Human germ cell tumors: views and news.
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Historical (over)view: classification(s).

Table 18.2 Comparison of classifications of testicular germ cell tumors

Dixon and Moore'® Collins and Pugh'® British Testicular Tumour  Mostofi and Price!” WHO*
Panel™®
Seminoma Seminoma Seminoma Seminoma Seminoma
Classic Classic Typical Spermatocytic
Spermatocytic Spermatocytic Spermatocytic seminoma
Anaplastic

Embryonal carcinoma  Malignant teratoma,
anaplastic (MTA)
Malignant teratoma,
intermediate, with
no differentiated
or organoid

elements (MTIB)

Malignant teratoma, Embryonal carcinoma
undifferentiated (MTU)  Adult
Polyembryoma

Teratoma with
embryonal carcinoma
("teratocarcinoma”)

Malignant teratoma,
intermediate, with
differentiated or

organoid elements

Malignant teratoma,
intermediate

Embryonal carcinoma
and teratoma
(“teratocarcinoma”)

(MTIA)
Teratoma, adult Teratoma, Teratoma, differentiated  Teratoma
differentiated (TD) Mature
Immature

Choriocarcinoma Malignant teratoma, Choriocarcinoma
trophoblastic (MTT)

Orchioblastoma

Malignant teratoma,

trophoblastic

Yolk sac tumor
infantile (juvenile)

Embryonal carcinoma,

Embryonal carcinoma
Polyembryoma

Embryonal carcinoma
and teratoma
("teratocarcinoma”)

Teratoma
Mature
Immature
With malignant

transformation

Choriocarcinoma

Yolk sac tumor

From (with last two columns updated) Nochomovitz LE, De La Torre FE, Rosai J. Pathology of germ cell tumors of the testis. Urol Clin North Am

1977, 4: 359-378.

© Elsevier Inc 2004 Rosai and Ackerman's Surgical Pathology 9¢
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PRECURSOR TERMINOLOGY TYI
CIS - (TIN) - IGCNU

CIS IGCNU

GCNIS
GCNIS

Germ Cell Neoplasia In Situ

Germ cell neoplasia in situ (GCNIS): evolution of the current
nomenclature for testicular pre-invasive germ cell

malignancy Histopathology 2016 DOE: 10.1111/his.12958

Daniel M Berney,! Leendert H | Looijenga,> Muhammad Idrees,® | Wolter Qosterhuis,?
Ewa Rajpert-De Meyts,* Thomas M Ulbright® & Niels E Skakkeback*

Figure 2. Workshopping the new name in Zurich, March 2015.
The final proposal is indicated by the circe.
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Table 4.04 Usual pattems of immunoreactivity in testicular germ cell tumours and metastatic carcinoma (markers are listed alphabetically and proportions of reported positive

Liang Cheng'*, Peter Albers?, Daniel M. Berney?®, Darren R. Feldman*®,
Gedske Daugaard®, Timothy Gilligan” and Leendert H. J. Looijenga®

NATURE REVIEWS | DISEASE PRIMERS | Article citation ID: (2018) 4:2I

,.
(100%)
@ Germ cell [0 Non-GCNIS-related tumours OCT34
([0) GCNIS-related tumours (POUSF1, {16*)
Type| 0CT3, 0CT4)
( Typell
— p— Sox17 +
repubertal type
@CN'S ) 5002
\
Prepubertal type
m '
| g |
Typelll | | ? PG -
| d |
| | i |
Spermatocytic i Teratoma with somatic | 11| Yolkssac (M |
tumour 1 | type malignancy H tumour i
| Embryonic structures i i Extra-embryonic structures i

O s~ Spermatogenesis

Histopathology 2011, 58, 440-446. DOL 10.1111/}.1365-2559.2011.03767.x

Diagnosis of testicular carcinoma in situ ‘(intratubular and
microinvasive)' seminoma and embryonal carcinoma
using direct enzymatic alkaline phosphatase reactivity on
frozen histological sections

Hans Stoop," Wim Kirkels,® Gert R Dohle,” Ad ] M Gillis,' Michael A den Bakker,"
Katharina Biermann," Wolter Oosterhuis' & Leendert H | Looijenga’

reactivities are shown in parentheses)

(100%)

