Identification of Complex Karyotypes in Chronic Lymphocytic Leukemia: Comparison of Chromosome Banding Analysis
and Genomic Microarray Techniques
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Clonal Relationship between Blastic Plasmacytoid Dendritic Cell Neoplasm and Myeloid Neoplasms
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Background

Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) is an aggressive tumor derived from the precursors of plasmacytoid
dendritic cells. BPDCN may associate with other myeloid neoplasm such as myelodysplastic syndromes (MDS), acute myeloid
leukemia and chronic myelomonocytic leukemia (CMIML).

We studied 5 patients with the concurrence of BPDCN and myeloid neoplasms (3 patients with MDS, and 2 CMML). All
tumors were characterized by their cytological features, immunophenotype by flow cytometry (FC) and/or immunohistochemistry
(IHC) and cytogenetics and targeted sequencing by NGS of genes recurrently mutated in myeloid malighancies.

The panel of antibodies for FC and IHC included myeloid and B and T-cell lymphoid markers, as well as TdT, CD34, CD123,
HLA-DR, and CD56 from Beckton Dickinson and Ventana; CD141 (BDCA-3), CD303 (BDCA-2), and CD304 (BDCA-4) were from
Miltenyi Biotec. Cytogenetic studies included conventional karyotyping and FISH.

Targeted sequencing of the whole codifying sequence of 51 genes recurrently mutated in myeloid malighancies was
performed by NGS with the MiSeq sequencer, lllumina. The genes included were: ABL1, ASXL1, ATRX, BCOR, BCORL1, CBL,
CBLB, DAXX, DNMT3A, EED, ETV6, EZH2, FLT3, GATAL, GNAS, IDH1, IDHZ2, IKFZ1, JAK1, JAK2, JAK3, KAT6A, KIT, KRAS, MLL,
MPL, NF1, NPM1, NRAS, PHF6, PRPF40B, PTPN11, RAD21, RB1, RUNX1, SETBP1, SF1, SF3A1, SF3B1, SH2B3, SMC1A, SMC3,
SRSF2, STAG2, SUZ12, TET2, TP53, U2AF1, U2AF2, WT1 and ZRSR2.
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The patients were 3 males and 2 females with a median age of 74 years (range 61-82 years). BPDCN and MDS were
synchronic in 2 cases (both patients diagnosed of refractory cytopenia with multilineage dysplasia), whereas BPDCN followed
the myeloid neoplasms in 3 cases (1LMDS with isolated del(5q), 2 CMML). All cases had involvement of the skin by BPDCN except
for the case of MDS with isolated del(5q), that presented only with bone marrow involvement. In such case, del(5q) was also
identified in the tumor cells of BPDCN. Trisomy 8 was identified in the tumor cells of either BPDCN and CMML in case #3.

Results of targeted sequencing are showed in the table. Mutations in the splicing factors ZRSR2 or U2AF1 were observed in 3
cases, whereas no mutations were observed in either SF3B1 or SRSF2, which are commonly mutated in MDS and CMML. As
depicted in the table, the majority of mutations seen in the MDS/CMML phase were also observed when BPDCN appeared, with
the exception of TP53, IKZF1 and NRAS mutations that were only detected in BPDCN.

#1 CMML, BM 2011 BPDCN, BM/skin 2013
Male, 78 years TET2: c.4468G>T; p.(Glu1490Ter) 40 35/40
ZRSR2; c.868C>T; p.(Arg290Ter) 86 92/86
ASXL1: c.1934dup; p.(Gly646TrpfsTerl2) 18 31/0
ASXL1: c.1900_1922del; p.(Glu635ArgfsTerlb) 0 0/9
IKZF1: c.610_638del; p.(Gly204LysfsTer7) 0 34/54
#2 MDS 5q-, BM 2008 BPDCN, BM 2015
Female, 82 years ASXL1: c.1438G>T; p.(Glu480Ter) 38 49
TET2: c.3466_3468del; p.(Asn1156del) 39 49
TP53: ¢.536A>G; p.(His179Arg) 0 99
#3 CMML, BM 2013 BPDCN, skin 2015
Female, 82 years TET2: c.2525C>G; p.(Ser842Ter) 42 90
U2AF1: c.101C>T; p.(Ser34Phe) 43 46
TET2: ¢c.2428C>T; p.(GIn810Ter) 18 0
#d RCMD, BM 2013 BPDCN, skin 2015
Male, 61 years TET2: c.3263C>A; p.(Ser1088Ter) 21 42
TET2: ¢.4122T>G; p.(Cys1374Trp) 19 39
NRAS: c.182A>C; p.(GIn61Pro) 0 50
ZRSR2: ¢.312G>A; p.(=) synonym, splicing site 21 91
#5 RCMD, BM 2016 BPDCN, skin 2016
Male, 70 years TET2: c.1246_1247insCGAAC; p.(Pro416ArgfsTerl3) 39 26
KRAS: c.34G>T; p.(Gly12Cys) 3 53
ASXL1: c.1934dup; p.(Gly646TrpfsTerl2) 34 34

® These findings demonstrate a deferred clonal relationship between BPDCN and myeloid neoplasms
In this series.

® Of note, all patients showed mutations in TET2 implicating a probable impairment in the hidroxymethylation
process. In addition, mutations involving tumor suppressor genes (IKZF1 and TP53) and oncogenes
(NRAS and KRAS) seem to have a triggering role for the development of the BDPCN.
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Review of the minimum immunostaining criteria for HER2 determination in gastric and gastroesophageal
junction cancer endoscopic biopsies: iIs membrane expression in five cells enough?
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Background

HER2 overexpression/amplification should be determined in gastric (GC) or gastro esophageal junction cancer (GEJC) tributary for anti-HER2 treatment. In cases 50,00%
borderline/equivocal (2+) with immunohistochemistry (from weak to moderate intensity of membranous staining) an assessment of the amplification of the gene 40 00%
must be done by in situ hybridization (ISH) analysis. The immunohistochemistry cut-off varies between surgical specimen and endoscopic biopsy. The minimal threshold '
of cellular membrane expression in biopsy is five cells. Our aim is to analyze the correlation of this threshold with borderline expression with the amplification of the 30,00%
gene by ISH.
20,00%
De5|gn 10,00%
Retrospective review of GC and GEJC cases in the Hospital del Mar of Barcelona between 2010 and 2016, with HER2 2+ studied by inmunohistochemistry (Ventana 0.00% .

