Loss of chromosome 18 in neuroendocrine tumors of the small intestine: the enigma remains
Supplemental data 2

Material & methods
Clinical samples
Formalin-fixed, paraffin-embedded (FFPE) tumor specimens from 119 small intestinal neuroendocrine tumors (SI-NETs) were retrieved from the surgical pathology files of the Institutes of Pathology of Tuebingen, Munich, Duesseldorf and Marburg (see Table S2 for clinical characteristics). Ethical approval was obtained from the local ethics committee at the University Hospital, Tuebingen (469/2010BO2). The tumor specimens were divided into three categories depending on the TNM classification of the tumor at the primary manifestation. 
Cohort 1 included tumors with T1-3, N0, M0 (n=22); cohort 2 contained tumors with T1-4, N1, M0 (n=57); and cohort 3 contained tumors with T1-4, N1, M1 (n=40). 77 of these samples were used for tissue microarray construction (see section Construction of tissue microarrays).
Ki-67 index for 119 of the SI-NETs was determined by immunohistochemistry and subsequent evaluation with the Definiens software (Muenchen, Germany). This analysis was possible for 98% (117/119) of the samples. 87% of the samples were graded G1 (102/117), whereas the remaining 13% (15/117) were G2 tumors (Table S2). We additionally analyzed pHH3 in a similar manner since it was shown that the phosphorylation of histone H3 is a reliable marker for mitotic activity. The analysis worked in 96% (114/119) of the cases. Of these 114 samples all but one sample showed pHH3 positivity in <2% (Table S2). In summary, all FFPE samples of our cohort showed little mitotic activity and were graded G1 or G2.
The 28 snap-frozen cryo-conserved samples of ileal neuroendocrine tumors originated from the tissue cryo archives of the Institutes of Pathology of Tuebingen, Kiel, Munich, Bad Berka, Marburg and Graz. Five fresh frozen tissues (two primary tumors and three metastases) from Kiel and Munich were used for SNP array analysis and for exome sequencing (together with the corresponding normal tissues). 
14 cryo samples were used for SMAD2 and SMAD4 western blot. The western blot for PMAIP1 was performed with eight samples. Western blot analyses of CABLES, Elongin A3 and DCC were performed with 21 SI-NET samples. 87 FFPE samples (whole tissue slides as well as tissue microarrays) from the Institutes of Pathology of Tuebingen, Kiel, Duesseldorf and Marburg were used for immunohistochemistry of SMAD2, SMAD4 and Maspin. Please see Table S1 for detailed information on the analyses and samples used.

Fluorescence in situ hybridization (FISH)
All 119 FFPE tissue slides (see above) and FFPE slides matching the 13 cryo samples from Bad Berka, Graz, and Marburg were analyzed with a Chromosome 18 (Chr18) centromeric enumeration probe to determine the Chr18 status. Prior to the FISH procedure, the slides were deparaffinized and subsequently heated in sodium citrate buffer and proteins enzymatically digested with pepsin. DNA was denatured in 70% formamide/2x saline sodium citrate buffer at 72°C; probe hybridization with the Chr18 centromeric enumeration probe (CEP 18 (D18Z1) SpectrumGreen Probe; #05J10-028, Abbott Molecular Inc., IL, USA) was carried out using a ThermoBrite hybridizer (Abbott Molecular Inc.). The probe was diluted in CEP hybridization buffer (#07J36-001, Abbott Molecular Inc.) and distilled water at a ratio of 1:2:7 (probe : dH2O : CEP hybridization buffer). After hybridization, the nuclei were counterstained with the mountant ProLong® Gold Antifade Reagent with DAPI (Life Technologies). The number of Chr18 signals per cell was evaluated using a Zeiss Axioskop fluorescent microscope (Zeiss, Jena, Germany) for at least 100 tumor cells. Cells with signal count (one or two signals per nucleus) >20 and <80% were considered to be mosaics regarding Chr18 status.