(100%)

(95%)

(< 1%)

ND

ND

Gliomas, some carcinomas

Rare non-small cell lung cancer, clear cell renal carci-
noma, and large cell lymphomas
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Figure I. Immunohistochemistry for c-KIT (A, B) and SCF (C, D) on frozen normal adult testicular tissue: (A) fluorescent detection and (B) bright field detection of c-KIT. Arrows indicate \Q O & & O m
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ORIGINAL ARTICLE

KIT and RAS signalling pathways in testicular germ cell
tumours: new data and a review of the literature
N. C. Goddard,*" A. Mclntyre,*' B. Summersgill,* D. Gilbert,* S. Kitazawat and J. Shipley*




Earliest pathogenetic changes: screenin¢ Diagnosis --

(DSD).
Histological Assessment of Gonads in

DSD: Relevance for Clinical Management

Johannes A, Spoor® . Wolter Oosterhuis® Remko Hersmus”
Katharina Biermann® Katja P. Wolffenbuttel® Martine Cools Zainab Kazmi?
Syed F. Ahmed?®  Leendert H.J Looijenga®

Sex Dev 2018:12:106-122

Table 1. Diagnostic criteria of GCC precursor lesi
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Diagnosis  Type of gonad Age Germ cells Immunohistochemistry
morphology locationin locationin germ cells | supportive
gonad seminiferous | 1 cells
tubule H !
H T
Delayed undervirilized testis or ~ >6 months  typical wide central i OCT3/4 + | SOX9*
maturation  dysgenetic gonad gonocytes  spread ! TSPY +/- i
1 KITIG - i
Pre-GCNIS  undervirilized testis or ~ any typical focal basement 10CT3/4  + 1 SOX9*
dysgenetic gonad gonocytes membrane 1 TSPY 42 |
LKITIG  +(focal)
GCNIS undervirilized testis any atypical focal basement oCI34 & SOX9*
gonocytes membrane ISPY +b
KUG W []]
Gonado- dysgenetic gonad any atypical focal, in cord like oors/d ¢ SOX9* S
blastoma gonocytes  in nests structures or | TSPY +b FOXL2*
stroma KITIG +

Supportive cells can be Sertoli cells (SOX9*) or granulosa cells (FOXL2%).

# Co-expression of OCT3/4 and TSPY in a heterogeneous pattern. ® Co-expression of OCT3/4 and TSPY in a homogenous pattern.

¢ Diffuse expression in Sertoli cells and in GCNIS cells.
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Rapley et al., 2009; Kanetsky et al. 2009; Turnbull et al. 2010; Kratz et al., 2011; Ruark et al., 2013;
Chung et al., 2013.

+ KITLG [OR = 2.69 highest to date]; + SPRY4 [inh. MAPK, downstream KITLG]; + BAK1
[downstream KITLG]
+ DMRTI1 [sex determination]
+ TERT, ATFIP [telomere maintenance]
+ UCK2, HPGDS, CENPE, CLPTMIL, MADI1L1, RFWD3, TEX14, PPM1E

TECAC

Independent:
Cryptorchidism; fam. predisposition,
spermatogenic function

SUSCEPTIBILITY ALLELE(S)

TEstis
CAncer
Consortium

OPEN 8 ACCESS Freely available online @ PLOS | GENETICS

< 1% of patients carry low risk KITLG a|lele _ _ ) .
< 3% of patients canry low risk Mutations in LRRC50 Predispose Zebrafish and Humans
PN to Seminomas

bl
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al Ieles KITLG + DMR T1 (2 8X Ive Logister™, Zachary G. Heath?, Trudy N. Jonges®, Nicholas Katsanis?, Emile E. Voest', Freek J. van

Eeden®, Rene H. Medema', René F. Ketting®, Stefan Schulte-Merker”, Leendert H. J. Looijenga®,
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SNP susceptibility TGCTs (GWAS):

Meta-analysis of five genome-wide association studies
identifies multiple new loci associated with testicular
germ cell tumor

Human Reproduction, Vol.32, No.12 pp. 2561-2573,2017
Advanced Access publication on November 7, 2017  doi:10.1093/humrep/dex300

human
reproduction

Malignant testicular germ cell tumors
in postpubertal individuals with
androgen insensitivity: prevalence,
pathology and relevance of single
nucleotide polymorphism-based
susceptibility profiling