4B5). The exact number or percentage of cells with expression of HER2 and the status of the gene using in situ hybridization were recorded and compared.

We have reviewed 86 cases (63 biopsies and 23 surgical specimens). From the 63 endoscopic biopsies, we selected 46 cases HER2 2+ with a homogeneous intensity
of HER2.

We found very weak staining (measured as weak staining saw at 20x) of HER2 in 9 cases (14.3%), weak staining, evaluated at 10x in 30 cases (47.6%), and moderate
intensity in 7 cases (11.1%). Figure 1.

In terms of the number of cells and amplification, 2 cases with very weak expression depicted between 5 and 10% stained cells and were non-amplified by ISH and
7 cases had more than 10% positive cells and one of them were amplified. Fourteen cases with weak positivity presented >10% stained cells and 12 of them were
hon amplified, 5 cases with >5- <10% stained cells were non amplified and among 11 cases with <5% one case was amplified. All 7 moderately stained cases
presented staining in >10% neoplastic cells and 3 of them were amplified. Figure 2 and 3.
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Figure 2. Distribution of Equivocal HER2 cases depending on the intensity of the membranous staining, the percentage of stained cells and the SISH results

Figure 3. Examples of cases showing intensity of expression of amplified cases.
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We have proved that the minimal threshold criteria used nowadays in biopsies, for HER2 testing, detected some amplified cases by ISH, even when there are
only very few positive cells with weak membrane expression. The real impact of this finding regarding response to therapy deserves further analysis.
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Ciliary Ultrastructural Features in a Cyclin O-Deficient Murine Model of the Reduced Generation of Multiple Motile Cilia Syndrome
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Background

The field of ciliary pathology has advanced exponentially with the use of molecular
techniques, both for studying the genetic abnormalities related to ciliary motility and
the molecular biology of ciliary biogenesis. Thus, nowadays electron microscopy (EM)
is an excellent screening tool in ciliary dyskinesia but it is only a first step to indicate
specific genetic tests that will result in the precise identification of the primary
molecular defect. On the other hand, regarding ciliary biogenesis it is increasingly
acknowledged that can be the source of many diseases that can relate to ciliary
insufficiency without any abnormality in the axonemal structure. Two different
pathways for ciliary biogenesis are currently accepted. The most frequent involves
dividing cells in which there is a symmetric division of the centrioles to provide for
an adequate mitotic organization and a homogeneous distribution in the daughter
cells. This process is related to a centriole-forming structure called centrosome. On
the other hand, ciliated cells such as those of the respiratory tract and the Fallopian
tube or the ependymal cells are generated through a massive asymmetric process
in which the mother centriole is not involved and that relies on the active division
of the daughter centriole. In this process, the centrosome still has a role but a new
yet still incompletely characterized organelle, the so-called deuterosome, has a major
role as the center of the centriolar division process.

Recently, Cyclin O (CCNO) mutations were identified in a subset of Primary Ciliary
Dyskinesia (PCD) patients affected by recurrent upper and lower airway infections,
bronchiectasis, hydrocephalus (~10%), and reduced fertility. This PCD subset has
been termed Reduced Generation of Multiple Motile Cilia (RGMC) and is also caused
by mutations in the MCIDAS gene that is adjacent to CCNO on chromosome 5q.
There are few reports on this syndrome, some of them based on animal models. Our
laboratory has developed a constitutive loss-of-function mouse model with complete
CCNO deficiency. There are very few data on the electron microscopic changes in
cases of RGMC or on its murine counterparts. The aim of the present study has been
to characterize the ultrastructural features of cilia and related structures in our CCNO
deficiency murine model.

This is a descriptive study of fine structural changes in two experimental groups,
consisting respectively of three wild-type and three CCNO deficient mice. Transmission
electron microscopy was performed on perfusion-fixed samples of brain periventricular
ependymal cells, uterine tubal epithelium and tracheal mucosa. Uranyl acetate and
lead citrate stained thin sections were examined in a Phillips-FEI CM100 electron
microscope. The Ethics Guidelines for Laboratory Animal Research from the PSMAR
Consortium (Parc de Salut Mar - Hospital del Mar Research Institute) were strictly
followed.

The most striking ultrastructural findings were detected in the ependymal and respiratory tract cilia. In the respiratory tract, compared to their normal
counterparts (Figure 1), there was a marked reduction in the number of cilia in ciliated cells in the CCNO”- mice (Figure 2). This could be recognized not
only because there were cells with scanty ciliary structures (Figure 2a) but also because it was obvious that cells with much longer microvilli than their
neighbors were actually ciliated cells without cilia (Figure 2b). Based on this finding, it could be stated that there was also a reduced number of potentially
ciliated cells. On occasion, intraepithelial microcystic spaces were found in the respiratory epithelium of the defective mice (Figure 2c¢). In addition to a
marked reduction in the number of cilia compared to controls, the most remarkable finding was the presence of severe defects in basal body formation
(Figure 2e through 3e), with disassembled microtubular precursors that resulted in a meandering, spread-out or annular shape (Figures 3e and €’). In the
vicinity of these abnormal basal bodies poorly defined deuterosomes were identified (Figure 4). The axial symmetry of cilia was not significantly lost, as
evidenced by drawing lines through the center of the ciliary axoneme alighed with the central pair of tubules (Figure 2d). In spite of all these abnormalities,
the few successful cilia that could be found had normal axonemes, without significant abnormalities of the doublets, dynein arms or nexin links. Radial
spokes seemed to be partially lost in some of the cilia, although this could be a sampling or artifactual problem. The changes were particularly obvious in
the respiratory epithelium but also evident in the ependymal cells (Figure 5).

