustin, 2002,
Tricarico et al., 2002). Genetic mutations in the examined UCC lines might
explain why primers for miRNAs 29a, 874, 148b, 539 and 524 were not able to

give results in the respective experiments.

Assuming correct handling of probes and reagents, epigenetic silencing of
certain miRNAs in these UCC is also possible mechanism explaining lack of
results in primer efficiency testing. A possible link between epigenetic silencing
of miRNAs and development of bladder cancer has been established previously
(Shimizu et al., 2013).
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Overall, spike-in controls may serve as an alternative normalization method in
mMiRNA quantification in UCC cell lines. Spike-in controls have proven to provide
a useful tool for process control, as the copy number can be spiked with a
known amount and they do not display a significant cross-reactivity with any
human miRNA (Redshaw et al., 2013). An increased amount of genetic material
in the cDNA pool from UCC cell lines might also yield more consistent results.

These factors must be considered in future miRNA gRT-PCRs.

4.4 miRNAs as Tumor Suppressors in UCC Lines

MiRNA expression levels were examined in UCC lines UC 6, UC 16, 5637, Cal-
29, TCC, 253J and HT1197. These cell lines were chosen according to their
CD276 protein expression, as miRNAs presumably have the highest regulatory
impact on this level of expression. Previous studies showed UC 6 and UC 16
expressing low level of CD276 protein compared to somatic urothelial cells.
5637 and Cal-29 represent a group of cells expressing moderate protein levels
of CD276. TCC was chosen as a well-established UCC reference cell line with a
moderate to high CD276 protein expression. 253J and HT1197 were UCC cell
lines with the highest level of CD276 protein expression (unpublished results of

research group of Prof. Dr. Aicher, not shown).

4.4.1 miRNA 29c

The results show that in some UCC lines miRNA 29c seems to be
downregulated, while in others, expression is not affected or even upregulated.
Upregulation of miRNAs in UCC is not uncommon, in fact, the first discovery of
altered miRNA expression in UCC included upregulation of over 10 miRNAs
(Gottardo et al., 2007). Low expression of miRNA 29c is associated with
decreased progression-free-survival and has been found to be downregulated
about 2-fold in progressing tumors (Dyrskjgt et al., 2009). This downregulation

can be confirmed in cell lines UC 6, Cal-29 and HT1197. Upregulation and
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strongly varying results in other cell lines raises the question of other up- or

downstream changes for miRNA 29c.

Different mechanisms for the role of miRNA 29c¢ downregulation in tumor
progression and carcinogenesis have been proposed. CDKG6 is a direct target of
MIiRNA 29c in bladder cancer and regulates cell growth and invasion (Zhao et
al., 2015). It was also found to be involved in the PISK/AKT signaling pathway
regulating apoptosis (Fan et al., 2014). In other types of cancer, multiple targets
have been identified (DNMT3A, DNMT3B, p85alpha, CDC42, Bcl-2, Mcl-1,
CCND2, and E2F7) (Morita et al., 2013, Park et al., 2009, Li et al., 2012).

In cell line HT1197, it can be assumed that miRNA 29c plays a major role in
regulation of CD276 protein expression. As shown in Figure 26, downregulation
of mIRNA 29c leads to overexpression of CD276 and may therefore be a crucial
factor in carcinogenesis and tumor progression in UCC. It may therefore
function as a tumor suppressor. Cal-29 results support this theory, although not
as strongly. For further studies on miRNA 29c as a tumor suppressor in UCC,
HT1197 is highly suggested.

miRNA 29¢ ﬂ I ICD276/B?-H3

040

miRNA29c Expression

0,00

HT1197 Somatic Control

Figure 26: miRNA 29c as a tumor suppressor in cell line HT1197.
Mean expression in cell line HT1197 compared to somatic urothelium
and its effect on CD276 protein expression.

60



Discussion

4.4.2 miRNA 187

The results of this work support the complex role of miRNA 187 in tumors. It
was found to be overexpressed in ovarian cancer and associated with a better
prognosis (Chao et al., 2012). In other cancers such as ccRCC (clear cell Renal
Cell Carcinoma), miRNA 187 was found to be downregulated and proposed as
a tumor suppressor by targeting CD276 (Zhao et al., 2013). In bladder cancer
tissue, miRNA 187-5p was found to be upregulated and associated with higher
risk of recurrence (Li et al., 2018b). These contrasting findings are also
observed in this study, however miRNA 187-3p has been analyzed. A possible
overexpression of CD276 by downregulation of miRNA 187 cannot be clearly
observed. Cell lines UC 16, 5637 and 253J are cell lines expressing miRNA 187
significantly lower and CD276 protein only moderately higher than somatic
urothelium. CD276 as a direct target of miRNA 187 must be viewed critically in
bladder cancer. The role of mMiRNA 187 as a tumor suppressor in bladder
cancer cannot be confirmed according to this work. Up- or downregulation of
MiRNA 187 may underly tissue specific mechanisms. Furthermore, miRNAs
themselves are subject to a complex control. Regulation of miRNA gene
transcription by transcription factors, miRNA processing and regulation of
mMiRNA function are possible control mechanisms (Krol et al., 2010). Several of
these control mechanisms might be altered in these UCC lines, as well. The
exploration and detection of these mechanisms in urothelial carcinomas will