Identification of 19 new risk loci and potential
regulatory mechanisms influencing susceptibility to
testicular germ cell tumor

NATURE GENETICS VOLUME 49 | NUMBER 7
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Patients Targets
42.CAS (all women) 154624820 5755383, 52736100; 15995030;
10 PAIS (6 men/4 women) 52900333; rs1508595; rsd699052; rs4888262; o
1512699477; 57221274; 54657482; 517021463, |
97 histological samples (90 CAIS/17 PAIS) 154590952; rs9905704; rs210138; 157040024 g
(83 gonadectomy/14 biopsies; 44 /8 patients) (see Table 1; n=16) @
[ ] [ |
v
Histology ) ONA available 36/52 (6/7 GCNIS) 3
germ cells present: 64% CAIS 3
83% PAIS 3
GCNIS/TGCT: 0% 3
Pre-GCNIS: 13% patients excluded SNPs: rs210138/rs7040024 e
(14% CAIS/10% PAIS) (quality reasons) F3
@

(GSS pre-GCNIS positi tive (n =13, excluding rs4590952 [no OR knownl):

26.2(24.7-36.9] versus 23.2 (21.0- 25.3]; p=0.01

Princess

maxima
center

pediatric oncology

DMRT1
GATA4
ZFPM2

ZFPM1 (16q24.2)

DNA Damage Regair_

_ Centrosome cycle [26]

M. Cools"*‘T, K.P. Wolﬁenbuttelz"r, R. Hersmus’, B.B. Mendonca‘,

). Kaprova®®, S.L.S. Drop®, H. Stoop®, A.J.M. Gillis®, J.W. Oosterhuis®,
E.M.F. Costa‘, S. Domenice*, M.Y. Nishi, L. Wunsch’, C.A. Quigley®,
G. T'Sjoen’, and L.H.J. Looijenga®*

(5995030 (KITLG) & rs2900333 (ATF7IP: all pre-GCNIS cases homozygous risk alleles (G and C, respectively)]

No difference rs4590952 (P53 binding site KITLG)

CONCLUSIONS

Figure I Schematic overview of the design of the study, both related to patients included as well as to SNPs investigated. Note that two of the ori-
ginal series of targets were excluded due to technical reasons (see text), resulting in a final list of 14 SNPs (see Table I). One of these SNPs lacks an
odds ratio (OR), and was therefore not included in the final genetic susceptibility score (GSS). CAIS/PAIS: complete/partial androgen insensitivity syn-
drome: GCNIS: germ cell neoplasia in situ; TGCT: testicular germ cell tumor.

f'a Physiological germ cell development

(Pre-)
| X Gene-environment | SPermatogonia
| interactions Sertoli
G oL —_— TSPy cell
| ) - }_.
| Stromal cell
i Erased component Paternal
E Primordial germ cell
| or gonocyte
""""""""" Stress T
KIT/KITLG* [26, 27 +————— Susceptibility alleles
b Type I TGCT
initiation
Erased
Oncogene (2003) 22, 3859-3866 Delayed or blocked IN TEGRA TED
€ 2003 Nature Publishing Group Al rights reserved 0950-34#7/03 $25.00 maturation
Il G V J
nature.comjonc ( \0__(1_’_'/ FAY R I SK
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Imprints and DPPAJ are bypassed during pluripotency-
and differentiation-coupled methylation
reprogramming in testicular germ cell tumors
|. Keith Killian," Lambert C.J. Dorssers,? Britton Trabert,’ Ad |.M. Gillis,2
Michael B. Cook,’ Yonghong Wang,1 Joshua ). Waterfall,' Holly Stevenson,’
William 1. Smith Jr.,* Natalia Noyes,' Parvathy Retnakumar,' |. Hans Stoop,’

|. Wolter Oosterhuis,? Paul S. Meltzer," Katherine A. MrGIynn,s
and Leendert H). Looijenga’

