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Abstract

DNA copy number alterations (CNAs) are promisingnbarkers to predict prostate cancer (PCa)
outcome. However, fluorescengée situ hybridization (FISH) cannot assess complex CNA
signatures due to low multiplexing capabilities. INplex ligation-dependent probe amplification
(MLPA) can detect multiple CNAs in a single PCR agsbut PCa-specific probe mixes
available commercially are lacking. Synthetic MLIpPobes were designed to target 10 CNAs
relevant to PCa: 5q15-21.1CKID1), 6q15 MAP3K7), 8p21.2 NKX3-1), 8g24.21 MYC),
10g23.31 PTEN), 12p13.1 CDKN1B), 13ql4.2 (RB1), 16p13.3 (PDPK1), 16q23.1
(GABARAPL?2), and 17p13.XTP53) with 9 control probes. In cell lines, CNAs were etged
when the percentage of cancer genome was as 1080%s Compared to FISH in radical
prostatectomy (RP) formalin-fixed paraffin-embedd@&dPE) samples (n=18: 15 cancers, 3
matched benign), the MLPA assay showed mediantssatysand specificity of 80% and 93%,
respectively, across all CNAs assessed. In thelatdin set (n=40: 20 tumors sampled in two
areas), the respective sensitivity and specifigitiy)LPA compared advantageously to FISH and
digital droplet TagMan PCR (ddPCR) when assesBifigN deletion (FISH: 85% and 100%,
ddPCR: 100% and 83%) afiDPK1 gain (FISH: 100% and 92%, ddPCR: 93% and 100%). In
conclusion, this new PCa probe mix accurately ifiestCNAs by MLPA across multiple genes

using low quality and quantities (50 ng) of DNA dted from clinical FFPE samples.
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I ntroduction

Prostate cancer (PCa) is the most commonly diaghwaseeral malignancy in North American
men and a leading cause of cancer-related mortality PCa has a heterogeneous clinical
outcome ranging from an indolent disease to a geadtastatic cancer. Standard treatments for
localized PCa consist of radical prostatectomy (BPjadiotherapy, which are often associated
with significant adverse side effects. Active sulfaace, a close monitoring of the disease with
intent for therapeutic interventions at first sighprogression, has become a viable option for
patients with low-risk PC& The key challenge in the management of early iB@adistinguish
between indolent disease and clinically signifidamhors. Current prognostic parameters such as
pre-operative PSA levels, clinical staging and &eagrading of biopsy specimens cannot
accurately predict individual clinical outconfe which leads to overtreatment of clinically
insignificant diseases and under-treatment of agire cancers with metastatic potential as a
result of incomplete risk assessment at diagnbsBetter prognostic indicators would allow
immediate treatment of patients with potentialkg-ihreatening cancer and active surveillance
of patients who would not benefit from immediateagigressive treatments. Thus far, genomic
profiling has shed some light on the molecular tegfeneity of PCa and has identified potential
prognostic markers that can improve risk stratifamaand provide better assessment of disease
status. Loss of expression of tumor suppressoepratuch as PTEN can be assessed on tissue
section by a standard immunohistochemistry assdyhais been associated with poor clinical
outcome®. To assess simultaneously the expression of nreiltiipmarkers and improve patient
stratification, RNA-based assays such as Profa@ncotype Dx Genomic Prostate Sc§rand
Decipher genomic classifier have been developed. However, the development ulfipiex
DNA-based assays has lagged behind RNA-based msagkem though DNA holds several
advantages such as its resistance to degradatobritsastability in various physiological and

environmental conditions.
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DNA copy number alterations (CNAs) are genomicratiens consisting of deletion or gain of
genomic DNA segments ranging from one kilobasest@sal megabases that may influence the
function of several genes and regulatory elem€rasd impact disease progresstort? In PCa,

CNAs are more common than single nucleotide alterat® **

and their frequency increases in
advanced cancerf§'® Gain of oncogenes such B&C and loss of tumor suppressors such as
PTEN and TP53 are examples of CNAs that are associated withadesg@rogression and may
serve as prognostic biomarkers in PC& Moreover, assessing the CNA statu$8EN would
improve the outcome prediction of its expressionasseed by immunohistochemistfy
Furthermore, studies suggest that the assessmantahbination of multiple CNAs in primary
tumors improves patient risk stratificatidfi ?*° The gold standard method for detection of
CNAs in clinical tissue samples is fluoresceitsitu hybridization (FISHY*. However, FISH
sensitivity and resolution are probe dependentiampdementation for high throughput analysis
has been limited by the cost of reagents, labor taedsmall number of CNAs that can be
assessed in a single as$4yGiven the small amount of tissue obtained frowsfate biopsies,
there is an unmet need for new multiplex assayapigy CNA biomarker signatures in the
clinical setting. However, the development of saskays based on extracted nucleic acids must
confront the challenge of prostate tumor tissugésrbgeneity that often include benign glandular
and stromal cells alongside cancer cells. Thuspm@n DNA extracted from such samples
consists of cancer cell DNA diluted to various dsgr with benign cell DNA.

Multiplex ligation-dependent probe amplification I(MA) is a multiplex PCR-based CNA
detection method’. MLPA probes consist of two “half-probes”, flankéy universal primer
binding sites, which hybridize next to each otherat specific DNA sequence target (CNA
region). Upon ligation of the two half probes, whican only occur if the DNA target sequence
is present in the sample, the complete probe is RERIified using fluorescently labeled

primers. By addition of a stuffer sequence at thgigh step, each MLPA probe is given a unique

4
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size and fluorescent PCR products correspondintpitget sequences can be separated and
guantified by capillary electrophoresis. MLPA cass@ss up to 50 different loci in a single
reaction with a resolution of 30-60 bp and is cotilgha with low amounts (50 ng) of fragmented
DNA extracted from FFPE biopsy samples. This assdyw-cost, and results can be generated
within two days using a multi-well format suitaliteg high throughput analysis. MLPA has been
used to simultaneously detect multiple CNAs in aietst of cancers® ?° However, to our
knowledge there is currently no PCa-specific pnuide available to assess multiple PCa relevant
CNAs. In this study, we report the design, validatand application of a PCa specific MLPA

probe mix that can be used on FFPE samples tosase&NAS relevant to this disease.

Materials and M ethods

Cdl lines

Human prostate cancer cell lines PC-3, DU145, aN€C4P were purchased from American
Type Culture Collection (ATCC, Gaithersburg, MD)dahe LAPCA4 cell line was obtained from
Dr. Robert Reiter, Department of Urology, Univeysif California, Los Angeles. All cell lines

were cultured in Hyclone RPMI 1640 media (GE Lifgehces, Chicago, IL) supplemented with
10% fetal bovine serum (Wisent Bioproducts, Sa@#@riBaptiste, Canada), Gibco 1%

penicillin-streptomycin, and 2 mM L-Glutamine (They Fisher Scientific, Bedford, MA).

Prostate tissue samples
This study was approved by the Research EthicsdBo&mMcGill University Health Centre
(Quebec, Canada, BDM-10-115) and amended to inchkataples from Kingston General

Hospital collected with the approval of the Queddisversity Research Ethics Board (Ontario,
5
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Canada). All RP FFPE specimens were histologicedljiewed centrally by pathologists to
identify the cancer area and assign the final Gleagade, according to the latest International
Society of Urological Pathology/World Health Orgeation recommendatiori8. The samples
from Queen’s University were used to develop théhoe: and hereafter will be referred to as the
test sample set (n=18: 15 cancers and 3 matchedrnbareas, Table 1). Tissue cores of 0.6 mm
were harvested from the same RP FFPE block toaxXiidA for MLPA (3 cores) and to build a
tissue microarray (TMA) used for FISH analyses (8es). For the method validation, an
independent set of RP FFPE tissue specimens (ri24umors sampled in two areas, Table 1)
collected at the McGill University Health Centrereeored (3 x 0.6 mm, 2-3mm in length) for
DNA extraction in two tumor areas representing tiighest (A sample) and lowest (B sample)
Gleason grade patterns identified by the patholegi&hen only one Gleason grade pattern was
represented, the two sampled areas were assignéd do B randomly. The FISH on the
validation samples was then performed on tissuéosecof the same blocks used for DNA

extraction.