have to be subject to future studies.

Overall, in different UCC lines different miRNAs appear to be the regulating
factors for CD276. Tumor stage and progression play a major role in the extend
of mMiRNA expression changes and should be accounted for. MiRNA expression
may change throughout the process of tumorigenesis and progress, as some of
its functions may be beneficial for the progress of tumor cells, while others may
be harmful. For HT1197, results strongly suggest miRNA 29c as a regulator of
CD276. To understand, if mMiRNAs are a possible therapeutic concept or clinical
biomarker, tumor samples should be further sub-classified. This work confirms

that tumors are a heterogenous construct rather than a uniform group of cells.

61



Discussion

Molecular classification and sub-division of tumor cells will be necessary to

effectively interpret biomarkers such as miRNAs or molecules like CD276.

4.5 Conclusion

In contrast to other UCC lines investigated previously (e.g., HT1197, Cal 29 and
others) this study provided evidence that the expression of CD276 in most of
the UCC lines investigated here (urothelial carcinoma UC5 to UC16), is not
elevated in relation to somatic urothelial cells. However, proliferation rates of
analyzed UCC lines were significantly higher than those of somatic urothelium.
The inverse correlation between cell proliferation and CD276 mRNA expression
may be a marker for tumor stem cells. Tumor stem cells generally have a lower
proliferation rate and CD276 expression may therefore indicate tumor stem cell
origin (Rossi 2020). Growth morphology showed UCC lines mostly growing in a
cluster-like formation with some UCC growing more loosely. These findings
suggest different stages of epithelial-mesenchymal transition (EMT) in different
UCC cell lines.

Results of CD276 mRNA expression revealed a low median expression in
analyzed UCC lines, with only cell line UC 10 expressing CD276 mRNA higher
than somatic urothelium. Overall CD276 protein levels were slightly lower in
UCC lines compared to urothelium. Only three UCC lines had protein levels
higher than somatic urothelium. However, on the cell surface of analyzed UCC
lines, CD276 expression was higher than that of somatic urothelium. This
provides further evidence for the complex regulation of this molecule. CD276 as
a clinical biomarker has therefore to be viewed critically and anti-CD276 therapy

should aim at cell surface expression to achieve maximal effects.

CD276 mRNA expression correlated moderately with CD276 protein expression
and strongly with CD276 surface expression. Duplication rate of cell lines
correlated inversely with CD276 mRNA and protein expression. Further

regulation of CD276 transcription and translation by unknown factors must be
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assumed. Cell surface receptor recycling may play a major role in the

expression levels of CD276.

In UCC lines expressing CD276 protein on low, moderate or high levels, miRNA
expression was analyzed. For miRNA 29c a regulatory role of CD276 in bladder
cancer can be assumed, especially in cell line HT1197. It may function as a
tumor suppressor by decreasing CD276 expression. The complex role of
miRNA 187 seen in other tumors could be observed in this work, as well.
CD276 may only be an indirect target for regulation by miRNA 187, other
factors must be considered in the regulation of CD276 by miRNA 187 in bladder

cancer.

Drawing these conclusions may help understanding the complex regulation of
CD276 on a cellular level. Results underline the heterogenous character of UC
and recommend a molecular sub-classification in patients for optimal treatment.
An individual approach to each patient based on a variety of genetic markers
may be able to give better treatment options and therapeutic success in the

future.
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S5 Summary

Bladder cancer ranks among the 10 most common forms of cancer and is
responsible for approximately 200,000 deaths annually. Between 90 to 95% of
bladder cancers consists of urothelial carcinoma cells. A variety of features are
characteristic for these tumor cells. One of these features is the evasion of the
immune system. CD276 alias B7-H3 is a molecule from the superfamily of
immune checkpoint molecules, which is suspected to have a co-inhibitory effect
on the anti-tumor response and thereby helping tumor cells in the evasion of the
immune system. It is overexpressed in a variety of different cancers, including
bladder cancer and is associated with a poor prognosis and decreased overall
survival. Furthermore, CD276 expression is believed to be regulated by
mMiRNAs. MIRNA 29c¢ and miRNA 187 may act as tumor suppressors by
decreasing CD276 expression in cells.