Genome Research 20161 26:1490-15041
\\‘\V\V.g(.‘n{]m{‘.()rg

Supplemental Table S1: Summary of Original and Reference samples in this study

Sample type GEO Accession# n
Original
SE GSE74104 61
EC GSE74104 43
YST GSE74104 6
TE GSE74104 20 @ pluripotent mCpH & mCpG
BNT GSE74104 128 @ trophoblast-ineage mCpG
lOVT l GSE74104 9 O somatic fineage meG
Total Origina 267
Public database . maw RO meH
PGC GSE63818 13 O Ysineage mCpG
Soma GSE52576,GSE30654,GSE63818 95 @ TGCT core methylation
ESC GSE52576,GSE30654 29 @ dobal methylation, NOS
iPSC GSE30654 35 () basal low-level methylation
sperm GSE47627 8 o de novo methylation
lymphoid GSE35069 18 * methyiation
hydatidiform mole GSE52576,GSE30654 9 [ i ﬁg SGvs GCNIS
phESC GSE52576,GSE30654,GSE57992 12 =
placenta/villi GSE41336,GSE57767 23
triploid placenta GSE74738 10
TGCT cell lines GSE60787 12
chimp iPSC GSE61343 28 H
iy csges 117 All pure histology (none
brain cortex- prenatal GSE74193 65 .
brain cortex- postnatal GSE64509 35 m IXed )
cerebellum- postnatal GSE64509 32
brain neurons- adult (FACS) GSE50798 12
brain glia- adult (FACS) GSE50798 12 G C N | S & S E = P G C " E C = E S/I P S -
neuroblastoma tissue GSE54719 35 J 2
cancer compendium cell lines GSE68379 1028 1 ff S — b 1 " — 1 d
omendun oo . Diff. NS = embryonic -; TE = somatic adult

TGCT TCGA 94

Total Reference 1772 tl S S u e .
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Int. J. Mol. Sci. 2019, 20, 258; doi:10.3390/4jms20020258
Review
Human Germ Cell Tumors are Developmental
Cancers: Impact of Epigenetics on Pathobiology -

and Clinic

Mot datlc wasii

Jodo Lobo *3®, Ad J. M. Gillis *3, Carmen Jerénimo “*©, Rui Henrique 1>3®

and Leendert H. J. Looijenga *5*© Unmethylated XIST fragm miR-371a-3p
DPPA3 hypomethylation miR-367
s BRCA1and RAD5ICmetbylati
: Various grnepm mig
£ 5
g 5
O
Primordial germ cells i Bt
(erased genomic imprinting) s

| Maternally imprinted

ju2uau

Gen

Cylogenetics
I Paternally imprinted £

H Erased imprinting

5mC - global methylation

KIT (18%), KRAS (14%), NK
(exclusive to Seminoma components|

Embryo,
with developing gonad '}

Amplifications: KIT, KRAS, MDM2

Figure 1. Cycle of genomic imprinting and global methylation.

QUESTIONS OF RELEVANCE:
Does GCNIS always progress to SE/NS?; What is risk of SE to progress into
NS?
What is risk for metastases in (occult) stage | SE and NS?; How to predict RMT?
How to predict (standard) treatment resistance?
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primary tumors.
Whole-exome sequencing reveals the mutational
spectrum of testicular germ cell tumours

Kevin Litchfield", Brenda Summersgill%, Shawn Yost!, Razvan Sultana!, Karim Labreche'?, Darshna Dudakia',
Anthony Renwick, Sheila Seal’, Reem Al-Saadi, Peter Broderick!, Nicholas C. Turner?, Richard S. Houlston',
Robert Huddart®, Janet Shipley? & Clare Turnbull'®

Received 26 Sep 2014 | Accepted 25 Nov 2014 | Published 22 Jan 2015 IR

Exome-wide Sequencing Shows Low Mutation Rates and
Identifies Novel Mutated Genes in Seminomas

EUROPEAN UROLOGY 68 (2015) 77-83

loana Cutcutache ™, Yuka Suzuki®®, lain Beehuat Tan *“, Subhashini Ramgopal®,
Shenli Zhang", Kalpana Ramnarayanan", Anna Gan"*, Heng Hong Lee ", Su Ting Tay",
Aikseng Ooi’, Choon Kiat Ong*, Jonathan T. Bolthouse®, Brian R. Lane?, John G. Anema?®,
Richard J. Kahnoski®, Patriclk Tan"®*"*, Bin Tean Teh"*"", Steven G. Rozen """

Exome Sequencing of Bilateral
Testicular Germ Cell Tumors

Suggests Independent Development
Lineages'?