DNA extraction
In order to extract DNA, fresh frozen and FFPE tissue samples of neuroendocrine tumors of the ileum, specimens were cut into 8 µm slices using the CM1900 (Leica Biosystems, Nussloch, Germany) and the microtome Hyrax M 55 (Zeiss, Esslingen, Germany), respectively. Hematoxylin and eosin staining of a representative section was carried out using an automated Sakura Tissue-Tek® slide stainer (Sakura, Alphen aan den Rijn, the Netherlands) and histologically characterized by a pathologist (B.S.) to determine the tumor areas of interest. Tumor areas were macrodissected manually from the sections using a sterile scalpel (pfm medical, Cologne, Germany) and further processed for DNA extraction. DNA was extracted using the QIAamp DNA Mini Kit or the QIAamp DNA FFPE Tissue Kit (both Qiagen, Hilden, Germany) following the manufacturer’s instructions. DNA quantification was performed using a NanoDrop ND-2000 spectrophometer (NanoDrop Technologies, Wilmington, USA).



SNP array analysis
Six SI-NET samples (including two primary tumors and four non-matching metastases) were analyzed by SNP array 6.0 technology (Affymetrix, Santa Clara, CA, US) regarding their Chr18 status. To evaluate additional losses, we did analyses with a copy number marker count of 10 and sizes of 100, 50, and 40kb, respectively. 

Exome sequencing
Exome sequencing in an explorative cohort of five SI-NET samples (tumor content defined by histological examination (B.S.) was between 70% and 90% after macrodissection) and the corresponding normal tissues was performed by CeGaT (Tuebingen, Germany) using a SOLiD 5500xl machine (LifeTechnologies, Darmstadt, Germany). The five samples chosen for exome sequencing (two primaries and three non-corresponding metastases) were the same samples previously analyzed by SNP array technology. DNA was enriched with the Agilent SureSelect ExomeKit v.4 (see Table S4 for coverage information). Mapping was conducted using LifeScope v2.5.1 (LifeTechnologies, Darmstadt, Germany). SNV/indel calling was performed with diBayes in LifeScope v2.5.1 (LifeTechnologies, Darmstadt, Germany) as well as with samtools mpileup 0.1.18 with bcftools and vcfutils.pl (Li, et al. 2009). Annotation was achieved with dbSNP137, ESP6500 (Exome Variant Server), Ensembl v69 and the inhouse database of CeGaT. The comparison between tumor and normal sample output was achieved using the following settings. In tumor samples, SNVs with a coverage >10 and a minimal novel allele frequency of 1% were considered for further analysis, when the SNVs in the normal tissue samples (coverage >20) showed a maximal novel allele frequency of 1%. The minimum distance between the novel allele frequencies was set to 0.3 (min. 3x normal allele frequency < tumor frequency). 
Lists of “real” somatic mutations were achieved by filtering SNVs and indels according to the following four steps.
1. SNVs with poor quality
1. SNV function (non-synonymous, (essential) splice site, stop gain/loss)
1. SNVs and indels with rs-number (dbSNP database)
1. SNVs and indels against SNVs and indels found in the corresponding normal tissue

Validation by Sanger sequencing
High-value somatic SNVs (determined by exome sequencing and subsequent filtering analysis of all detected variations) were validated by Sanger sequencing. PCR primers were designed using the Primer3Plus program (http://primer3plus.com/cgi-bin/dev/primer3plus.cgi) generating amplicons between 110 bp and 250 bp (see Table S5 for primer information). One target (NFATC1, located on 18q23) was further analyzed (sequencing of all functional regions) in a set of 30 SI-NETs (including 15 primaries, eight matching distant metastases and seven non-matching lymph node metastases). The reaction mixtures were initially heated at 95°C for 5 min to activate the polymerase, followed by 40 cycles, including a denaturation step at 94°C for 45 sec, an annealing step at 58°C for 45 sec and an elongation step at 72°C for 45 sec. A final elongation step at 72°C for 5 min was added.
The PCR products were illustrated by gel electrophoresis and UV irradiation.