Figure 2. Respiratory epithelium in defective (CCNO--) Figure 3. Range of basal body formation abnormalities Figure 4. Budding centrioles around a deuterosome are

mice. 2a/ Ciliated cell with reduced number of cilia. 2b/ observed in this experimental model. 3a/ Cluster of seen in two different cells: 4a and a’ and 4b and b’.
Ciliated cell with complete lack of cilia. It can be assumed incomplete basal bodies probably concentrated around

to be a ciliated cell because of the much longer microvilli
compared to the neighbor, non-ciliated cells. 2¢/
Microcyst-like spaces were occasionally found in the
respiratory epithelium. 2d/ In the existing cilia, the
axoneme was normal and the alighment was preserved.
2¢e/ Basal body defects were heterogeneously distributed.
This cell has one normal basal body and the remaining
ones are poorly formed. 2e’/ Close-up view of a well-
developed basal body and a poorly defined, irregular one.

a deuterosome. 3b/ Close-up view of the same cluster.
3¢/ Mild defects in the definitive apical basal bodies are
evident. 3d/ Moderate to severe defects in basal bodies
in this cell. 3e and e’/ Meandering precursors of basal
bodies of different shapes.
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Figure 1. Respiratory epithelium in normal (CCNO*/*)
mice. 1a/ Abundant cilia with normal basal bodies and
long, slender adjacent microvilli. 1b/ Budding cilia in a
regenerating cell. 1¢/ Transverse section through basal
bodies showing characteristic microtubular triplets. 1d/
Normal axonemes in this image show a slight axial
misalighment.
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Figure 5. Ependymal cells of CCNO deficient (5a and 5a’)
and wild type mice (5b, 5b’ and 5b’’). The extreme
reduction In cilia in the ependymal cells was associated
to the development of a hydrocephalus. 5b/ Confronting
ependymal (right) and choroidal plexus (left) cells.

The constitutive CCNO-deficient mouse model is characterized by abnormalities related to early ciliogenesis, basal
body formation and ciliary polarity. This may explain the more severe abnormalities, mostly hydrocephalus, that affect
these mice and to a lesser degree patients with CCNO deficiency. This animal model can be useful in the investigation
of the increasingly complex field of ciliary dyskinesia.
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ETS Genes (ERG, ETV1, ETV4 and ETVS5) overexpression and PTEN Loss in Prostate Cancer
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Introduction
The molecular taxonomy of primary Prostate Cancer (PrCa) was reported by the Cancer Genome Atlas (TCGA) research network in 2015, and seven Overexpression of ETS genes and PTEN loss in Prostate Cancer.-
PrCa subtypes defined by ETS fusions or mutations in driver genes were established. ERG is an ETS-family member overexpressed in most of the Seventy-four prostate tumors (69.8%) presented overexpression of one or more than one ETS genes [Figure 1A]. ERG was the most frequently overexpressed gene (55.6%), followed by ETV1 (18.8%), ETV4 (7.5%), and ETV5 (5.6%) [Figure 1B].
TMPRSS2-ERG rearranged prostate tumors and PTEN loss is often a concomitant event. However, there is a remarkable molecular diversity among ETS genes were usually overexpressed as a single event. Sixty-two tumors (58.5%) presented overexpression of a single ETS gene, while there were 12 (11.3%) with high expression levels of multiple ETS genes [Figure 2A]. In addition, ERG
the ETS-fused prostate tumors. Other ETS members, such as ETV1, ETV4, and ETV5, are also overexpressed in PrCa, but with a lower frequency. The overexpression was statistically associated with basal levels of the other ETS genes (Pearson X2, P=0.04) [Figure 2B].
relationship between this oYer.expression, the aberrant mechanisms that induce it, and the consequences on the clinical-pathological features of the PTEN expression loss was found in 44 (41.5%) of our PrCa series [Figure 3A]. Combined ETS gene overexpression and PTEN loss was detected in 37 tumors (34.9%). ETS gene overexpression was seen in 84.1% of the tumors with PTEN loss,
respective prostate tumors is incompletely understood. while only 7 cases (15.9%) presented with PTEN loss alone. There was a correlation between single ETS overexpression and PTEN loss (Pearson X2, P=0.0024) [Figure 3Bl].
Obiecti Overexpression of ETS genes, PTEN loss and Grade Group tumor classification.- _ | Figure 2 Prevalence _Of sin.gle and multiple ETS gene
jectives Single ETS overexpression was more frequent in GG1-3 PrCa (Not Significant, N.S.), while overexpression of multiple ETS Figure 1. Prevalence of ETS gene overexpression overexpression [A]. Relationship between ERG and other ETS
i i A and B]. ene overexpression [B].
The aim of the present study has been to investigate the effect of the rearrangements between TMPRSS2 and several ETS genes on the overexpression ~ 8€N€S was more frequently found in GG? tumors (N.S.), and basal expression levels of all ETS genes was more prevalent : ! & - [B]
of the latter, and to assess the relationship of this overexpression and PTEN loss with the main clinical-pathological parameters of PrCa. in GGS PrCa (N.S.) [Figure 4]. Only 18.2% of GGS tumors showed single ERG overexpression (N.S.). 69,8% 11,3% 30,2%
PTEN loss was less frequently detected in low GG PrCa (N.S.) [Figure 5A]. Taking into account only the ETS-overexpressing ® © © © o o o
Material and methods tumors, 80% of GG5 PrCa had PTEN loss (N.S.) [Figure 5B].

ETS gene rearrangements with TMPRSS2.-
Chromosomal fusions affecting TMPRSS2 and one of the ETS genes were detected in 66 tumors (62.3%). Sixty-three

Tumor Samples and Patients.-
A hundred and six frozen prostate tumors and 3 benigh prostate tissue samples were selected retrospectively from the files of the Parc de Salut MAR

T L

Biobank (MARBiobanc), Barcelona, Spain. According to the new Grade Group (GG) proposal by the WHO-ISUP 2016, samples were classified as: GG1 g;_;he o fu5|o.n-p05|t|ve prostate tumors (9505%) AELEE S.mgle rearrangement t.)etwee.n TMPRSS2 and one of the wprCa overexpressing ETS genes | PrCa with ETS gene basal levels PrCa overexpressing one ETS gene w PrCa overexpressing multiple ETS genes
(n=27), GG2 (n =33), GG3 (n =21), GG4 (n = 14) and GG5 (nh = 11). genes, while only 3 rearranged PrCa (4.5%) harbored multiple TMPRSS2-ETS fusions [Figure 6].