Neoplasia (2015 17, 167-174

Genomic evolution and chemoresistance in
germ-cell tumours wature  voi 540 1 DECEMBER 2016

Amaro Taylor-Weiner' | Travis Zack?*, Elizabeth O'Donnell*3, Jennifer L. Guerriero*, Brandon Bernard*, Anita Reddy®,
G. Celine Han?*, Saud AlDubayan’*, Ali Amin-Mansour?, Steven E. Schumacher®?, Kevin Litchfield'*", Clare Turnbull®!,
Stacey Gabriel?, Rameen Beroukhim?*, Gad Getz?", Scott L. Carter?1415 Michelle S. Hirsch'®, Anthony Letai?,
Christopher Sweeney*§ & Eliezer M. Van Allen®413§

Rare disruptive mutations in ciliary function genes
contribute to testicular cancer susceptibility

Kevin Litchfield!, Max Levy', Darshna Dudakia', Paula Proszek?, Claire Shipley?, Sander Basten®,
Elizabeth Rapley', D. Timothy Bishop?, Alison Reid®, Robert Huddart®, Peter Broderick!, David Gonzalez de
Castro®, Simon O'Connor?, Rachel H. Giles?, Richard S. Houlston" & Clare Turnbull"&?

Received 5 May 2016 | Accepted 4 Nov 2016 | Published 20 Dec 2016 B M/\
nature \ ——
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Integrated Molecular Characterization
of Testicular Germ Cell Tumors

Hui Shen,’-*2 Juliann Shih,>2%22 Daniel P. Hollern,>*? Linghua Wang,®”-*> Reanne Bowlby,*? Satish K. Tickoo,®**
Veésteinn Thorsson,'® Andrew J. Mungall,? Yulia Newton,'" Apurva M. Hegde,'? Joshua Armenia,'®

Francisco Sanchez-Vega,'® John Pluta, Louise C. Pyle,’*> Rohit Mehra,® Victor E. Reuter,® Guilhnerme Godoy,'”
Jeffrey Jones,'” Carl S. Shelley,'® Darren R. Feldman,® Daniel O. Vidal,2° Davor Lessel,?-22 Tomislav Kulis,2®

Flavio M. Carcano,? Kristen M. Leraas,?® Tara M. Lichtenberg,?° Denise Brooks,® Andrew D. Cherniack,?* Juok Cho,?

David I. Heiman,? Katayoon Kasaian,® Minwei Liu,?° Michael S. Noble,? Liu Xi,® Hailei Zhang,? Wanding Zhou,'

Jean C. ZenKlusen,?” Carolyn M. Hutter,?® Ina Felau,?” Jiashan Zhang,?” Nikolaus Schultz,’® Gad Getz,2%°

Matthew Meyerson,2® Joshua M. Stuart,’” The Cancer Genome Atlas Research Network, Rehan Akbani, 2

David A. Wheeler,® Peter W. Laird,' Katherine L. Nathanson,'*% Victoria K. Cortessis,*' and Katherine A. Hoadley%%3*

Cell Reports 23, 3392-3406, June 12, 2018
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testicular germ cell cancer development

Lambert C. J. Dorssers', Ad J. M. Gillis', Hans Stoop', Ronald van Marion', Marleen M. Nieboer?, Job van Riet™*, Bl
Harmen J. G. van de Werken™”, J, Wolter Qosterhuis, Jeroen de Ridder® and Leendert H. J. Looijenga™®

Whole genome & targeted seq. RNA Seq. & Methyl.

Molecularly: homogemeous??? B
.,

British Journal of Cancer
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Proflllng
AD) mmvininAlaa Af A veaaia R
Case T3209 T6107 T618 T1382 '\IS (Chemo nalve) GCNIS S::?]?:r:i?ng 7
NSIPBL | NS/PBL | NS/NAP | NS/PBL it
Whole Genome Sequencing . N
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Béchir Boughaba

Raimo Tanzi

Francesca Fontana
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Oncogens. 2000 Moy 30:19(51).5858-62.