DNA extraction

DNA from cell lines was extracted using Qiagen D&edlood & Tissue Kit (Qiagen Inc.,
Toronto, Canada). Two million cells grown in monaes were detached using Gibco trypsin
and washed twice with PBS before DNA extraction oaginng to Qiagen manufacturer
instructions. For FFPE tissue samples, the DNA swdracted from three 0.6 mm cores with a

modified protocol of the AllPrep DNA/RNA FFPE KiQ{agen) as previously describ&d

Normal reference DNA samples
Commercially available normal female genomic DNArofRega, Madison, WI), hereafter

referred to as fresh DNA, DNA extracted from FFP&hplogy punches of normal kidney

6
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(McGill University Health Centre) and normal bredgimph nodes (Ontario Tumor Bank,
Ontario Institute for Cancer Research) were usedfasence samples for MLPA experiments.
To assess the CNA detection limit, commercially ilabde normal male genomic DNA

(Promega) was used to dilute PC-3 genomic DNA.

ML PA probe selection, design, and synthesis

Due to technical limitation in the synthesis of domligonucleotides with high coupling
efficiency, synthetic MLPA probe mixes generallglide 20-30 probe¥>* Thus, to build a
PCa specific MLPA probe mix and considering the hamof synthetic probes that can be
included, we performed a literature review and ekt ten relevant genes (loci) that undergo
CNA in PCa and are known to be associated withicgllnoutcome or have the potential to
improve patient risk stratification. These inclute known oncogenMYC (8q24.21)*" %% 23

the tumor suppressoFSTEN (10g23.31)'% 2022 3°Tp53 (17p13.1)' 1 3¢ CDKN1B (12p13.1)
3738 andRB1 (13q14.2)** 3 genes in loci associated with metastasis SUCBABARAPL2
(16023.1)*> ® andPDPK1 (16p13.3)*> ** and genes associated with the previously destribe
molecular PCa subtypés CHD1 (5q15-g21.1)*> ** 43 MAP3K7 (6q15)** ** “*and NKX3-1
(8p21.2)" (Table 2).

For normalization and data analysis, MLPA also nexguinternal reference probes targeting loci
that are less likely to undergo CNA. Most synthéfltPA probe mixes use a commercially
available reference mix named P200 from MRC-HollaMRC Holland, Amsterdam,
Netherlands) for this purpose. The P200 referenpeisnunsuitable for PCa since it contains
probes that target loci commonly deleted in PCahsas 21022 TMPRS2-ERG fusion) “*/,
10922, 5931 and 16q24 © Therefore, three publicly available PCa CNA detss" * *°were

analyzed to select genes least affected by CN%¢4) and were used to design nine new

reference probes (Table 2).
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MLPA probes were designed using MLPA Designer &8ftware (PREMIER Biosoft, Palo
Alto, CA), according to guidelines provided by MR@lland. All genomic sequences were
obtained from the NCBI Reference Sequences (Ref&sqpase. Twenty probes were designed
for each exon of the selected genes. The GC comtastchosen to be between 40% and 65%
and the Tm was 72 = 5°C for all probes. The assay designed to suit DNA fragments shorter
than 200 bp typically extracted from FFPE sampleand therefore the combined hybridization
sequences of the 5" half-probe and 3’ half-proballgbrobes were kept under 200 nucleotides.
The top-ranking probes based on GC content, TrmpinaAG and probes terminal nucleotide
sequences were assessed for probe-probe intesadloybes showing interactions stronger than
-3 AG were replaced with the next ranking exon probedlable. In instances that exon probes
could not be selected, intron probes were designed.

Two probes for each CNA gene targeting two differganomic regions and one probe per
reference gene were selected in the final probe 8tixffer sequences as previously reported by
Zhi and Hatchwelf®®, were added between the hybridization sequencehendniversal primer
binding sequences of each half-probe to give ausigngth to the final probe with at least three
nucleotide length differences between consecutrabgs. The lengths of the complete MLPA
probes (ligated 5 and 3’ half-probes including flgu sequences) were kept under 260
nucleotides, since longer synthetic probes didyneld reproducible results (data not shown).

Probe specificity was confirmed by BLAT (https:Mgene.ucsc.edu/cgi-

bin/hgBlat?command=start, accessed on October /). The presence of known PCa

mutations and SNPs within the probe target sequeraseruled out using Ensembl Variation
databasé’ and PCa SNP data downloaded from cBioPortal wehsispectively® °:

All probes were synthesized and purified using ddath desalting by Integrated DNA
Technologies (IDT, Coralville, 1A) and received &atnmole scale. The 3’ half-probes were 5’

phosphorylated. Probes specifications including to®rdinates of their target sequences

8
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according to the 2013 UCSC Genome Browser asse(higly8) are available in Table 2. All
probes were dissolved and diluted in,Tuffer (10mM Tris-HCI, 1 mM EDTA; pH 8.0). A
synthetic probe mix was constructed by adding 0.8f| 1 uM concentration of each half-probe
and 1:25 dilution of the CF004-Al control fragme(@tD-control fragments, Lot: A1-0715,
MRC-Holland), allowing assessment of DNA quantitgajuality of MLPA reactions. The final
volume of the probe mix was then adjusted to 60Qugihg TE buffer. The newly designed

probe mix was named “PCa probe mix”.

ML PA reaction and analysis

The MLPA reaction was performed according to theRALGeneral Protocol (One-Tube) using
MLPA kit EK1-FAM (MRC-Holland). Components of thétland buffers are available in MLPA
General Protocol (MDP version-007; Issued on 01dWa2019) at the manufacturer website.
Unless otherwise specified, each experiment includigplicate reactions for each sample and
four repeats of each reference sample.

Briefly, for each reaction, 50 ng of DNA in 5 ul 0k, buffer (10mM Tris-HCI; 0.1 mM
EDTA, pH 8.2) was used. After initial denaturatian9&C for 5 min, the hybridization mix (1.5
pl of PCa probe mix and 1.5 pl of SALSA MLPA buffper reaction; as per manufacturer
instructions) was added at room temperature. Aftenaturation at $& for 1 min, the
hybridization was performed at ®D for 16 h. The ligation mix (25 pl of ddH20, 3 gfl Ligase
buffer A, 3 ul of Ligase buffer B and 1 ul of SALSAgase-65 per reaction) were then added at
54°C followed by incubation at 5€ for 15 minutes and then @ for 5 minutes. The
polymerase mix (7.5 ul of ddH20, 2 ul of PCR prim@xk and 0.5 pl of SALSA polymerase per
reaction) was added at room temperature and the re&dion was carried out for 35 cycles of
95°C for 30 sec, 6T for 30 seconds and 2 for 1 minute followed by a final extension of 20

minutes at 7. For all reactions, a Bio-Rad MyCycler thermatley and Bio-Rad PCR plates

9
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(Cat. No. 2239441) and caps (Cat. No. TCS0803) weesl. For detection of the error-rate of
the assay, another thermal cycler (T100 Bio-Radgtdes, CA), different PCR plates (Cat. No.
ABO0600, Thermo Fisher Scientific), caps (Cat. NBO®65, Thermo Fisher Scientific), mineral
PCR oil (Vapor-Lock, Qiagen) and a different refere probe mix (P200 — B1, Lot: B1-1215,
MRC-Holland) were also used.