Data comparison with external data set
According to Knudson’s two-hit hypothesis, two events are necessary for a loss of function of a tumor suppressor gene. The data of Banck et al (Banck, et al. 2013) as well as our own results of the exome sequencing were therefore evaluated to identify gene alterations on Chr18 including loss, LOH and SNVs.
The potential effects of mutations, which were found in our dataset, were analyzed bioinformatically with SIFT/PROVEAN (http://sift.jcvi.org/). Pathway analysis was performed using the KEGG online database (http://www.kegg.jp/).

Western blot
Western blot analysis was conducted for the following tumor suppressor candidates located on chromosome 18: SMAD2, SMAD4, Elongin A3, PMAIP1, CABLES and DCC. Frozen tissues of SI-NET samples were cut into 15x10 µm slices for protein isolation. 150 µl RIPA-buffer (charged with protease inhibitor (Roche)) was added to the slices. Tissues were homogenized by pipetting up and down on ice. After centrifugation at 4°C and 13,000 rpm, the supernatants containing the protein lysates were used for further processing. BCA reaction was conducted to determine the protein concentration (Thermo Scientific). Absorption was measured at 560 nm using the Microplate Reader (Biorad). The lysates were stored at -20°C.
20 µg protein was charged with 1 Vol of 2x Laemmli Sample Buffer (Biorad) and 1/10 Vol of β-mercaptoethanol (Merck) and denatured at 95°C for 10 min. 
For western blotting, the protein lysates were separated on 7.5%, 10% or 12% SDS gels (Biorad), depending on the predicted protein size, at 200 V for 40-60 min. Proteins were transferred to a PVDF or nitrocellulose membrane at 100 V for one hour. Membranes were blocked with 5% Skim Milk (BD, diluted in 1xTBS/Tween 0.1% buffer) for one hour at RT. After an over-night incubation at 4°C with the primary antibody [SMAD2 (86F7) Rabbit mAb (1:1000), #3122, Cell Signaling, MA, USA; SMAD4 (B-8) Mouse mAb (1:100), #sc-7966, Santa Cruz, CA, USA; PMAIP1 Rabbit pAb (1:250), #HPA051063, Sigma, MO, USA; Anti-IK3-1 / CABLES1 Antibody (Lys588), Rabbit pAb (1:1000), #LS-C176874, Biozol, Ger; Elongin A3 (S-16) Rabbit pAb (1:200), #sc-84811, Santa Cruz, CA, USA; 1. DCC, Rabbit pAb (1:500), #orb10519, Biorbyt, Cambridge, UK; 2. DCC (A-20), Goat pAb (1:100), #sc-6535, Santa Cruz, CA, USA with Blocking Peptide sc-6535 P] the membranes were washed with 1xTBS/Tween 0.05% buffer for 3 x 10 min and incubated with the secondary antibody at RT for one hour (Goat anti-mouse (1:3000) IgG (H+L) HRP conjugated, #G-21040, Goat anti-rabbit (1:3000) IgG (H+L) HRP conjugated, #G-21234, or Rabbit anti-goat (1:3000) IgG (H+L) HRP conjugated, #R-21459, all from Life Technologies, Carlsbad, CA, USA). The membranes were washed for 3 x 10 min and Immobilon Western Chemiluminescent HRP Substrate (Millipore, Billerica, MA, USA) was added. Darkroom development techniques were used to acquire images. 
To ensure that the gels were properly loaded with equal amounts of protein, the membranes were stripped with stripping buffer (Thermo Scientific, Waltham, MA, USA), washed, blocked and incubated with an antibody against β-Actin (clone AC-15 (1:40000), # A5441, Sigma, St. Louis, MO, USA). The blotting procedure was carried out as explained above. 
The K562 (NCI-60 cell panel, NCI, Bethesda, USA) and the NIH/3T3 (ATCC, Middlesex, Great Britain) cell line were used as positive controls for SMAD2 and SMAD4 western blot analysis, respectively.The human pancreatic carcinoma cell line BxPC-3 (NCI-60 cell panel, NCI, Bethesda, USA) lacking expression of SMAD4 (Hahn, et al. 1996) was used as a negative control in SMAD4 western blots. As positive controls for western blot analysis of Elongin A3, PMAIP1 and CABLES kidney tissue, U-251 (NCI-60 cell panel, NCI, Bethesda, USA) and HEK293 cell line (ATCC, Middlesex, Great Britain) were used, respectively. The neuroblastom cell line IMR-32 (ATCC, Middlesex, Great Britain) served as positive control for DCC western blot.
Due to difficulties in distinguishing the bands between 180 and 250 kDa of the second DCC western blot, a competition with the matching peptide was performed. 
Since the β-Actin expression of the samples varied slightly between the samples, we did a semi-quantitative analysis of the western blot results. Therefore, the western blot pictures were loaded into Adobe Photoshop (Mountain View, CA, USA), inverted and analyzed with the histogram setting. The background noise was subtracted from the protein bands. Then, the specific bands of the tumor suppressor proteins were normalized to the respective β-Actin band, resulting in a percentage value. A value <20% was determined as lost/reduced expression of the protein.