Overrepresentation of the short arm of chromosome 12 is related to invasive growth of human
testicular seminomas and nonseminomas.

Rosenbera C'. Van Gurp RJ, Geelen E, Qosterhuis JW. Looiienga LH.
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Figure 1: Timeline of liquid biopsy development.

www.impactjournals.com/oncotarget/

Oncotarget, 2018, Vol. 9, (No. 2), pp: 2912-2922

Review

The dawn of the liquid biopsy in the fight against cancer

Irma G. Dominguez-Vigil', Ana K. Moreno-Martinez', Julia Y. Wang?, Michael H.
A. Roehrl* and Hugo A. Barrera-Saldafia'~
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XIST unmethylated DNA fragments
in male-derived plasma as a tumour
marker for testicular cancetr

Takahiro Kawakami, Keisel Okamoto, Osamu Ogawa,
Yusaku Okada

Testicular germ-cell tumours (TGCTs) are the most common
malignant diseases among men aged 20-40 years. We
developed a DNA tumour marker for TGCTs based on the
unmethylated DNA profile of a neoplasm. The 5 end of the XIST
gene Is mainly hypomethylated In TGCTs Irrespective of XIST
expression. Male somatic cells, however, show complete
methylation through the CpG sites, Including the minimum
promoter and XIST-conserved repeats. Identification of a XIST
unmethylated fragment In male plasma might be diagnostic for
TGCTs.

Lancet 2004; 363: 40-42
See Commentary page 6

Circulating Tumor Cells in Patients with Testicular

Germ Cell Tumors

Clin Cancer Res; 20(14) July 15, 2014

center

pediatric oncology

J Clin Oncol. 2001 Jun 15;19(12):3029-36. Clinical impact
of germ cell tumor cells in apheresis products of patients
receiving high-dose chemotherapy. Bokemeyer C, Gillis
AJ, Pompe K, Mayer F, Metzner B, Schleucher N,
Schleicher J, Pflugrad-Jauch G, Oosterhuis JW, Kanz L,
Looijenga LH.

PBSC preparations from 57 patients were investigated for
the presence of contaminating tumor cells using this set
of targets, including beta human chorionic gonadotropin
(beta-hCG), fibronectin (EDB variant), epidermal growth
factor receptor (EGFR), CD44 (v8 to 10 variant), germ cell
and placental alkaline phosphatase (AP), human
endogenous retrovirus type K (ENV and GAG), and XIST.
Despite the presence of tumor cells, retransplantation of
the PBSC products did not effect long-term outcome.

Paulina Nastaly', Christian Ruf**, Pascal Becker*, Natalia Bednarz-Knoll', Malgorzata Stoupiec’,
Refik Kavsur', Hendrik Isharn?, Cord Matthies®, Walter Wagner", Dirk prpner", Margit Fisch?,
Carsten Bokemeyer®, Sascha Ahyaf’, Friedemann Honecker®, Sabine Riethdorf', and Klaus Pantel'

Results: In total, C1Cs were detected in 25 of 143 (17.5%) peripheral blood samples, whereasonly 11.5%
of patients were CI'C-positive when considering exclusively the CellSearch assay. The presence of CI'Cs in
peripheral blood correlated with clinical stage (P < 0.001) with 41% of CTC positivity in patients with
metastasized tumors and 100% in patients with relapsed and chemotherapy-refractory disease. Histolog-
iclly, CIC-positive patients suffered more frequently from nonseminomatous primary tumors (P <0.001),
with higher percentage of yolk sac (P < 0.001) and teratoma (P = 0.004) components, Furthermore, CIC
detection was associated with elevated serum levels of a-fetoprotein (AFP; P = 0.025), f-human chorionic
gonadotropin (BHCG; P=0.002), and lactate dehydrogenase (LDH; P=0.002). Indidence and numbers of
CTCs in TVB were much higher than in peripheral blood.
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Serum miRNA Predicts Viable Disease after Chemotherapy in @Cmm
Patients with Testicular Nonseminoma Germ Cell Tumor

82 patients: cohort 1 (39)/cohort 2 (43)