Capillary electrophoresis was performed by the Gaos platform of the Institute for Research
in Immunology and Cancer (IRIC), Université de Méal using GeneScan 500 LIZ dye Size
Standard molecular weight marker (Thermo Fisheer8dic) and ABI 3730 DNA analyzer
equipped with G5 filter set.

Coffalyser software (Version 140721.1958, MRC-Hotlp was used for fragment and
comparative analyses of CNAs, using default sedtingless otherwise indicated. The manual
probe recognition method was applied. Intra samplenalization was performed by calculating
the median value of the test probe over each of réference probes and inter sample
normalization was performed by calculating the agervalue of the normalized probe signal in
test sample over each of the reference samplesclalsic and the P.I.N.P.2 analysis protocol
were used for CNA analysis of cell lines and FFRE@es, respectively.

Four replicates of fresh healthy female genome wesed as a reference population in the
analysis of cell lines and four replicates of eaeference sample (fresh female genome, DNA
extracted from normal FFPE kidney and breast lympte reference samples) were used as
reference population for analysis of FFPE samestesting further analysis approaches, probe
ratios, standard deviations and CNA calls baseduwaff points (probe ratios below 0.65 are
considered deletion and above 1.3 are considereghia3 and CNA calls based on the 95%
confidence intervals of probes (as described belwsve exported to Microsoft Excel 2017.

For the 95% confidence interval approach, gainelettbn calls were assigned for each probe

according to the Coffalyser software if this valoehe test samples was respectively above or

10
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below those observed in reference samples. If 83 €nfidence intervals in the sample and the
reference overlapped, normal copy number calls assigned. In FFPE tissue samples, only
MLPA calls for gain ofMYC and PDPK1 as well as deletion of the remaining eight targete
genes were considered as CNAs in the analyses.

Reactions showing high standard deviation (>10%hare than four probes were considered to
fail the quality control (QC) and were repeateds{ifficient DNA was available) or removed
from the analysis.

For comparison with existing datasets, the protiesaesulting from the MLPA analysis of the
four PCa cell lines were log2 transformed to corapaith two CNA datasets generated by
array-CGH (Array comparative genomic hybridizatiodhao et aP? and the cancer cell line
encyclopedia (CCLE)®. Pearson correlation coefficients between all dptants were

calculated.

Fluorescencein situ hybridization (FISH)

The TP53 CNA (17p13.1) was assessed using TP53 / CEP 1H BI8be kit from Abbott
Molecular (Des Plaines, IL).

The following BAC clones mapping to the remaininmentarget genes were labeled with
Spectrum Orange dUTP (Enzo Life Science, FarmirggdsllY) using Nick Translation kit
(Abbot Molecular) and used for FISH: RP11-813D11(%g21.1,CHD1), RP1-154G14 (6q15;
MAP3K7), RP11-325C22 (8p21.2\KX3-1), RP11-440N18 (8q24.21MYC), CTD-2557P6
(10923.31;PTEN), RP11-180M15 (12p13.2-p13.CDKN1B), RP11-893E5 (13q14.2RB1),
RP11-16C11 (16¢23.BGABARAPL2), and RP11-20123 (16p13.BDPK1).

The following control probes for each chromosomeengsed: Centromere enumeration probes
labeled with Spectrum Green CEP6, CEP8, CEP10,GiE12 (all from Abbot Molecular),

green 13qtr subtelomere probe (Cytocell, Cambritdgeted Kingdom) as well as RP11-530D2

11
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(5p12) and pHuUR-195 (16gh) labeled with SpectruraeBrdUTP. Th&TEN CNA in cell lines
was detected using the XT PTEN/GRID1 probe (Metasys, Newton, MA).

Specificity of FISH probes was confirmed on nornmaétaphase chromosome preparations
(Molecular Genetics Laboratory, McGill Universityelllth Centre). Metaphase spreads of PC-3
and LAPC4 cells were prepared for FISH hybridizatiBriefly, cells were grown in standard
culture medium described above supplemented witlg/inl of Invitrogen Colcemid (Thermo
Fisher Scientific) for three hours and then washét PBS and detached using Gibco Trypsin.
After a centrifugation step at 1000 x g for 5 mawsjt5 million cells were resuspended in 2 ml of
0.56% KCI solution and incubated at room tempeeafar 5 minutes. Cells were re-centrifuged
(1000 x g, 5 minutes) and fixed in 0.5 ml of methlaglacial acetic acid (3:1) solution before
being spread on slides and air dried. Slides wese pretreated by incubation in 70% formamide
and saline-sodium citrate (SSC) solution (0.3 Miswdchloride and 30 mM trisodium citrate,
pH 7.0) at 75°C for 5 minutes followed by dehydratin ethanol series of 70%, 85% and 100%
for one minute each. The test and control FISH g@soblong with the target DNA were
codenatured at 73°C for 6 minutes and left to luibei overnight at 37°C using the ThermoBrite
System (Abbott Molecular). Post-hybridization wastveere performed in 2X SSC and 0.3%
NP-40/0.4X SSC at 73°C for 2 minutes and 1 minwuepectively, followed by a 30-second
incubation at room temperature in 2X SSC. Dualdcdissue FISH was performed on 5um

sections of TMAs or whole tissue blocks as we presiy reported®,

FISH data analysis

To evaluate copy number status, fluorescent signedee counted in 100 non-overlapping
interphase nuclei for each case (as identified omesponding H&E staining for tissues)
counterstained with ProLong Diamond antifade reageth DAPI (Thermo Fisher Scientific),

to delineate nuclei. Deletion was defined>45% of nuclei containing one or no test locus digna
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and by the presence of two control signals as weeipusly reported®. A gene was considered
homozygously deleted ¥15% of nuclei had no test locus signal and two @disignals. A gain
was defined as present at a threshold% of nuclei containing three or more test locus
signals and by the presence of two control sighiadages were acquired with an Olympus 1X-81
inverted microscope at 96X magnification, using dgedPro Plus 7.0 software (Media

Cybernetics, Rockville, MD).

Digital droplet TagMan PCR

Digital Droplet PCR for CNA analysis ®TEN and PDPK1 was carried out using TagMan
probes targeting the same regions assessed byltRA ldrobes. For th®TEN gene, probe (5'-
16-FAM/AGAAAGCTTACAGTTGGGCCCTGT/lowa Black/-3') andprimers (forward: 5'-
TCTGTCGCCATGGCTTATTC-3’, reverse: 5-CACCAAGACCCTEITCAAA-3) were
designed to target exon 9 and for thePDPK1 gene, probe (5/6-
FAM/CGTGTACGGAGTTCCACTTTCCATGA/lowa Black/-3") andprimers (forward: 5'-
AGCAGCTTACATGTCTGAAGTTA -3, reverse: 5-TGTTCAAGAGAGCTACAAAGG-3))
were designed to target the intron 10 region. Rterisample normalization, a probe targeting
AGO1 (1p34.3) (5-HEX/ CAAGTCCAGTGACCACACTCCCAG/ lowa lBck-3’, forward
primer: 5-GAAGATGATGCTCAACATTGATGG-3,, reverse pmer: 5'-
AGAGCTGGGAGGGATGAG-3’) was used. Test and controdlges were respectively labeled
with 6-FAM (Fluorescein amidite) and HEX (Hexaclddfluorescein) dyes (IDT). DNA
extracted from normal kidney (FFPE tissue) was usedhe reference sample. Fresh female
genome and PC-3 cell line DNA were used as controls

The assay was carried out by the Genomics plattdriRIC, Université de Montréal according
to Bio-Rad TagMan gqPCR instructions (Bio-Rad) wsttme modifications as described below.