Label-free DCC identification by mass spectrometry
A label-free identification of DCC-specific peptides in the band of the positive control IMR-32 (first western blot) by mass spectrometry was performed by Jun.-Prof. Barbara Sitek (Medical Proteom Center, Ruhr-Universität Bochum, Germany).
Sample preparation:
Cell lysis was performed in lysis buffer (7 M urea, 2 M thio-urea, 0.1 % SDS, 30 mM Tris-HCl, pH 8.5) by sonication on ice for 10 min. Protein concentration was then carried out using Bradford assay. Subsequently, 40 µg cell lysate was loaded on ProGel Tris Glycin 18%, 1 mm gel twice. Samples were then allowed to run for 1 hour. After Coomassie staining, three gel bands were cut between 150-250 kDa and in-gel digestion was performed with trypsin (37 °C, 16 hours). The resulting tryptic peptides were extracted from the gel by sonication in 50% acetonitrile in 0.1% trifluoroacetic acid twice. Fractions of the same molecular weight were pooled together and dried in vacuum. Peptides were reconstituted in 40 µl 0.1% TFA.
LC-MS/MS analysis: 
LC-MS analysis was performed on Ultimate 3000 RSLCnano system online coupled to an Orbitrap Elite instrument (Thermo Scientific). 15 µl of the reconstituted samples was loaded onto a trap column and the peptides were then separated on an analytical C18 column using a 90 min gradient from 5–40% solvent B at a flow rate of 300 nl/min (solvent A: 0.1% formic acid, solvent B: 0.1% formic acid 84% acetonitrile).
Protein Identification:
Thermo Scientific Proteome Discoverer™ version 1.4 was used to search MS/MS spectra against UniProtKB/Swiss-Prot human database using Mascot® search engine. Mascot parameters were set as: tryptic digestion with up to one missed cleavage, precursor ion mass tolerance of 5 ppm and fragment ion mass tolerance of 0.4 D with Oxidation (M) and prominamide (C) as dynamic modification. A decoy database search was performed to estimate the confidence of peptide identifications. Peptides with false discovery rate (FDR) > 1% were discarded.