RNA Extraction and Retrotranscription.- Overexpression of ETS genes and respective TMIPRSS2 fusions.- 300

Total RNA was extracted from all tumor samples and the 3 benign tissues. RNA purity and quality were assessed with the NanoDrop® (NanoDrop ERG overexpression and the TMPRSS2-ERG rearrangement showed a very strong correlation. Only four of the 59 ERG- ' B ERG overexpression 90%

Technologies, USA) and the Agilent 2100 Bioanalyzer (Agilent, USA). cDNA was synthesized using 1ug of total RNA and Superscript IV Kit (Invitrogen, overexpressing PrCa (6.8%) were not rearranged. By constrast, only 1 of the 20 (5%) ETV1-overexpressing tumors was 80%

Life Technologies Corporation, CA, USA). positive for TMPRSS2-ETV1. The TMPRSS2-ETV4 rearrangement was detected in 6 of the 8 tumors (75%) that overexpressed B E7V1 overexpression

ETV4 and the TMPRSS2-ETV5 rearrangement was not identified in any the 6 tumors that overexpressed ETV5.

ETV4 overexpression 60%

ERG, ETV1, ETV4, ETV5 and PTEN expression analysis by RT-qPCR.- WETV1 ETVA or ETVS
RT-qPCR analysis was done from cDNA and using the TagMan® Gene Expression Assays (Thermo Fisher Scientific MA, USA) shown in Table 1. Samples ; 50% overexpression

. T . . . . B3 ETVS overexpression
were run in triplicate and GADPH was used as internal control. ETS genes overexpression was considered for values of 2*(-AACt) > 2.2 times the

| Is of th | hile PTEN | ; . P INAACH) < 0.35 Figure 3. Prevalence of PTEN expression loss [A]. Relationship 40% ETV1, ETVA and
average levels of the non-tumor controls, while oss of expression cut-off was 27(- t) < 0.35. between PTEN loss and single, multiple or no ETS gene ’ B ETS gene basal levels e ETVE Basal lavdls

TMPRSS2-ERG, TMPRSS2-ETV1, TMPRSS2-ETV4, TMPRSS2-ETV5 and ERG control analysis by RT-PCR.- overexpression [B]. o s
The TMPRSS2-ETS rearrangements expression was analyzed by RT-PCR. A region located between exons 4 and 5 of ERG was used as control and it
was successfully amplified in all samples. Primers are shown in Table 2. For the detection of the rearrangements among ETS genes and TMPRSSZ2,

41,5% 58,5% 10% —

Figure 4. Single, multiple or no ETS gene

0%
ERG overexpression ERG basal levels

Two categories, positive and negative cases, were established.

classification.

Figure 5. PTEN loss and Grade Group tumor classification [A]. PTEN loss
and Grade Group tumor classification in the ETS-overexpressing tumors [B].

PCR product purification and Sanger direct sequencing.-
The TMPRSS2-ETS rearrangement PCR products were purified. Sanger sequencing reactions were done with Big Dye Terminator Kit v.3.1 (Thermo

a semi-quantitative assessment of the expression was carried out by comparing the intensity of the rearrangement PCR product and the ERG control. w ﬂ w w 1 ' overexpression according to the Grade Group tumor

Fisher Scientific MA, USA) and the same primers used in the PCR amplifications. wPrCa WY el R ¥ RS i Figure 6. Distribution of the ETS gene rearrangements
Table 1. Applied Biosystems Tagman ® RT-gPCR assay B with TMPRSS2.
identification numbetr. Table 2. Primers used for ETS gene rearrangements RT-PCR analysis. 100% Number of rearranged PrCa

O PTEN basal levels

@ PTEN loss
N.S.

90%
80%
70% —

Genes/Fusion Assay ldentification number Genes/Fusion Forward primer Reverse primer
variants amplified variants amplified

B TMPRSS2-ERG (n=59)

Hs01554629_m1 TMPRSS2-ERG GCGCCGCCTGGAGCGCGGCA GGCGGGAAGATGGTGGGCAG
Hs00951951_m1 TMPRSS2-ETV1 GCGCCGCCTGGAGCGCGGCA CACTGCATCATGCATCTCCA
Hs00383361_g1 TMPRSS2-ETV4 TTTCTCCCCGCTTCTCGCA TCAGGTACCAGACAGTGATG
Hs00927557_m1 TMPRSS2-ETV5a GCGCCGCCTGGAGCGCGGCA TCAGCAAGTCCCTTTTATGG
Hs02621230_s1 TMPRSS2-ETV5b ACCACCAGCTATTGGACCTT TCAGCAAGTCCCTTTTATGG
4310884E - NM_002046.3 ERG GGAAGCCTTATCAGTTGTGA GGCGGGAAGATGGTGGGCAG

® ERG is the most frequently overexpressed ETS gene, followed by ETV1, ETV4, and ETV5.

® Most of the ETS genes are overexpressed as a single event.

® ETS overexpression plus PTEN loss is a very frequent event in PrCa, and PTEN loss is associated with single ETS overexpression.
® Single ETS gene overexpression shows a trend to be associated with low GG tumors.

® There is a non-significant trend for cases overexpressing multiple ETS genes to be GG4 PrCa.

— BPTEN, loss @ TMPRSS2-ETV4 (n=4)

__ BDPTEN, basal levels
P=0,0024

B TMPRSS2-ERG /
TMPRSS2-ETV1 (n=1)

TMPRSS2-ERG /
TMPRSS2-ETV4 (n=2)

@ Non-rearranged PrCa

O PTEN basal levels

@ PTEN loss
N.S.