Amplification was performed in a 30 multiplex reaction containing 6 ng of purified BN
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500 nM of primers and 250 nM of probes, 2X ddPCR&emix for probes (no UTP) and 5

unit/reaction Xhol enzyme (New England Biolabs,w$h, MA). Samples were subjected to
droplet generation by an automated droplet gener&nd-point PCR was performed with

cycling steps as follows: initially an enzyme aation at 95°C for 10 minutes followed by 50
cycles of denaturation, annealing and extensionh(egcle at 95°C for 30 s; 58°C for 1 min;

72°C for 30sec; 2.5°C/sec ramp rate) and finallgyeme deactivation at 98° C for 10 min.

Droplets were read on droplet reader QX200 (BiojRadd data were analyzed using
QuantaSoft Software (Bio-Rad) which determinesrbers of positive and negative droplets
for each fluorophore in each sample. The fractibrpasitive droplets was then fitted to a
Poisson distribution in QuantaSoft Software (BicdR determine the absolute copy number in
units of copiesil.

Average ratios of duplicate reactions were usednfomalization. Intra sample normalization

was done by calculating the ratio of the test prober AGO1 reference probe and inter sample
normalization was done by calculating the normalipeobe ratio in the test sample over the
normalized probe ratio obtained from the kidneyerefnce sample. Cutoff for gains (>1.2) and
deletion (<0.8) corresponded to two standard dewiatabove and below the average ratio
obtained from samples (fresh female DNA and tumbiACfrom FFPE blocks) with no gains

and deletions based on MLPA and FISH assays.

Statistical softwares
Statistical analyses were performed using GraphPasin version 6, except for the 95%
confidence intervals calculation and McNemar tedtich were done using MedCalc Version

19.3.1 and IBM SPSS version 25, respectively.

Results
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Assessment of the performance of designed ML PA probesin presence of normal genome

MLPA was selected as a suitable assay to meadwtes @om small amounts of genomic DNA
that can be extracted from FFPE tumor samplesrnuliplex format (Figure 1A). A custom-
made MLPA probe mix including nine control probasgeting CNA quiet loci was designed to
simultaneously determine the CNA status of ten geakevant to PCa prognostication (Table 2).
To assess potential probe-probe interactions, aMidaction was carried out in the absence of
DNA (water) and showed no peaks in the region spwading to the designed probes (101 to
232 bp), confirming the absence of false-positiignals (Figure 1B). As expected, strong
guantity control Q-DNA probe peaks at 64, 70, 7tg 82 bp, indicated the absence of DNA
contamination and probe-probe interactions in &emtise successful PCR reaction.

In presence of normal genomic DNA, each probe gaadrone specific fluorescence peak, all
within the acceptable range of 1000 to 35000 nedatiuorescent units (RFU), that appeared on
capillary electrophoresis 2-4 nucleotides smaleraverage than the designed length, which is
consistent with the results obtained by Stern et®aind likely explainable by the negative
charge-to-mass ratio of the dy&(Figure 1C). Consistent with normal copy numbdues, the
probe ratios in the fresh normal genomic DNA (4dlioapes of both male and female) and FFPE
(6 replicates of both normal kidney and normal brégmph node) were respectively between
0.94 and 1.04 and between 0.9 and 1.07 with less 8% standard deviation (Figure 1D,
Supplemental Table S1). The false-positive rat¢hefnew assay was assessed in six separate
experiments of MLPA (96 repeats each) using the R&& probes mix with the designed
reference probes or the commercial P200 — B1 neder@robe mix on fresh normal genomic
DNA. Each experiment assessed potential sourcesridtion due to the thermal cycler, the
experimenter, the PCR plates, the caps and thenresof a mineral oil overlay to minimize
evaporation. On average across the six experimehes,false CNA call was very low,

representing 3.65% (95% confidence interval: 2.778t62%) of the reactions or 0.89% of the
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probes in each experiment (total of 2,784 probB%) @8onfidence interval: 0.46% - 1.31%). The
error rate was independent of probes or any ofadsessed parameters mentioned above and

appeared to be intrinsic to the assay.

Detection of CNAsin PCa cdl linesby ML PA

The PCa probe mix was next applied to fresh gen@hiA extracted from PCa cell lines (PC-3,
DU145, LNCaP, and LAPC4). The Pearson correlatietwben the probe ratios of duplicate
reactions was 0.985 (95% confidence interval: 0-90889p <0.0001). Reliability of the assay
was assessed by repeating MLPA performed on PG8nge in ten separate experiments which
showed consistent CNA calls (Fleiss’ Kappa= 0.7%9confidence interval: 0.72 — 0.8p,
<0.0001).

In all probes, with the exception @HD1 intron 1, a positive Pearson coefficient of catien
was seen when comparing the log2 transformed pratiess generated from MLPA analysis of
the four cell lines and those obtained from the published array-CGH datasets of Zhao et al
and the cancer cell line encyclopedia (CCPHjTable 3). Of note, MLPACHD1 intron 1 probe
targets the cytoband 5g21.1 while the exon prolvgeta 5915 as the array-CGH probe.
Moreover, the correlation coefficients between MiePA ratios obtained from probes targeting
the same gene were all above 0.7, with the exaepiioPDPK1 (0.56). The correlation
coefficients that are statistically significant andicated in Table 3.

Considering the standard cutoff for gain and detetMLPA detected previously reported CNAs
such asMYC gain, PTEN homozygous deletion, andKX3-1 (exon 2c probe) hemizygous
deletion in PC-3 cells (Figure 2A, upper panel)wadl as deletions oCDKN1B and CHD1
(intron 1 probe) in LAPC4 cells (Figure 2A, loweanel). Of note, theNKX3-1 and CHD1
deletions were respectively identified in PC-3 &AdPC4 cells by both probes targeting each of

these genes only when considering the 95% confelenterval. Moreover, the previously
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reported hemizygous deletion P53 in PC-3 cells® was called by the confidence interval
approach, but completely missed when considering fiked cutoff. These observations
indicated that the sensitivity of the MLPA assayinsreased by using the 95% confidence
interval instead of a fixed cutoff for calling t@NAs.

Intriguingly, ratios of probes targeting exon 9RIfFEN andNKX3-1 suggested a single copy gain
of these genes in LAPC4 (Figure 2A, lower panelp donfirm these observations, the
commercially availabl®TEN probe mix targeting exons 1 to 9 of the gene #amking genes at
10g23.31 (MRC-Holland) was applied on both celéeiinAs expected and in agreement with the
literature®®, a deletion from exons 3 to 9 BTEN was detected in PC-3 (Figure 2B, upper panel)
and one copy gain (exons 1-9) was observed in LAfE@yure 2B, lower panel).

Further validation was performed by FISH analysidP&€-3 and LAPC4 metaphase spreads with
XT PTEN/GRID1 probe (Metasystems) that targets distal region of thd®TEN gene from
exon 4 (red), the chromosome 10 centromere (aqu@)GRID1 (green) located at 10g23.1
betweenPTEN and the centromere. In PC-3 cells, an average6@®en and 4.6 aqua signals
were detected per nucleus with no red signal, stgge a PTEN deletion with a gain of
chromosome 10 centromere (Figure 2C). In LAPCA4, 4t® average red and green signals
suggested a gain at 10qg region including both RA&N and GRID1 genes as well as a
chromosome 10 centromere duplication with an aweg3.3 aqua signal per nucleus (Figure
2C).

Using MYC targeting probes, FISH in PC-3 showed an amptibcawith an average of 12.1
(red) signals per nucleus along with a 2.9 (greemfromeric signals for chromosome 8 (Figure
2C). In LAPC4, FISH suggestedMlYC and a chromosome 8 centromere amplification with a
average of 3.9 signals per nucleus for both tedtcamtrol probes (Figure 2C). For both genes

and cell lines, the ratios of CNA probes over coinprobes were similar in MLPA and FISH. As
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illustrated with the LAPC4 cells, MLPA, like otheatio-based CNA assessment method, can

detect genomic imbalances, but balance ploidiadtresnormal probe ratios (undetected).