Construction of tissue microarrays
For the construction of tissue microarrays (TMAs), 1 mm sized tissue biopsies were extracted from the paraffin donor blocks and transferred to pre-punched holes as duplicates on recipient paraffin blocks using a tissue microarrayer (Beecher Instruments, Inc., Sun Prairie, WI, USA) equipped with a TMA booster (Alphelys, Plaisir, France). Grid layouts for the TMAs were designed using the TMA Designer 2 software (Alphelys, Plaisir, France). The recipient blocks were sealed for 10 min at 56°C and 30 min at 4°C. This procedure was repeated twice. The TMA blocks were cut into 3.5 µm sections and placed on SuperFrost Plus slides (Langenbrinck, Emmendingen, Germany).
TMA 6-8 contained primary tumors of SI-NET in duplicates. TMA 6 consisted of cohort 1 tumors (19 samples); TMA7 consisted of cohort 2 (36 samples); and TMA8 consisted of cohort 3 tumors (22 samples).

Immunohistochemistry
Immunohistochemical staining was performed for SMAD2, SMAD4 and Maspin on FFPE tissue sections.
Immunohistochemical staining of SMAD2 was performed with a monoclonal mouse antibody (clone YZ-13 for SMAD2 (1:10); # 101153, Santa Cruz, CA, USA) using the ultraView Universal DAB Detection Kit on the Ventana BenchMark system (Ventana Medical Systems, Tucson, AZ, USA) including deparaffinization of the formalin-fixed paraffin-embedded tissue sections, the heat-induced antigen-retrieval in citrate buffer pH6 and blocking for 30 min with goat serum (Gibco, Life Technologies, Carlsbad, CA, USA). The immunohistochemical staining of SMAD4 and Maspin was undertaken with monoclonal mouse antibodies (clone B-8 for SMAD4 (1:100); # 7966, Santa Cruz, CA, USA and clone G167-70 for Maspin (1:1000); # 554292, BD Pharmingen, Heidelberg, Germany) using the ZytoChemPlus HRP Polymer Kit (# POLHRP-100, Zytomed, Berlin, Germany) and the DAB Substrate Kit (# DAB530, Zytomed) on the Tecan Genesis RSP 100 system (Tecan Trading, Switzerland). Slides were pre-incubated in TEC buffer pH9 (SMAD4) and citrate buffer pH6 (Maspin) for heat-induced antigen retrieval. 

Immunofluorescence
Maspin protein expression in neuroendocrine cells of ileal mucosa was analyzed by double immunofluorescence staining of synaptophysin and Maspin. Slides were deparaffinized and heat-treated in citrate buffer pH6. The sections were incubated with a mouse monoclonal Maspin antibody (1:500, clone G167-70, # 554292, BD Pharmingen, Heidelberg, Germany) and polyclonal goat anti-mouse IgG (H+L) Cy3 antibody (1:50, # 115-167-003, Jackson ImmunoResearch, West Grove, PA, USA) and blocked with blocking solution (# BS-0001-4, Zytomed, Berlin, Germany). Detection of synaptophysin as a marker of neuroendocrine cells was performed using a mouse monoclonal synaptophysin antibody (1:50, clone SNP 88, # MU363-UC, BioGenex, San Ramon, USA) as primary antibody and a polyclonal goat anti-mouse IgG (H+L) Alexa Fluor 488 antibody (1:50, # 115-545-003, Jackson ImmunoResearch). Nuclei were counterstained with ProLong Gold antifade reagent with DAPI (# P36935, Life Technologies, Carlsbad, CA, USA).
Double immunofluorescent staining was evaluated using a Zeiss AxioImager M2 with magnifications of x63 and x100, applying AxioVision software (Zeiss, Jena, Germany). 20 histologically normal mucosa samples adjacent to NETs were investigated, assessing at least 20 neuroendocrine cells in the mucosa, which were mainly located at the crypt basis.  