GG1-3 GG4

ETS basal levels
Multiple ETS overexpression
Single ETS overexpression
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Background

In lung cancer, the landscape of mesenchymal-epithelial transition MET alterations were found in 24 patients (10.8%): 12 mutated and 13 amplified cases (Table 1, Table 1. MET gene alterations and variants found in lung non-small cell carcinomes (NSCLC).
factor (MET) oncogenic alterations consists on mutations leading to Figure 2 and 3).
the skipping of exon 14 (METex14) or MET amplification. Five of the 12 MET mutations (5/222; 2.2%) were confirmed to lead exon 14 skipping.
METex14 mutations and primary MET amplification are likely to Regarding concurrent alterations, in one of these cases we identified also MET amplification and
represent an actionable driver oncogenic target in a small subgroup ion.
’ Regarding clinical data among patients with MET alterations (n=24), 23 were men (96%), with a
Correlation among METex14 mutations and MET amplification remain mean age of 62 years-old (range: 40-91), 16 were active smokers and 17 were diagnosed in the T2 MALE 53 | Current NSCLC NOS T2bN2MO ] p.-RO88C PATHOGENIC POLYSOMY 0,49 WIT
unclear. advanced stage (70.8%). T3 MALE 67 | Current ADC TxN2M1a IV p.T995I UNKNOWN | NON AMPLIFIED 1 WT
Our aim was to Investigate the coexistence of METex14 skipping T4 = MALE 66  Former ADC T1bN3M1ib IV p.D999N UNKNOWN POLYSOMY 0,9 WT
and MET copy nhumber alterations (CNAs).
T5 MALE 52 | Current ADC T2aN2MO 1l p.T1010I PATHOGENIC POLYSOMY 1,12 WT
Design T6 MALE 60 @ Current ADC T4AN1M1b IV p.S1018C PATHOGENIC POLYSOMY 1,14 WT
T7 MALE 91 Former ADC T3N2MO 11 3028+1G>A SKIPPING NON AMPLIFIED 1,05 WT
A total of 222 paraffin-embedded NSCLC samples selected from orme ¢
2013 to 2016 were included. T8 MALE 78 Never ADC T4ANOMO | c.3028+1G>A SKIPPING NON AMPLIFIED 1,02 WT
Patient’s characteristics were: median age 64 year-old, 72% were T9 MALE 80 | Former ADC T2aN1 | c.3028+2T>A SKIPPING AMPLIFIED 1,81 WT
o) o) i i
males, 84% were current or former smoker, 54% were diagnosed in TI0 MALE 76  Never ADC T2aNOMia IV  c.3028+3A>G =~ UNKNOWN POLSOMY 0,47 WT
advanced stage and 85% were adenocarcinomas.
METex14 and flanking intron mutations were studied by PCR-direct T11 MALE 40 @ Current ADC T4AN3M1b IV c.3028+5T>G UNKNOWN - - EGFR DEL EX19
sequencing using DNA extracted from paraffin blocks. T12 FEMALE 53 | Current ADC T1aNOMO I p.D1028N SKIPPING POLYSOMY 0,9 KRAS p.G12C
CNAs were analyzed by fluorescence in situ hybridization (FISH) T13 MALE 60 Former NET T3INOMO N WT - AMPLIFIED 1,93 WT
with the MET / CEP7 probe (Abbott Molecular). Amplifications were
defined as mean gene by mean centromere ratio >1.8, and high 114 MALE 43 | Current ADC TxN2M1a IV wi - AMPLIFIED 1,86 ALK+
amplified cases were defined by ratio >5.0. (Figure 1) T15 MALE 40 @ Current ADC T3N3MO 11 WT - AMPLIFIED 2,69 WT
When possible, reverse transcriptase PCR (RT-PCR) was performed T16 @ MALE 72 | Former ADC T4N1MO 1l WT - AMPLIFIED 2,22 EGFR p.V774M
to validate mutations leading to exon 14 skipping.
val Hiat NE 1o ex PPING T47 MALE 53  Current ADC T2N2MO il WT : AMPLIFIED 2,92 WT
We collected clinical-pathological data together with EGFR and KRAS
mutational status and ALK, ROS1 and RET rearrangements. Ti8 MALE 56 | Former ADC T2NOMO ' WT - AMPLIFIED 2,82 WT
Figure 2. Representative FISH images of MET copy number alterations. MET is labeled in spec. T19 MALE 64 | Current CA ADC T1bNOMO | WT : AMPLIFIED 2,4 WT
* = Orange and CEP7 in spec. Green (Abbott Molecular). (A) MET amplification with a ratio MET/CEP7 _
D U of 2.2. (B) MET cluster amplification with a ratio MET/CEP7 >5. (C) Case with a high polysomy of 120 MALE 3 | Former NSCLC NOS TXNSMO . WT AMPLIFIED 2,38 WT
Centromeric portion —>@ O chromosome 7, ratio MET/CEP of 1.2. (D) Case with a low polysomy 7. T21 MALE 46 | Current ADC T1bN3M1ib = IV WT - AMPLIFIED 9,65 WT
Target gene — 1@ OO0 ‘ — = = = = T22 @ MALE | 71 | Current ADC T1bN3M1b = IV WT : AMPLIFIED 6,1 WT
] HEEN -~ ; B i S s T i e i o e e ;G} 0 T23 MALE 71 | Former ADC T2bN3M1b IV WT - AMPLIFIED 8,6 WT
polysomy amplification ]] l, T24 MALE 55 | Current ADC T3N3M1b IV WT - AMPLIFIED 3,8 WT

Cappuzzo, 2009: Ratio MET / CEP7 22,0y MET 25,0

| l n '| :,‘ | AD:Adenocarcinoma; CA: carcinoma; NSCLC NOS: non-small cell lung carcinoma not otherwise specified; NET: Neuroendocrine Tumor

f. ‘ H WT: wild-type
Camidge, 2014: Ratio MET / CEP7 >2,2 T TP P
Noonan, 2016: Ratio MET / CEP7 21,8 y 25,0 Conclusions
Figure 1. FISH criteria to determine the MET amplification. The ratio " - hebleh B s iz : = . e METex14 skipping mutations define a small subgroup of patients with NSCLC.
MET/CEP7 allow us to rule out the possibility of polyploidy. MET c.3028+1G>A MET c.3028G>A MET c.3028+3A>G

® Rarely, MET gene amplification might coexist with MET mutation.

p.D1028N ® Both, METex14 skipping mutations and MET CNAs represent a new therapeutic target for patients with NSCLC and should be

Figure 3. Representative images of METex14 mutations in NSCLC. The nucleotide changes in the incorporated to the diagnostic protocols of these patients. de Salut
chromatograms are indicated by arrows. Barcsiona
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Background

TMPRSS2-ERG rearrangement is the most common genetic alteration in prostate cancer (PrCa). It has been reported as an early event in prostate carcinogenesis but its role
in PrCa development is still controversial. ERG fusion with SLC45A3 (Prostein), a gene involved in prostatic differentiation, is the second most common rearrangement. PTEN
loss is a crucial step in PrCa pathogenesis and has been associated with high grade tumours. In an ERG+ subset of prostate cancer (PrCa), we reported that combined ERG
expression, Prostein loss and PTEN loss (“triple hit” or 3-hit) is associated with high grade and stage PrCa and with shorter PSA progression-free survival, while ERG expression
alone is related to lower Grade group tumors.