The aim of this work was to quantify expression levels of CD276 in urothelial
carcinoma cell lines UC 5, UC 6, UC 9, UC 10, UC 13, UC 14, UC 15 and UC
16 in comparison to somatic urothelial cells. Furthermore, expression levels of
mMiRNA 29c¢ and miRNA 187 were analyzed in selected UCC lines to confirm
their regulatory role in UCC. The cells were examined for growth pattern and
proliferation. Measurement of CD276 mRNA levels was executed by gRT-PCR.
To quantify CD276 protein expression, an SDS-gel-electrophoresis followed by
a Western Blot was performed. Expression of CD276 on the cell surface was
observed by flow cytometry. To understand the regulation of CD276 expression
by miRNAs, urothelial carcinoma cell lines UC 6, UC 16, Cal-29, 5637, TCC,
253J and HT1176 were chosen according to low, moderate and high CD276
protein expression. In these cell lines, expression levels of miRNA 29c¢ and
MIiRNA 187 were quantified by gRT-PCR. Possible Mycoplasma contaminations
of cell cultures have been tested for and ruled out. Results of proliferation and
growth pattern data revealed a higher proliferation rate in all UCC cell lines
compared to somatic cells. UCC cells were mostly growing in a tight cluster-like
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formation, while somatic cells formed loose colonies. CD276 mMRNA expression
analysis revealed a low median expression in analyzed UCC cell lines, with only
cell line UC 10 expressing CD276 mRNA higher than somatic urothelium.
CD276 protein expression was highest in UCC line UC 5 with around twice as
much as in somatic. Other UCC lines expressed CD276 protein moderately or
low. In all UCC lines except UC 13, surface expression of CD276 was higher
than on somatic urothelial cells. In order to quantify miRNA expression in
selected UCC lines, target and reference genes had to be established. MIRNA
29c and miRNA 187 were established as target genes, SNORD49a and miRNA
181b were established as reference genes. Results showed downregulation of
MIiRNA 29c in UCC line HT1197 and Cal-29. Overall expression of miRNA 29c
in analyzed UCC lines was significantly decreased. In UCC lines UC 16, 5637
and 253J, miRNA 187 expression was significantly decreased. Duplication rate
correlated negatively with CD276 mRNA and protein expression. CD276 mRNA
expression correlated moderately with CD276 protein expression and strongly
with CD276 surface-expression.

Different growth patterns of UCC lines may result from uneven progression in
Epithelial-Mesenchymal-Transition (EMT), as CD276 overexpression correlates
with low E-cadherin expression. Because of its variable expression in UCC
lines, CD276 mRNA expression as a biomarker for bladder cancer must be
viewed critically. Furthermore, analyzed UCC lines may have formed sub-
clones with different genetic expressions, while undergoing passaging. The lack
of clear linear correlations between CD276 mRNA, protein and cell surface
expression is most likely due to complex regulatory mechanisms. Regulatory
mechanisms for CD276 include regulation by miRNAs. In UCC lines HT1197
and Cal-29, miRNA 29c expression was downregulated. Downregulation of
mMiRNA 29c leads to overexpression of CD276 and may therefore be a crucial
factor in tumor progression and immune evasion of UCC. On the other hand, a
possible overexpression of CD276 by downregulation of miRNA 187 cannot be
clearly observed. Results of this work underline the heterogenous character of
UCC and recommend a molecular sub-classification in patients for optimal