Ricardo Leao,* Ton van Agthoven,* Arnaldo Figueiredo, Michael A. S. Jewett, Kamel Fadaak,
Joan Sweet, Ardalan E. Ahmad, Lynn Anson-Cartwright, Peter Chung, Aaron Hansen,
Padraig Warde, Pedro Castelo-Branco, Martin O'Malley, Philippe L. Bedard,

Leendert H. J. Looijenga*,t and Robert J. Hamilton*,t

THE JOURNAL OF UROLOGY® Vol. 200, 126-135, July 2018 A _
A < 2% NS ‘
- w ] 8 | 1=39
. 215. .‘. [ % 25-
N >
3 . g - ®© O o0
‘ﬂ’ 210 (> ma
% = . g 0.
5 (] (N=
5 2 000 o 5 [ Negative (n=18) 0 8 10
8 Y €
Q, 20 | |T| 0 25 —r
x =
i Y saz
g : Posiive(n=21) © 5 10
® 210 T T T z
& . Fibrosis /Necrosis Teratoma Viable GCT ;_: 5' S
Pre-chen:otherapy Pos1-chen:otherapy Posl-R’PLND g é‘l Q
A 10 m E g) g E
T £ — @
il PO 0 E_ go
215 i £ =, =] a1l
g .. T rlllllill“l= ‘lIIIIIIIIIIIIIIF r; _I'L [-::
g NS 08 AR
‘_I;; 210 . . :!llhl != E‘E @
¢ H H I3
[ | [l I d..:.....-l'l" Fumne 3
o ° i ;
((?U % oo 3. 06 =mi'n: !nnuﬁ 8
© = ] ur
@ £ F
E J:; 0 4_ ‘IIIIIIIIIE .
2 ' i iable GCT LIQUID BIOPSY | SERUM ANALYSIS - TSmiR DIAGNOSIS &
g os $ post-chemotherapy viable | TARGETS O" purification w FOLLOW-UP
g E . o*.im'ﬁmﬁl:;ﬁg; using magnetic beads
024 § (). NORMALZERS o, elevated serum miRs?
SR e miR-3712-3pMIR-373:3p (AUC 0,895 95% C10.79-0.96) = quality contro
H = MR 3712-3pmiR-373-3pmiR-367 (AUC 0 880; 95% C1 079-0.99) L ] ﬂ _ e
™ Pre-chemotherapy B e R 3710 MR 67 AL 087395 CI0 1809 ; quantification (RT-PCR) NO
Post-chemotherapy (Fibrosis/Necrosis + Teratoma) |\ E .. iigits et it el T J y
[1 Post-chemotherapy (Viable GCT) 0.0 02 04 06 03 10 ok
B Post-RPLND 1 - Specificity 9 ‘ , -




Liquid biopsy analyses (T)GCTs: miR-371a-3p (longitudinal series IIl).

Clinical utility of plasma miR-371a-3p in germ cell tumors J Cell Mol Med. 2019;23:1128-1136.

Michal Mego®? | Ton van Agthoven®

| Paulina Gronesova* | Michal Chovanec? |

Vera Miskovska® | Jozef Mardiak? | Leendert H. J. Looijenga®®

TABLE 4 Prognostic value of plasma miR-371a-3p before the first cycle of chemotherapy

HR (95% Cl), P-value

180 patients: start of chemotherapy & 101 second cycle)

TABLE 3 Correlation between pretreatment plasma miR-371a-3p

and serum tumour markers

miR-371a-3p continuous miR-371a-3p dichotomized
Pearson Pearson
Variable correlation P-value  correlation P-value
AFP 0.26 0.0025 0.13 0.14
HCG -0.02 0.78 0.15 0.08
LDH 0.61 <0.00001 0.33 0.0001
Sstage 041 <0.00001 0.42 <0.00001

Statistically significant indicated bold.

HCG, human chorionic gonadotropin; AFP, alpha-fetoprotein; LDH, lac-

tate dehydrogenase.
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Overall survival

Univariate analysis
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miRNA relative levels (log10)

Liquid biopsy analyses (T)GCTs: m

Cohort 2 (n=42)
* Metastatic TC patients

Cohort 1 (n=67)

* Metastatic TC patients

* Prospectively included * Retrospectively selected

* Fixed sampling schedule * Poor clinical outcome

* Samples from standard follow-up

Analysis:
* Association between miR levels and:
»  (Classical tumor markers

»  IGCCCG prognosis group

* Kinetics after start of treatment

Joined analysis of both cohorts:

* Association between miR levels and:
>
>

Classical tumor markers

IGCCCG prognosis groups
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iR-371a-3p (longitudinal series V).