E-cadherin is an adhesion molecule related to cell differentiation. -Catenin is a submembrane protein involved in cell adhesion and signal transduction and forms a complex
with E-cadherin. Loss of E-cadherin and [3-Catenin membrane expression (and translocation to the nucleus for the latter) are markers of epithelial-mesenchymal transition
(EMT), a process through which epithelial cells acquire motility, invasive properties and metastatic potential. CD44, an adhesion molecule expressed in prostate basal cells,
has been reported in a subpopulation of prostate stem cells with tumor-initiating and metastatic potential. Bcl-2 protein has anti-apoptotic effects and has been involved in
PrCa chemoresistance.

The aim of the present study has been to investigate by means of immunohistochemistry the relationship of ERG, Prostein and PTEN expression with E-cadherin, 3-Catenin,
CD44 and Bcl-2, as markers of EMT, stemness and apoptosis regulation, respectively, in a series of PrCa.

Results

A TMA series with 220 radical prostatectomies (with a mean of three cores per case), selected retrospectively from the files of the Parc de Salut MAR Biobank (MARBiobanc,
Barcelona, Spain), was stained with antibodies against ERG (primary rabbit anti-ERG monoclonal antibody (Ab) (clone EPR3864, Epitomics, Burlingame, CA, USA)), Prostein
(mouse monoclonal Ab (clone 10E3, Dako)), PTEN (mouse monoclonal Ab (clone 6H2.1, Dako)), E-cadherin (mouse monoclonal Ab (clone 36, Ventana, Roche)), 3-Catenin
(mouse Ab (clone 14, Ventana, Roche)), Bcl-2 (CONFIRM anti-bcl-2 mouse monoclonal Ab (clone 124, Ventana, Roche)) and CD44 (rabbit monoclonal Ab (clone SP37, Ventana,
Roche)), with the Dako Envision+ System-HRP (Dako, Glostrup, Denmark). The results were assessed by a team led by two pathologists.

ERG was considered positive (as a result of its rearrangement) when nuclear expression in PrCa cells was found. Endothelial cells were used as internal positive control.
Prostein loss (as a result of its rearrangement as well) was assessed as follows: score O (absence or marked loss of cytoplasmic expression in PrCa cells when compared to
benign prostate glands), score 1 (partial loss of cytoplasmic expression) and score 2 (intense, homogeneous cytoplasmic expression). PTEN loss was also evaluated with a
three-tiered classification: score O (complete loss of nuclear and cytoplasmic expression in PrCa cells when compared to benignh prostate glands), score 1 (partial loss of nuclear
and cytoplasmic expression) and score 2 (preserved nuclear and cytoplasmic expression). We considered that there was E-cadherin and [3-Catenin loss when they were
completely negative or when there was a partial loss of membrane expression compared to benignh prostate glands. Bcl-2 loss was considered when there was absent or weak
cytoplasmic expression when compared to benignh glands. CD44 expression was assessed in the membrane of PrCa cells, using basal cells as internal positive control.

From 98 ERG+ PrCa, Bcl-2 expression was found in 44 (44.7%) versus (vs) 31/108 ERG- cases (26.7%) (p= Figure 1. Grade group 3 prostate
0.015) (Figure 1). From 85 ERG- (wild type) PrCa, 58 were CD44+ (68.2%) vs 35/67 ERG+ PrCa (52.2%) (p= cancer with nuclear ERG

Figure 3. Grade group 5 prostate
cancer (4+5= 9 Gleason score,

Figure 2. Grade group 1 prostate
cancer (3+3= 6 Gleason score)

0.044) (Figure 2). From 64 cases with Prostein loss, 29 (45.3%) were associated with E-cadherin loss in contrast
with 19/136 Prostein wild type (wt) cases (13.6%) (p< 0.0001) (Figure 3). From 65 cases with Prostein loss,
B-Catenin was lost in 25 (38.4%) vs 34/138 Prostein wt cases (24.6%) (p= 0.042) (Figure 4). From 73 PrCa
with PTEN loss, 26 (35.6%) were associated to E-cadherin loss vs 22/127 PTEN wt cases (17.3%) (p= 0.0035)
(Figure 5). Finally, from 21 cases with the 3-hit, 15 (71.4%) were associated to E-cadherin loss compared to
33/179 non-3-hit cases (13.4%) (p< 0.0001) (Figure 6). For a summary of the results see Table 1.

Tablel: Summary of results.

E-cadherin | Pearson | -Catenin | Pearson| Bcl-2 + | Pearson | CD44 + | Pearson

loss loss
ERG + 29.9% 0.0580 27.7% 0.6801 44.7% 0.0158 52.1% 0.0445
(29/97) (27/97) (44/98) (35/67)
Prostein 45.3% <0.0001 38.4% 0.042 34.7% 0.749 54.5% 0.283
loss (29/64) (25/65) (23/66) (24/44)
PTEN 35.6% 0.0035 34.7% 0.189 37% 0.899 56.1% 0.3229
loss (26/73) (26/75) (27/73) (32/57)
“3-hit”* 71.4% <0.0001 45.5% 0.0758 27.3% 0.569 40% 0.0761
(15/21) (10/22) (6/22) (6/15)

*73-hit”: Triple hit (ERG expression, Prostein loss and PTEN loss).

In our PrCa series, Bcl-2 is more commonly expressed in ERG expressing tumors and, on the other hand, CD44 expression
is significantly related only to the ERG negative PrCa subset. Prostein loss, PTEN loss and the "triple hit" combination (ERG
expression, Prostein loss and PTEN loss) are significantly associated with changes in adhesion molecules involved in
epithelial-mesenchymal transition (E-cadherin and 3-Catenin loss). These changes are probably related to the higher

aggressiveness of this subset of tumors.