treatment.
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Das Blasenkarzinom ist eines der 10 haufigsten Krebsarten weltweit und ist
verantwortlich fir bis zu 200 000 Todesfalle jahrlich. Zwischen 90 und 95%
dieser Blasenkarzinome sind Urothelkarzinome. Eine Reihe von Merkmalen
zeigt sich charakteristisch fur diese Tumore. Eines dieser Merkmale ist die
Fahigkeit, sich dem korpereigenen Immunsystem zu entziehen. CD276 alias
B7-H3 ist ein Molekll aus der Superfamilie der Immune-Checkpoint-Molekile
und steht im Verdacht durch einen Co-Inhibitionseffekt auf die Anti-Tumor-
Antwort es Tumorzellen zu ermoglichen, sich dem Immunsystem zu entziehen.
CD276 wird in einer Reihe von Tumoren Uberexprimiert, darunter Blasenkrebs,
und ist mit einer schlechteren Prognose und einem geringen Gesamtiberleben
assoziiert. MiRNAs stehen im Verdacht, die Expression von CD276 zu steuern.
MiRNA 29c und miRNA 187 kénnten hierbei als Tumorsuppressoren die
Expression von CD276 vermindern. Ziel dieser Arbeit war es, die Expression
von CD276 in Urothelkarzinom-Zelllinien UC 5, UC 6, UC 9, UC 10, UC 13, UC
14, UC 15 und UC 16 zu untersuchen. Des Weiteren wurde die Regulation der
Expression von CD276 durch miRNA 29c und miRNA 187 in ausgewahlten
Urothelkarzinom-Zelllinien untersucht. Die Zellen wurden auf ihr
Wachstumsverhalten und ihre Proliferationsgeschwindigkeit hin untersucht. Die
Expression von CD276 mRNA wurde durch ein gRT-PCR quantifiziert. Die
Expressionslevel von CD276 auf Proteinebene wurden durch eine SDS-
Gelelektrophorese gefolgt von einem Western-Blot analysiert. Zur
Quantifizierung der Expression von CD276 an der Zelloberflache wurde eine
Flow-Zytometrie durchgefuhrt. Um die Regulation von CD276 durch miRNAs zu
untersuchen, wurden UCC Zelllinien UC 6, UC 16, Cal-29, 5637, TCC, 253J
und HT1176 anhand niedriger, moderater und hoher Expression von CD276
Protein ausgewahlt und mittels gRT-PCR analysiert. Alle Zellkulturen wurden
auf eine mogliche Kontamination durch Mykoplasmen tUberprift. Die Ergebnisse
der Wachstumsanalyse und Proliferationsraten zeigte eine schnellere

Proliferation in UC Zellen im Vergleich zu somatischen Zellen. UC Zellen
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wuchsen meist in engen Cluster-Formationen, wahrend somatische Zellen eher
lose Kolonien formten. Die CD276 mRNA Expression zeigte sich in allen UC
Zelllinien, aulRer UC 10, gleich oder niedriger als in somatischem Urothel. Die
CD276 Proteinexpression war in Zellline UC 5 ungefahr doppelt so hoch, wie in
somatischem Urothel, in den anderen Zelllinien moderat bis niedrig. An der
Zelloberflache wurde CD276 auf fast allen Zelllinien héher exprimiert als auf
somatischen Urothelzellen. Zur Analyse einer potenziellen Regulation der
Expression durch miRNAs konnten miRNA 29c und miRNA 187 als Zielgene,
sowie SNORD49a und miRNA 181b als Referenzgene etabliert werden. In UC
Zelllinien HT1197 und Cal-29 zeigte sich eine verminderte Expression von
MiRNA29c. Die Gesamtexpression von von miRNA 29c in den UC Zelllinien
ziegte sich ebenfalls signifikant vermindert. In UC Zelllinien UC 16, 5637 und
253J zeigte sich die miRNA 187 expression signifikant niedriger. Die
Korrelationsanalyse ergab eine negative Korrelation der
Proliferationsgeschwindigkeit mit CD276 mRNA und Protein Expression. CD276
MRNA Expression korrelierte moderat mit der Proteinexpression und stark mit
der Expression von CD276 an der Zelloberflache. Die verschiedenen
Wachstumsmuster der UC Zelllinien kénnte durch ein uneinheitliches
Fortschreiten der EMT bedingt sein, da die Uberexpression von CD276 mit
niedriger E-cadherin Expression korreliert. Aufgrund der variablen
Expressionslevel muss die Expression von CD276 mRNA als klinischer
Biomarker kritisch beurteilt werden. Jedoch kdnnten sich in den Zellkulturen
aufgrund des haufigen Passagierens auch genetische Sub-Klone gebildet
haben. Das Fehlen einer klaren, linearen Korrelation von CD276 mRNA-,
Protein- und Zelloberflachenexpression deutet auf eine komplexe Regulation
des Molekils durch z.B. miRNAs hin. In den Zelllinien HT1197 und Cal-29 kann
diese Regulation durch eine verminderte Expression von miRNA29c bestéatigt
werden und kdnnte somit ein entscheidender Faktor in der Tumorprogression
des UC sein. Bei miRNA 187 bestatigt sich die unklare Rolle, welche in anderen
Tumoren beobachtet wurde. Die Ergebnisse dieser Arbeit unterstreichen den
heterogenen Charakter des UC und zeigen die Wichtigkeit einer molekularen

Sub-Klassifikation von Patienten fur deren optimale Therapie.
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