Assessment of the CNA detection limit

In the context of prostate tumor tissues heterageaad to estimate the minimum content of
cancer cell DNA to accurately call CNAs with MLPA series of samples containing increasing
percentages of PC-3 DNA (0-100%) over normal hummate genomic DNA was used as a
template for MLPA. Fresh female genome was usdti@seference sample. Using pre-defined
cutoffs to call CNAs, amplification dAYC, deletion of PTEN andNKX3-1, and one copy gain
of CHD1 (exon 35 probe) could be accurately detected wherPC-3 genome was at least at
10%, 60%, 90%, and 80%, respectively (Figure 3A4)wever, if the CNA calls are made
based on the 95% confidence interval, all deletiang gains can be detected when the
percentage of PC-3 genome is as low as 30% W€ amplification is still detectable at 10%
(Figure 3A-D). Since tumor samples could have \deigumor content with different levels of
CNAs, a highly sensitive approach is required touaately detect these alterations. This is
especially important in prognostic assays on loadgr tumors that often have lower tumor
contents and low CNA levels. The 95% confidencerwdl approach would thus appear more

suitable to call CNAs in clinical samples.

Detection of CNAs using the ML PA designed probe mix in FFPE prostate tumor samples
MLPA was performed in duplicate reactions on athpkes of the test sample set. To account for
the range of variability expected in FFPE clinisamples and to match their DNA quality, we
opted to include two FFPE extracted DNA referenoesmal breast and kidney) in addition to

fresh genomic DNA. All reactions passed the QC wede included in the analysis. In parallel,
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FISH for the genes assessed by MLPA was performeall@orresponding samples represented
in a TMA.

Since each gene is targeted by two probes in thee gf?@be mix and duplicate reactions were
performed for each sample, various combinationsnef or two probes in one or both replicates
were considered to make the final CNA call for aregi sample. To explore different
normalization schemes for determining the CNA calés reaction, we first normalized all
reactions against the average ratio of the threeA Diference samples. In the second
normalization scheme, we normalized all reactiogairest each of the three DNA reference
samples separately, yielding three CNA data pgetsreplicate reaction. We further explored
whether conventional cutoff points, or the 95% werice interval were best suited to call the
CNA in each normalization scheme. Similar to thsuhes obtained with cell lines, a lack of
sensitivity of cutoff points in detection of CNA®led by FISH was evident (Supplemental
Table S2, approaches 1 to 8). Based on the 95%demck interval, the sensitivity of assays
remained low when the data were normalized agéimestaverage value of the three reference
samples (Supplemental Table S2, approaches 9 toHt®yever, the sensitivity, based on the
95% confidence interval, was improved when thegddteavas normalized against each reference
sample separately and the alteration was detectatleéast two of the three separately reference-
normalized datasets (Supplemental Table S2, appesat3-16). Although the sample size was
limited, results appeared optimal for most CNAdwapproach 14, yielding a median sensitivity
of 80%, specificity of 93% and accuracy of 89% (femental Table S2). With this approach,
the data is normalized against each of the thrderemce DNA samples separately
(Supplemental Figure S1). CNA in a gene was thidiseld when both duplicate reactions show
the same CNA in at least one of the probes targdtie gene and in at least two of the three
normalizations. Figure 4A illustrates final MLPA @Ncalls (based on approach 14) and the

corresponding FISH CNA calls for the test sampte As example of MLPA probe ratio profile
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is shown in Figure 4B for sample (7-C) in which thedetions oNKX3-1, PTEN andRB1 were
also called by FISH (Figure 4C).

As illustrated in Figure 4A, the three benign saspivere CNA quiet. While one of the benign
samples (6-B) did not show any CNA, sample 1-B skcb@ABRAPL2 deletion which was not
seen in the corresponding tumor (1-C). The thirdigre sample (10-B) showelB1 deletion
which was also detected in the corresponding casasple 10-C. However, no CNAs were
detected by FISH in the benign samples.

In cancer samples, heterogeneity was evident ansomngeyed genes, ranging from none in
sample 2-C to six in sample 13-C as measured by MAgure 4A). The highest CNA
frequency were foRB1 (9/15, 60% in both MLPA and FISH) amdKX3-1 (7/15, 47% in both
MLPA and FISH), whereas the lowest CNA frequencys i@ PDPK1 (no CNA was detected
with either method) andP53 (1/15, 7% in both methods). The data generatedhbynine
reference probes were examined for the presencENAs which were detected only for
ANKRD36B_Int44 (3/18, 17%) and TIMM10_E3 (1/18, 6%ypplemental Table S3).

To validate this analysis approach, the same exyatal design was used to perform MLPA on
genomic DNA extracted from 20 RP-FFPE independases in the validation sample set. Each
case was represented by two samples, A and B pomdeg to the highest and the lowest
Gleason grade pattern, respectively. All samplessgad the QC and were included in the
analysis.

Given our laboratory interest IATEN andPDPK1 as prognostic biomarkers in PCa patiefits
*1 FISH was performed for these two genes on futises of the FFPE blocks of this sample
set targeting the area where tumor tissue coreg Wwarvested for DNA extraction. Digital
droplet TagMan PCR assays were also performed neegU®PTEN and PDPK1 CNAs in 17
samples with the same DNA extracts used for MLPép(Semental Table S4). Figure 5A shows

the CNA profile of the final call for MLPA, FISH @nTagMan. An example of the MLPA
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profile for sample 23-C along with FISH f&TEN andPDPK1 is presented in Figures 5B and
5C. As MLPA and FISH, digital droplet TagMan PCRuls confirmed the deletion &TEN
and gainof PDPK1 with a probe ratio of 0.48 and 1.24, respectiv8lydplemental Table S4). In
this validation sample set, deletions NiKX3-1 (25/40, 63%) andRB1 (21/40, 53%) were the
most frequent CNAs detected by MLPA, whit®PK1 gain (5/40, 13%) was the least common,
similar to results observed in the test set.

CNAs detected by the reference probes in the wadidaset were found mostly in
ANKRD36B_Int44 (5/40, 13%), CYP2B6_Int2 (4/40, 10%)'P10A_E20 (4/40, 10%) and
TIMM10_E3 (3/40, 8%, Supplemental Table S5). Theximam number of reference genes
affected by CNA per sample was two and observeaxhin two samples. Compared to FISH, the
sensitivity and specificity of MLPA to call BTEN deletion were respectively 85% and 100%.
MLPA was able to deted®DPK1 gain with a sensitivity of 100% and a specifical 92%.
Compared to TagMan, MLPA showed a sensitivity oD%0and a specificity of 83% in
detectingPTEN deletion and a sensitivity of 67% and a specifi@f 93% in detection of
PDPK1 gain. However, if we consider the MLPA CNA callased on thé>DPK1 intron 10
probe only, which assesses the same region targgtée digital droplet TagMan PCRDPK1
probe, the sensitivity and specificity to detece tADPK1 gain reach 100% and 93%
respectively.

The impact of sampling was investigated by compatire CNA patterns of tumor samples A
and B taken from the same FFPE prostate blockdf ease. No significant differences in CNA

calls was observed between samples A and B (McNstestp > 0.4, Supplemental Table S6).