Supported by: FIS/Carlos lll/FEDER/P115/00452, Spanish Ministry of Health.
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Introduction

The great majority of cases of prostate cancer (PrCa) harbor gene rearrangements in members of the ETS family. TMPRSS2-
ERG has been reported as an early event in prostate carcinogenesis. ERG rearrangements and PTEN loss are frequent and
concomitant events in PrCa that cooperate in progression. In addition, PTEN and TP53 tumor suppressor genes are deleted
in about 20-40% of PCa and the E3 ubiquitin ligase adaptor speckle-type POZ protein (SPOP) is mutated in about 10% of
the samples. SPOP protein targets ERG protein for ubiquitin-proteasome degradation. SPOP is frequently dysregulated in
PrCa, either via somatic mutations or mRNA downregulation, suggesting an important tumor suppressor function. Moreover,
SPOP mutations are associated with an increase in ERG protein levels, but these mutations appear to be mutually exclusive
with ERG rearrangements in a subset of PrCa.

Objectives

The objective of this study is to analyze the prevalence of SPOP alterations in PrCa and to determine the relationship of SPOP
status, ERG rearrangement and PTEN loss with the different clinical and pathological variables of prostate cancer.

Material and methods

Tumor Samples and Patients.-

A total of 82 PrCa tumors and 3 benign prostate samples were selected retrospectively from the files of the Parc de Salut
MAR Biobank (MARBiobanc), Barcelona, Spain. Frozen samples were available from all cases. According to the ISUP 2016
grading criteria, the Grade Groups (GG) of the tumors were: 1 (n=14), 2 (h =20),3(h=16),4 (n =16) and 5 (h =9).

RNA Extraction and Retro-transcription.-

Total RNA was extracted from all 82 frozen prostate tumor samples and the 3 non-tumoral samples. RNA purity and quality
were assessed with NanoDrop® (NanoDrop Technologies, USA) and the Agilent 2100 Bioanalyzer (Agilent, USA). cDNA was
synthesized using 1ug of total RNA and Superscript Il (Invitrogen, Life Technologies Corporation, CA, USA).

SPOP mutational analysis.-

Mutational analysis of SPOP hotspot regions (exons 5 and 6) was performed from cDNA in all cases. Primer sequences and
PCR conditions are shown in Table 1. Sanger sequencing reactions were done with Big Dye Terminator Kit v.3.1 (Thermo
Fisher Scientific MA, USA).

SPOP, TMIPRSS2-ERG, ERG and PTEN RT-qPCR analysis.-

gPCR was performed from cDNA using TagMan® Gene Expression Assays (Thermo Fisher Scientific MA, USA). Samples were
run in triplicate and non-neoplastic prostate samples were used to normalize the data. Assay Identification for SPOP, TMPRSS2-
ERG, ERG and PTEN were: Hs00737433_m1, Hs03063375_ft, Hs01554629 _m1, and Hs02621230_s1, respectively. GADPH
(4310884E) was used as internal control. TMPRSS2-ERG positive rearrangement was considered for 2*(-ACt) > 0.0015. ERG
overexpression for 27 (-ACt) > 0.13, PTEN loss for 2”(-ACt) < 0.0035, and SPOP loss for 2*(-AACt) < 0.40.

Table 1. Primer sequences, PCR conditions and SPOP mutations found in prostate tumor samples.

PCR CONDITIONS

SPOP (cDNA)

Exon 5-6 forward
Exon 5-6 reverse

Primer sequence Fragment (bp) Temperature

TTGCGAGTAAACCCCAAAGG 271 63°
AAGCTTACCCTCTTCTGCGA 271 63°

MUTATIONAL ANALYSIS

Exon Type of mutation Number of Tumors Grade Group

5 1 2

® SPOP mutations are mutually exclusive with TMPRSS2-ERG rearrangement.

® Loss of SPOP expression is associated with TMPRSS2-ERG, ERG overexpression, PTEN loss and with the ERG-
overexpression/PTEN-loss phenotype.

® SPOP alterations (mutations plus expression loss) are more frequent in GG5 than in GG1 to GG4.

® ERG overexpression/PTEN wt/SPOP wt phenotype shows a trend to be associated with low Grade Group tumors.

® SPOP mutations may represent an alternative, ERG-wt pathway. However, SPOP expression loss is associated with

ERG fusion and PTEN loss in PrCa.

TMPRSS2-ERG, ERG, SPOP and PTEN quantitative mRNA
expression in PrCa.-

Forty-nine (59.8%) and 48 (58.5%) of 82 tumors overexpressed
TMPSS2-ERG and ERG mRNA, respectively. Loss of SPOP expression
by gPCR was detected in 22 of 82 tumors (26.8%), and PTEN loss
in 29 of 73 PrCa (39.7%) (Figure 1).

Figure 1. Prevalence of TMPRSS2-ERG, ERG overexpression,
SPOP and PTEN expression loss in PrCa.
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Figure 2. Examples of SPOP mutations. #Case 181, Y87C mutation in exon 5. #Case 18, exon
5 wt. #Case 183, F133L mutation in exon 6 and #Case 160, exon 6 wt.
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TMPRSS2-ERG, ERG overexpression and PTEN loss in PrCa
according to Grade Group classification.-

TMPRSS2-ERG rearrangement (p = 0.629), ERG overexpression
(p = 0.653) and PTEN loss (p = 0.427) were not associated with
any of the five grade groups. Also, neither the combination
TMPRSS2-ERG/PTEN loss (p = 0.423) nor ERG overexpression/PTEN
loss (p = 0.425) were associated with any of the five grade groups.

Percentage of Tumors

#Case 160
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Figure 3. Relationship of SPOP mutations with
TMPRSS2-ERG, ERG and PTEN status. SPOP mutations
are associated with non-rearranged tumors (A). SPOP
mutation prevalence is higher in ERG wt tumors (B) and
PTEN wt tumors (C) but without statistical significance.