Good Intermediate Poor Relapse Refractory
l: 83.6% 14.9% 1.5% n= 6 n= 1
Il:  26.2% 35.7% 38.1% n= 28 n=14

88 patients protein marker neg. (10.1%): 9 positive at
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Lessons from human teratomas to guide development

[} B VA

NS

of safe stem cell therapies
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Justine | Cunningham', Thomas M Ulbright?, Martin F Pera® & Leendert H ] Looijenga®

Table 4 Methods for assaying residual pluripotent stem cells in clinical product or patient manitoring

Method of detection compartment Sensitivity Limitations Preclinical CMC  Clinical
Methods with accepted clinical utilty
ASO-gRT-FCR Tumer DNA 0.001%, that is, 1 CTC in Requires large number of samples for repeated Yes Yes Yes
100,000 normal®? lesting to assure statistical certainty
Flow cytometry Tumer cell 0.01%, that is, 1 CTC in Requires four- to six-color flow, necessitating Yes Yes Yes
10,000 normal® multiple cell surface markers
ELISAs Tumor protein  Ultrasensitive assays detect Requires unique protein expression & comelation of Yes Yes Yes
in sub-pg/m range® protein signal with cell number
MRI Turmer cell Masses =0.3 cm Unknown effect of imaging labels on stem cell Yes Na Yeu
phenotype or genctoxc potentia
FDG-PET Tumer size Masses >1 cm (ref. B5) Poor spatial resalution No No Yes
Methods with emerging evidence
gRT-PCR Tumor miRNA  Limit of detection down to Requires identification of miRNAs with known Yes Yes Yes
10 copies of miRNAS? association with pluripotent cells
Immuno-PCR (TPA) Turmor protein  Limit of detection in Requres unique protein expression & comelation of Yes Yes Yes
femtogram range®® protein signal with cell number
Fluorescent nanocrystals Tumor miRNA  Limt  of detection in Requires identification of miRNAs with known Yes Yes Yes
K cation exchange femtomole range®® association with pluripotent cells
Nanoparticle surface Tumer miRNA  Limit of detection in Requres identifcation of miRNAs with known Yes Yes Yes
plasmon resonance atiomole range™ association with pluripotent cells
Bioluminescence (BLI)  Tumner call Limt of detection to be Requires demonstration that vectors used to labsl Yes No No
determined?! %2 cells have no effect on cell product profile

CMC, product chemistry, manufacturing and controls; CTC, circulating tumor cell; ELISA, enzyme-linked immunosorbent assay; miRNA, microRNA; MRI, magnetic resonance
imaging: PET, posilron emissicn tomaograghy; TPA, TagMan protein assay
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The MicroRNA-371 Family as Plasma Biomarkers for Monitoring
Undifferentiated and Potentially Malignant Human Pluripotent Stem Cells

in Teratoma Assays

Daniela C.F. Salvatori,>* Lambert C.J. Dorssers,>> Ad J.M. Gillis,” Gemma Perretta,” Ton van Agthoven,>
Maria Gomes Fernandes,' Hans Stoop,” Jan-Bas Prins,' J. Wolter Oosterhuis,” Christine Mummery,*

and Leendert H.J. Looijenga®*

Stem Cell Reports | Vol. 11 | 1493-1505 | December 11,2018
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Figure 4. miRNA Expression Profile Comparison between hPSCs and hGCT-Derived Cell Lines and Respective Xenografts



Conclusions and take home messages.
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Clinically relevant subtypes of (T)GCTs
Informative histology based diagnostic (protein) biomarkers
GWAS SNPS & biology matches (KITLG, gonadal development, ....)
Similarity embryogenesis and Type Il TGCTs (epigenetics)

High level of genetic heterogeneity within Type Il TGCTs (no driver mutat
Treatment resistance “markers” not identified in primary tumor
miR-371a-3p (almost absolute) liquid biopsy markers for malignant GCT c«
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Our ambition: curing every
while providing an optimal quality of life
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