Discussion
A detailed molecular classification of PCa and atsociated prognostic value rely on the

detection of multiple genomic alterations. FISHe tloutine CNA detection method for tissue
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sections, is not suitable for high-throughput assent of CNA signatures. Standard array-CGH
method and whole genome next generation sequeliG®) allow a genome-wide survey of
CNAs but the amount and the quality of DNA requicashnot be obtained from FFPE prostate
biopsy specimens. Variations of the array-CGH methioch as OncoScan microarray systém
and targeted NG% allow the call of CNAs out of small amounts of DN#tracted from FFPE
tissue samples. These methods can be very compieteand well suited to explore the
genomic landscape of tumors but would often reqfumgher confirmation for a definitive
diagnosis. MLPA is a well-established method td €MNA widely used in human genetic test
centres and considered as one of the gold standdridd are used to validate new NGS-based
tests®. In laboratories already offering genome-wideitestMLPA assay may serve to rapidly
confirm NGS and array-CGH findings. Moreover, th&RA assay is flexible and new probes
can be added or replaced to suit specific needsbiBmarker signatures application, a genome-
wide survey is often not necessary and MLPA maycbesidered as a suitable and more
affordable alternative to NGS and arrays-CGH aliayihe analysis of large number of samples
simultaneously. The low cost of MLPA can be patady advantageous in the context of
research work and clinical laboratory with limitessources. Compared to NGS, MLPA requires
simpler analyses that translate into a faster toumal time. Performed in a single PCR tube,
MLPA requires only a thermal cycler and a standzagillary electrophoresis system. MLPA
technology was thus selected for our new assay alpheno prostate biopsy material and filling
the gap between biomarker research discovery amdatlapplication.

A synthetic probe mix was designed specifically foNA detection in PCa targeting ten
commonly altered genes that have the potentiakteesas biomarker. This custom-made PCa
specific probe mix was capable of accurately detgc€NAs in various samples with low error-
rate. Using a synthetic DNA service with a high glowg efficiency of 99.5% (Ultramer DNA

oligonucleotides, IDT) reduced the cost and timsoamted with the development of the PCa
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probe mix while allowing an increased length of #thetic probes from 156 nucleotides
reported by Stern et &f to 232 nucleotides. The performance of these roles validated by
the reproducibility of the results obtained and kv standard deviation of all probes in the
probe mix when using both fresh and FFPE extraofgd. Our findings are in agreement with a
previous report showing that synthetic probes gammparable results to M13 bacteriophage
derived probes used in commercially available protbees*3. Based on our experience when
using a coupling efficiency of 99.5%, synthetic MA_Fprobes of a length of up to 250
nucleotides might be used to generate highly repritte results and allow the inclusion of a
larger number of probes in the assay.

We further improved and customized the probe mixiésigning nine different reference probes
less likely to be affected by CNA based on repoR€& datasets. The rationale was to account
for possible genomic instability of cancer cellstttcould result in random CNAs and the
incompatibility of PCa samples with commerciallyadable reference probes mixes such as
P200. Although infrequent CNAs were detected by oeference probes, they did not
compromise the analyses as there was an ample nuofibENA-free references for the
normalization of each clinical sample. Furtherma®we and others have observ&dx higher
number of reference probes allows for better namaabn, higher reproducibility of results and
smaller standard deviation across different sampl&% Designing customized reference probes
with an average distance of 4 nucleotides apastallewed us to include more test probes in our
PCa-specific probe mix than P200 probes, which levaverage of 6 nucleotides apart and do
not allow inclusion of more than 17 probes per tieac Furthermore, for more accurate CNA
detection, two probes per gene were used in thigrd@socess to assay each of the ten chosen
target genes. The rationale stems from previoudiegishowing that MLPA probes targeting the
same regions could vyield different resuits®> Bendavidet al. ®® used two different MLPA

probe mix kits targeting the same regions and shaWwat not all alterations can be captured by
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both kits. Alterations that were only seen by ofhehe kits were further confirmed by qPCR.
Altogether, this supports that more than one prpée target region may allow better CNA
detection, especially in tumor samples. The usgupficate reactions in the experimental design
was advantageous to reduce false-positive resultyialded better reproducibility. We reasoned
that results would be reliable if the CNA was datdcin both replicates. Further analysis
confirmed high sensitivity and specificity of MLPduplicate reactions in detection of CNAs
compared to FISH data. In addition, a high corretabetween duplicate reactions was observed
in all experiments. The results also demonstrabed this MLPA assay performed in various
experimental conditions yielded a lower rate oféapositive results with an average: 0.89% of
probes used in each experiment compared to 1.7#%stegpwith commercially available probe
mixes®.

To investigate the accuracy of CNA detection bydhsigned probe mix, we compared the CNA
results obtained from MLPA to published array-CGNACresults of PCa cell lines. Although
these studies have used a different technique dififdrent set of probes with a lower resolution
than MLPA, our results are consistent with previoegorts®® and show a positive correlation
between MLPA and array-CGH data, except for@bD1 intron 1 probeCHD1 is a large gene
(74,569 bp) that spans over two cytobands (5913-3¢2A CNA that would not span the entire
CHD1 gene in some cell lines such as PC-3 could paténtexplain a lack of positive
correlation of the MLPA intron probe (5921.1) whillee exon probe (5915) correlates with
array-CGH (5g15). Accordingly, the CNA would exteover both cytobands in LAPCA4 cell line
as both probes correlate. Testing this hypothesiddcbe done by mapping the CNA area in
those cell lines with multiple MLPA probes. Nevatibss, both probes were effective at
detecting 18 out of 2@HD1 deletions identified by MLPA in our clinical sampland the

remaining two deletions were recognized by eitheribtron or the exon probe.
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While these results indicate that MLPA is capabiledetecting copy number imbalances in
homogeneous samples such as cell lines, the aecdedection of genomic alterations in
heterogeneous samples such as prostate primarygusnmore challenging. It is not specific to
MLPA as most genomic assays that use DNA extrafitad heterogeneous tumors face the
same limitations. This was reported by Schveatal. °° to explain discrepancies observed
between MLPA and FISH. The main reason for sucbréancies is intrinsic to the prostate

se, and the heterogeneous tumor content used fomgieldNA extraction which contain tumor
DNA mixed with varying proportions of DNA from saunding benign glands and stroma.
Furthermore, when there is a low percentage of turetls with CNA in samples, due to the
same dilution effect, genomic assays are not capablaccurately detecting alterations. To
overcome this limitation, we used the 95% confidencterval for each probe within the
reference population and test samples to detect LNAis approach has the advantage of
calculating the range of variations seen for eamtud in reference samples and detecting
alterations outside what is normally seen in hgalissues, thereby providing a more accurate
measurement of CNAs. Thus, using the confidenavat approach, we were able to capture
CNAs when the PC-3 genome was diluted up to 30%eMdompared to FISH, this method of
analysis of MLPA data on the test clinical samplkesulted in a median sensitivity of 80% and
specificity of 93% compared to the conventionaloflupoints approach with the sensitivity of
14% and specificity of 100%. Even when analyzingjloges, we noticed that when using cutoff
points, the previously reported CNAs such as dmletif TP53 in PC-3 was completely missed
or called only by one of the two probes for theetleh of NKX3-1 in PC-3 andCHDL1 in
LAPC4. However, when using the 95% confidence uatkrall these CNAs were readily
identified which further supports the use of thpgm@ach over fixed cutoff points.

In both test and validation sets, the number of GNAried across the samples as reported in

genomic profiling studie$™ ?° The most frequent CNAs detected in tumors by BatPA and
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FISH wereRB1 and NKX3-1 deletion, a finding in agreement with previougriture'® and
consistent with reports suggesting that inactivatb these two tumor suppressors occurs early
in prostate carcinogenesis ® Two out of three benign prostate samples showsidgie CNA
each by MLPA, respectively @ABARAPL2 and aRB1 deletion, which were not detected by
FISH. The benign samples of this study were alnfifdC patients and tHeB1 deletion was also
detected in the corresponding tumor sample. Althdiagse positive results cannot be excluded,
genomic alterations have been detected in morplualthg benign prostate tissues that were
compatible with field effects in a context of mfdtial PC&®°. Profiling additional samples taken
from multiple areas of tumoral and correspondingigpe prostate tissues as well as benign
samples from non-cancer patients would be warraietednfirm this hypothesis.