SPOP mutations in Prostate Cancer.-

Five of the 82 (6.1%) prostate tumors showed SPOP mutations.
Number and type of mutations are shown in Table 1. One of 14
(7.1%) GG1, 1 of 20 (5%) GG2, 1 of 16 (6.3%) GG3, 1 of 16 (6.3%)
GG4 and 1 of 9 (11.1%) GG5 tumors harbored mutations in this
gene. Examples of SPOP mutations are shown in Figure 2.

TMPRSS2-ERG-
= TMPRSS2-ERG+

p = 0,0087

Relationship of SPOP mutations with TMPRSS2-ERG, ERG and
PTEN status.-

SPOP mutations are mutually exclusive with TMPRSS2-ERG
rearrangement (p = 0.00015) but not with ERG overexpression (p
=0.154) and PTEN expression loss (p = 0.149) (Figure 3A-C).

Figure 4. Relationship of SPOP expression loss with TMPRSS2-ERG, ERG and
PTEN status. SPOP downregulation was associated with TMPRSS2-ERG (A) and
ERG overexpressing tumors (B). SPOP downregulation was also associated with
PTEN loss tumors (C), and with ERG-overexpression/PTEN-loss combination (D).
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Relationship of SPOP expression loss with TMPRSS2-ERG, ERG
and PTEN status.-

Eighteen of 22 (82%) PrCa with SPOP expression loss harbored
a TMPRSS2-ERG rearrangement (p = 0.0136), and 17 of 22 (77.3%)
overexpressed ERG (p = 0.0370) (Figure 4A and B). In addition,
5 of 20 (75%) of tumors with SPOP downregulation showed also
PTEN expression loss (p = 0.00015) (Figure 4C), and 13 of 20
(65%) showed the ERG-overexpression/PTEN-loss combination
(p = 0.0012) (Figure 4D).
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SPOP alterations (mutations and expression loss), ERG and PTEN
status and Grade Group classification.-

SPOP alterations, taking together mutations plus expression loss,
were more frequent in GG5 (55.5%) than in GG1 to 4 (26.3% to
31.3%) but without statistical significance (p = 0.558) (Figure 5).
ERG+/PTENwt/SPOPwt phenotype was found in 43% of GG1 and
in 18.6% of GG2-5 tumors (p=0.077).
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] BACKGROUND ] RESULTS
B Detection of ALK and ROS1 rearrangements in non-small cell 'ﬂ"ﬂ”ﬁ“ﬂ" Patient’s characteristics were median age 60 years, 52% males, and 83% diagnosed as adenocarcinoma (ADC).

lung cancer (NSCLC) is required for directing patient care. B Regarding FISH results, 18 cases had split sighals, 21 had isolated 3’ signals, and three had negative FISH pattern with isolated 5’ signals (Figure 1). Testing with IHC, nine out of
B While fluorescence in situ hybridization (FISH) and immunohistochemistry :;;F;T:szfo the 42 cases were negative: the three isolated 5’ FISH negative and six isolated 3’ FISH positive cases (discordance FISH vs. IHC) (Figure 3).

(IHC) have been established as gold standard methods, next

NGS technology detected positive ALK and ROS1 fusions in 82% of the assessable samples (27/33), being EML4(13)-ALK(20) and EZR(10)-R0S1(34) the most prevalent (Figure 4).
generation sequencing (NGS) platforms are called to be at least \ _ptina Nine cases (21%) were non-evaluable by NGS due to insufficient sequencing coverage (seven were small biopsies with low RNA input).
equally successful, but also more compatible with multiplexing Regarding the six cases with negative NGS result: three were the isolated 5' FISH negative cases in accordance with negative IHC, and the other three presented isolated 3’ FISH

and diagnhostic workflows. positive pattern, negative by IHC (Figure 5).
B Our aim was to investigate the performance of NGS in the detection

of rearranged cases.
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. DESIGN

Forty-two NSCLC samples were selected retrospectively from our
database (h= 3.360) based on previous ALK (nh= 34) and ROS1 (h=
8) FISH results (positive or inconclusive) and material availability
(Figure 1).

Cases were tested by both FISH (Abbott Molecular) and IHC (Ventana)
in paraffin blocks, and were reviewed centrally to determine the tumor
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area. DNA and RNA were manually extracted from paraffin sections. Figure 1. Sample collection. Our Institution has Figure 3. Comparison between FISH, IHC and NGS. Cases with ALK or ROS1 positive FISH split sighals were all positive by IHC and EZR(10)-ROS1(34)
lon Torrent sequencing technology with Oncomine™ Focus Assay peen testin g NSCLC samples as a referral center NGS. Discordant cases were restricted to those considered FISH positive with 3’ isolated signals. (3/27) 11% _
(Thermo Fisher Scientific) were applied using 10ng DNA and 100ng since 2011. We screened all samples by FISH ALK 3'/5'imbalance
RNA from each sample (Figure 2). with break-apart probes. ____ NS || Gl AR B | _ NGS - (3/27)11% |
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prevalent. Remarkably, there were three ALK rearranged cases without
partner defined (imbalance 3’/5’).

1. Tumor content review

Figure 5. Discordant 3’ isolated FISH positive cases. These cases potentially indicate a FISH false-positive result caused by non-
productive rearrangements. Both IHC and NGS are valid alternative tests to check these alterations.

6. lon Reporter variant annotation and data analysis

3. Oncomine™ Focus Assay Library amplification

® NGS technology for detecting ALK and ROS1 rearrangements in NSCLC could be considered as a screening test although the success rate is closely
related to the correct evaluation of the initial amount of tumor tissue, particularly in small biopsies.

Figure 2. Oncomine™ Focus Assay workflow. Paraffin blocks were re-evaluated to ensure the minimum tumor area and percentage = The discordance observed in the isolated 3’ FISH positive cases potentially indicates that this alteration could be a FISH false-positive result. Parg

T . - - - . - - H ital de Salut
of infiltration. DNA and RNA were isolated using RecoverAll Total Nucleic Acid Isolation Kit for FFPE and 10ng DNA and 100ng m NGS technology could be used as an additional molecular technique for cases with inconclusive or discordant FISH/IHC results. del Mar MAR__
RNA were used to perform Oncomine™ Focus Assay (Thermo Fisher Scientific).
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