Selection of miRNA candidate targets
All miRNAs located on Chr18 for which a miScript Primer Assay (Qiagen, Hilden, Germany) was available were analyzed (see Table S7). Mature miRNAs originating from opposite arms of the same pre-miRNA are designated with the suffix -3p or -5p. If experimental data about the abundance of the two forms was available (www.mirbase.org), the more abundant miRNA was chosen for the experiments. If no experimental data was available, both mature miRNA sequences were included in the study.

miRNA extraction
The analysis of Chr18-associated miRNA expression required extraction of miRNA from SI-NET samples with and without loss of Chr18. Tissues analyzed regarding Chr18 miRNA expression included 20 FFPE samples from neuroendocrine tumors of the ileum. The 20 samples were divided in two cohorts; ten samples with and ten samples without loss of Chr18 (determined by FISH as described above). miRNA was extracted using the miRNeasy FFPE Kit (Qiagen, Hilden, Germany) following the manufacturer’s instructions. RNA was quantified using the NanoDrop ND-2000 spectrophometer.

Total RNA extraction
For the analysis of expression of four different potential tumor suppressor genes, located on Chr18 (DCC, PMAIP1, Elongin A3 and CABLES) total RNA was extracted from SI-NET samples.
The distribution of tissues was as follows: ten samples belonging to cohort 1 (5 w, 3 w/o loss of Chr18, two with mosaicism regarding Chr18 status), 32 samples belonging to cohort 2 (15 w, 8 w/o loss of Chr18, 5 exhibited mosaicism regarding Chr18 status; no determination of Chr18 status was possible for four samples) and 27 samples belonging to cohort 3 (17 w, 3 w/o loss of chromosome 18, 5 mosaics, 2 undetermined Chr18 status). RNA was extracted manually with the chloroform/phenol extraction method. To précis, tumor sections were deparaffinized and macrodissected, followed by proteolysis over-night. The next day, RNA was extracted by chemical precipitation (chloroform/phenol), washed with 70% ethanol and dissolved in DNase/RNase-free water. RNA was quantified as described above. In addition, eight of the nine fresh frozen samples from Tuebingen used for western blot analysis were analyzed by RT-PCR (for one sample, there was no material left for this analysis). RNA was extracted using the RNeasy Mini Kit (Qiagen) following the manufacturer’s instructions.

cDNA synthesis and quantitative real-time PCR
Total RNA (1 µg) was used for reverse transcription with the miScript Reverse Transcription Kit (Qiagen) for miRNA analysis or the High-Capacity cDNA RT Kit with RNA Inhibitor (Applied Biosystems) for mRNA analysis in a total volume of 20 µl, respectively.
Real-time polymerase chain reaction was carried out on 96-well reaction plates in a LightCycler 480 II (Roche, Basel, Switzerland). The reaction mixture for the miRNA analysis included 10 µl Real-Time SYBR Green PCR master mix, 1 µl diluted reverse transcription product (5 ng), 2 µl miScript Universal Primer and miScript Primer Assay each and 5 µl DNase/RNase-free water. For the mRNA analysis, the reaction mixture included 10 µl Real-Time SYBR Green PCR master mix, 1 µl of each Primer (forward and reverse), 7 µl DNase/RNase-free water and 1 µl diluted reverse transcription product (20 ng). Each reaction was carried out in triplicates (incl. the negative water control). 
The reaction mixtures were initially heated at 95°C for 15 min to activate the polymerase, followed by 40 cycles including a denaturation step at 94°C for 15 sec, an annealing step at 55°C for 30 sec and an elongation step at 70°C for 30 sec. A melting curve analysis was carried out with temperatures increasing from 60 to 97°C at 0.11°C intervals after the real-time PCR to assess the specificity of the amplified PCR product.

Relative quantification
The raw data of the real-time PCR was imported into Microsoft Excel (Microsoft Corp., Seattle, USA) and the average value of triplicate Cp values analyzed using the ΔΔCp comparative Cp method, where ΔCp = (Cp candidate target – Cp reference RNA). SN61 was used as endogenous reference RNA for miRNA analysis (Sperveslage, et al. 2014), β-Actin served as endogenous reference for mRNA analysis. Finally, fold changes between the two cohorts (with and w/o loss of Chr18) were determined.

Statistical analysis
The non-parametrical Mann-Whitney-U was used to test whether the ΔCp values of miRNA / mRNA expression of the two cohorts showed significant differences.
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