When comparing the results of MLPA and FISH in tib&t and validation samples, we observed
good concordance between the two types of assagtsdigcrepancies exist in some prostate
samples, with MLPA revealing CNAs but not FISH avide versa. The dilution effect can
reduce the sensitivity of MLPA as discussed abowkumnsuspected DNA sequence variations at
the probe hybridizing site may lead to MLPA falsssitive result$®. However, the size and the
location of the targeted DNA region by FISH and MLiRBrobes may account for the
discrepancies between both techniques. MLPA wétsihall probe size allows the mapping of
CNAs at higher resolution than large FISH probesluding more MLPA probes per gene or
using FISH probes that target different areas ef @NA region can help resolve the observed

discrepancies.

To circumvent any differences linked to probe gemofocation and to tumor areas, digital
droplet PCR TagMan assays targeting the same gena@ygions and performed on the same
DNA extracts showed a high concordance with MLPAutes. This further showed the

robustness of the designed assay. It is worth egigihg that TagMan has limited multiplexing
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capability and, in this case, only one referencabprwas used, whereas the designed MLPA
assay used nine different reference probes, thexiétnying more accurate normalization.

We also assessed CNA frequencies in different Gregsade patterns of the same samples in
our small validation sample set and did not obsaigaificant differences, thereby suggesting
negligible intra-tumor CNA heterogeneity in the essed genes in primary tumors. A more
robust study with a larger sample size that woualdude a wider range of Gleason patterns is
needed to confirm these results.

Taken together, we have designed and rigorouskedea MLPA-based assay using a fully
synthetic probe mix. DNA extracts from three 0.6 mponches (2-3 mm length) from FFPE
clinical samples were used to simulate needle Bspgas obtained before diagnosis. The assay
was capable of detecting CNAs with high sensitivatyd specificity compared to FISH. This
demonstrates the potential compatibility and apgliity of the assay on clinical biopsy samples
for the detection of most common CNAs, thereby apgmhe door to a better prognosis based
on CNA profiles. Future investigations should amncbnfirm these findings on actual prostate
diagnostic biopsies and may require a macrodigsedf the tumor foci from nearby normal
glands since the tumor cell content is expecteettess than in RP blocks used for this study.
Furthermore, the cost is low, our estimate beir@) BCAD (6$ USD) per reaction which
includes the cost of probe synthesis, lab materMIsPA kits, and capillary electrophoresis.
MLPA does not require other sophisticated instrutmien analysis approaches. The effectiveness
of this designed probe mix and analysis approachwatidated using a small number of clinical
PCa samples. Further validation on a larger cotttt adequate clinical follow-up data is
necessary to determine the impact of these CNAsuaihty of the assay for prognosis. This
assay shows potential for clinical application, doyl identifying CNAs relevant to poor
prognosis could aid clinicians and patients in siea-making in view of an optimal

management of the disease.
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FigureLegends

Figure 1. Performance of the newly designed MLPA probes riesgnce of normal genomic
DNA. (A) Schematic representation of MLPA reaction. Noeating takes place in absence of
target DNA (left panel) while in presence of theg&t sequence, the two MLPA half-probes
anneal to the DNA next to each other (middle amghtripanels). After a ligation step, the
complete probes are amplified using fluorescerdleled primers. The amount of fluorescent
signal is correlated with the copy number of theyea sequenceB( C) Electropherogram of
PCa probe mix ingB) no-DNA control reaction and irC presence of normal genome. Relative
fluorescent units (RFU) are shown for probes frefttio right according to their length. Probes
are identified at the top of their respective pg8l. MLPA profile of normalized probe ratios in
normal genome. The upper blue line is the cut-affgain and the red for deletions set at 1.3 and

0.65, respectively. Reference probes are markethbgterisk at the top of the probe name.

Figure 2. Detection of CNAs in PC-3 and LAPC4 cell line&, B) In MLPA ratio charts,
probes in blue and red correspond to gain andideléased on the standard cut-off point of
above 1.3 and below 0.65, respectively. Probesiiple show gain or deletion based on the 95%
confidence interval only. Reference probes are sthtky anasterisk at the top of the probe
name. A) MLPA results of PC-3 (upper panel) and LAPC4 (@ovpanel) cell lines using the
designed PCa probe mix. The red and the blue bgiights respectively thBTEN deletion in
PC-3 and théTEN gain in LAPC4. B) As in (A), but showing the MLPA profiles of PC-3 and
LAPC4 cell lines using commerci®ddTEN probe mix (P225-PTEN, D2-0315, MRC-Holland).
(C) FISH results oPTEN andMYC on metaphase spreads of PC-3 and LAPC4 cell lifes.
PTEN FISH probe targets three regions of chromosome (X0 PTEN/GRID1 probe,
Metasystems). The red signal corresponds toPfEEN gene, the green signal represents the

GRID1 gene while the aqua signal is the centromere cbrithe MYC fluorescent signal is red
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and the centromere control for chromosome 8 isrgréke average number of signals detected
and the test probe over control probe counts rigtindicated on each FISH picture (96x

magnification).

Figure 3: Using 95% confidence interval of probes improvesAQietection limit of MLPA. A,

B, C, D) Probe ratio values are plotted against percentadeC-3 genome forA) MYC, (B)
PTEN, (C) NKX3-1 and D) CHD1. Dashed lines show the standard cut-off pointgyéans and
deletions based on probe ratios at 1.3 and 0.8peotively. The solid lines show the cut-off
points for gains and deletions based on 95% comfelenterval of the probes in the reference

DNA.

Figure 4: CNA profiles of the test sample séd) Final MLPA and FISH CNA calls in the test
sample set. Patient ID is followed by C for canoerB for benign sampleB) Example of
MLPA results for one sample (7-C) which shows detet of NKX3-1, PTEN andRB1. Probes

in red show deletion, according to the 95% conftdemterval method. Reference probes are
marked by arasterisk at the top of the probe nam€)(FISH results for sample 7-C showing
gene specific signal in red and control signal reeg for the 10 loci assessed. Deletions in
NKX3-1 and RB1 (hemizygous) and®TEN (homozygous) are indicated with arrows (96x

magnification).

Figure 5: CNA calls in the validation sample s€f) Final MLPA CNA call for all genes
assessed along FISH and digital droplet TagMan RCIibset of samples) results RIEEN and
PDPK1 genes. Patient ID is followed by C (cancer) andegiA or B (highest or lowest Gleason
pattern area of the tumor, respectivelg) MLPA profile of sample 23-C-A of the validation

sample set showing deletions NKX3-1, PTEN, GABARAPL2 and TP53 in red, and gain of
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MYC andPDPK1 in blue, according to the 95% confidence intemwathod. Reference probes
are marked by aasterisk at the top of the probe nam&)(Representative images of FISH
results for sample 23-C-A confirming tiRFEN deletion andPDPK1 gain detected by MLPA.

White arrows show control green signals in absence and pres#noeltiple gene specific red

signal in nuclei witlPTEN deletion and®DPK1 gain, respectively (96x magnification).
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Table 1: List and characteristics of samples usdtis study

Reviewed % of
Typeof the Gleason Grade of Cancer Sample
ID Core the Case Cdlls Set
1-C Cancer 4+5 85 Test
1-B Benign N/A 0 Test
2-C Cancer 5+4 85 Test
3-C Cancer 4+3 50 Test
4-C Cancer 3+4 85 Test
5-C Cancer 445 90 Test
6-C Cancer 4+3 70 Test
6-B Benign N/A 0 Test
7-C Cancer 4+5 70 Test
8-C Cancer 3+4(5) 75 Test
9-C Cancer 3+4 85 Test
10-C Cancer 4+3(5) 90 Test
10-B Benign N/A 0 Test
12-C Cancer 4+3(5) 90 Test
13-C Cancer 4+3(5) 85 Test
14-C Cancer 4+5 80 Test
16-C Cancer 5+4 80 Test
18-C Cancer 4+5 80 Test
19-C Cancer 4+3(5) 95 Validation
20-C Cancer 4+4 90 Validation
21-C Cancer 4+5 90 Validation
22-C Cancer 4+5 90 Validation
23-C Cancer 4+4 75 Validation
24-C Cancer 4+3 75 Validation
25-C Cancer 4+4 90 Validation
26-C Cancer 4+5(3) 85 Validation
27-C Cancer 4+3 90 Validation
28-C Cancer 3+4 70 Validation
29-C Cancer 4+5 85 Validation
30-C Cancer 4+3 80 Validation
31-C Cancer 3+4 80 Validation
32-C Cancer 3+4 65 Validation
33-C Cancer 4+5 90 Validation
34-C Cancer 3+4 80 Validation
35-C Cancer 4+3(5) 70 Validation
36-C Cancer 4+3 80 Validation
37-C Cancer 4+3(5) 90 Validation
38-C Cancer 4+3 80 Validation
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Table 2: List and characteristics of designed Rtegific MLPA probe mix

Hybridization Sequence  Probe

Name Function Cytoband Coordinates (hg38) Length
CHDL1 Intron 1 CNA 05915 98927383-98927458 200
CHD1 Exon 35 CNA 05g21.1 98856501-98856587 132

MAP3K7 Exon 17 CNA 06915 90516154-90516215 125
MAP3K7 Exon 14 CNA 06915 90523700-90523761 164
NKX3-1 Exon 2c CNA 08p21.2 23679195-23679260 188
NKX3-1 Exon 2 CNA 08p21.2 23679829-23679894 152
MYC Exon 1 CNA 08g24.21 127736564-127736621 101
MYC Exon 3 CNA 08qg24.21 127740610-127740671 184
PTEN Exon 9a CNA 10g23.31 87966936-87966999 109
PTEN Exon 9b CNA 10g23.31 87968061-87968130 140
CDKN1B Intron 1 CNA 12p13.1 12714777-12714852 156
CDKN1B Exon 1 CNA 12p13.1 12717331-12717394 180
RB1 Exon 18 CNA 13q14.2 48453031-48453090 105
RB1 Exon 23 CNA 13q14.2 48465212-48465273 172
PDPK1 Exon 14 CNA 16p13.3 2597685-2597741 121
PDPK1 Intron 10 CNA 16p13.3 2584302-2584368 220
GABARAPL2 Exon 3 CNA 16¢23.1 75568131-75568188 168
GABARAPL? Intron 3 CNA 16g23.1 75573764-75573839 196
TP53 Exon 5 CNA 17p13.1 7674901-7674962 136
TP53 Exon 4 CNA 17p13.1 7675285-7675346 117
ANKRD36B Intron 44 Reference  02ql11.2 97495557-97495632 232
MGAT1 Exon 3 Reference  05¢035.3 180790824-180790885 160
TIMM10 Exon 3 Reference  11g12.1 57528778-57528839 204
METTL1 Intron 1 Reference  12q14.1 57774661-57774736 144
IPO4 Exon 30 Reference 1412 24180336-24180397 176
ATP10A Exon 20 Reference 15q12 25680143-25680204 192
PIGW Intron 1 Reference 17912 36533015-36533090 129
ZNF91 Intron 4 Reference 19p12 23350707-23350774 113
CYP2B6 Intron 2 Reference  19q13.2 41004294-41004359 216
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Table 3: Correlation of lggransformed probe ratios between PCa specific MpR#be mix, and array-CGH studies

Log, Transformed Normalized Probe r with r with r between
Ratio Zhao et with MLPA
Gene M ethod Study/Probe PC-3 DU145 LNCaP LAPC4 al 2 CCLE®> Probest
Array- | Zhao et af? (exon 35)  0.81 -0.42  -1.07 -0.48
cHDL CGH CCLE® 0.49 0.17 0.09 N/A 0.99
MLPA CHD1 Intron 1 -0.12 0.03 0.27 -0.96 -0.13 -0.89
CHD1 Exon 35 0.44 0.07 0.16 -0.43 0.50 0.91 0.78
Array- | Zhaoetaf’(exon4) -0.67 -0.35  -1.40 -0.45
CGH CCLE™® 050 -0.29 -1.21 N/A 1.00*
MAP3K7
MLPA MAP3K7 Exon 14 -0.18  -0.54 -0.55 -0.20 0.40 0.32
MAP3K7 Exon 17 -0.07  -0.55 -0.48 -0.02 0.30 0.16 0.98*
Array- | Zhaoetaf’(exon2) -0.40  -0.30 0.17 -0.06
CGH CCLE®* -0.47 0.12 0.09 N/A 0.60
NKX3-1
MLPA NKX3-1 Exon 2 -0.56 0.04 0.19 0.43 0.72 0.97
NKX3-1 Exon 2¢ -0.73 0.19 0.28 0.27 0.71 0.99 0.94
Array- | Zhao et af? (exon 3) 069  -0.10  -0.01 -0.17
MYC CGH CCLE®* 0.95 0.32 0.09 N/A 0.93
MLPA MYC Exon 1 0.84 0.23 0.17 0.29 0.95* 0.98
MYC Exon 3 3.14 0.19 -0.14 -0.20 0.98* 0.99 0.98*
Array- | Zhaoetaf’(exon1l) -0.36  -0.03 -0.55 0.05
BTEN CGH CCLE®® -2.40 0.15 -0.91 N/A 0.55
MLPA PTEN Exon 9a -3.74  -0.12 -2.65 0.59 0.88 0.95
PTEN Exon 9b -5.64 0.01 -0.50 0.47 0.45 0.94 0.82
Array- | Zhaoetaf’(exon3) -0.29 -0.54 -0.13 -0.73
CGH CCLE*®* -0.51 -0.29 0.06 N/A 0.50
CDKN1B
MLPA CDKN1B Intron 1 -0.47 -0.34 0.19 -0.75 0.84 0.98
CDKN1B Exon 1 -0.55  -0.53 0.09 -0.92 0.90 0.93 0.99*
Array- | Zhao et af? (exon 27)  0.23 0.15 0.15 0.29
RBL CGH CCLE®® -0.05 -0.31 -0.23 N/A 0.95
MLPA RB1 Exon 18 0.03 -0.22 -0.14 0.30 0.98* 1.00*
RB1 Exon 23 -0.14  -0.67 -0.35 -0.18 0.76 0.94 0.77
Array- | Zhao et af? (exon 14)  0.34 0.12 0.27 0.16
CGH CCLE -0.53  -0.35 0.07 N/A -0.09
PDPK1
MLPA PDPK1 Intron 10 -0.11  -0.22 0.17 -0.24 0.57 0.84
PDPK1 Exon 14 0.04 -0.32 0.15 0.08 0.62 0.44 0.57
Array- | Zhaoetaf’(exon4) -0.10  0.02 -0.07 0.05
CGH CCLE™® -0.50 0.10 -0.04 N/A 0.84
GABARAPL?2
MLPA GABARAPL2 Exon 3  -0.04 0.09 -0.07 -0.14 0.01 0.54
GABARAPL? Intron 3 -0.31 0.21 -0.03 -0.30 0.22 0.97 0.81
Array- | Zhao et af?(exon 17)  0.01 0.52 0.31 0.22
TPE3 CGH CCLE® -0.50 0.16 0.08 N/A 0.95
MLPA TP53 Exon 4 -0.43 0.24 0.05 0.20 0.84 0.99
TP53 Exon 5 -0.41 0.35 0.05 0.06 0.97* 0.96 0.94
*P <0.05
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tFor MLPA probes, except for DU145 cell line whighrepresented by one replicate, average probes m@i@ined from duplicate
reaction of cell lines were used.
r : Pearson correlation.
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