Supplemental Information

Supplemental Table legends

Supplemental Table S1. Gene expression changes in T-ALL induced upon Cic
inactivation

T-ALL samples obtained from Tmx-treated Cic" ™" hUBC-CreERT2"'" mice (n=5) were
compared to WT thymuses (n=3) by RNAseq. This tables shows the 55 overexpressed

and 181 downregulated genes (log,FC of = +3 or < — 3; adjusted p-value <0.05).

Supplemental Table S2. 32 gene Cic LOF signature (CIC_LOF 4)
The 32 gene signature (Cic LOF signature; CIC_LOF 4) was selected based on genes
that were upregulated at least with a log,FC of 1.5 and that harbored at least one Cic

binding sequence (CBS) with a conservation score of > 0.875 in their promoter.

Supplemental Table S3. 143 gene Cic LOF signature (CIC_LOF _3)
The 143 gene signature (Cic LOF signature; CIC_LOF 3) was selected based on genes
that were significantly upregulated and that harbored at least one Cic binding sequence

(CBS) with a conservation score of > 0.875 in their promoter.

Supplemental Materials and Methods

Generation of conditional loss-of-function mice for the Cic locus.

A targeting vector (Gene Bridges GmbH) (Supplemental Fig. S1A) was prepared from
Cic sequences present in BACs bMQ66B11 and bMQ66B1212 and assembled via

Red/ET recombination. A single /oxP site and an FRT-neo-FRT-loxP resistance cassette



were simultaneously inserted into the Cic genomic locus to flanking exons 2-6 for Cre-
mediated excision. The resulting targeting vector was linearized with Notl and
electroporated into G4 ES cells. Recombinant ES cell clones were selected in 200 pg/ml
hygromycin, expanded and identified by Southern blot analysis (see below). Three out of
60 clones (5%) scored positive for the expected homologous recombination event
(Supplemental Fig. S1B,C). Two of these ES cell clones (ESMD23.166 and
ESMD23.199) were microinjected into C57BL/6 blastocysts to generate chimeric mice.
Male chimeras were crossed with C57BL/6 females to obtain germline transmission of
the targeted allele. These mice were subsequently crossed with a Flp deleter strain
(Rodriguez et al. 2000) to remove the Neomycin selection cassette flanked by frt

+/lox

sequences (Supplemental Fig. STA). The resulting Cic ™™ mice were routinely genotyped
by PCR using the following primers: 5'-gaaagaggcccacttcaag-3' (Cic-WT forward); 5'-
gggaagagtgggacatgag-3' (Cic-42-6 forward), 5'-ttatacgaagttatgcggeg-3' (Cic-lox

forward); 5'-gcaccatagccacgatttaa-3' (common reverse primer); 5'-ttcttctgagcgggactct-3'

(Cic-Neo reverse).

Southern blot analysis

Genomic DNA was isolated using standard procedures and the following protocols were
used for the analysis of each allele: to assess homologous recombination of the Cic'™
targeting vector, DNA was digested with Kpnl (right arm) or EcoRI (left arm) and probed
with a 543 bp DNA fragment corresponding to sequences located 7427 bp upstream of
exon 2 (probe A), or with a 528 bp DNA fragment corresponding to sequences located

5779 bp downstream of exon 6 (probe B), respectively. These digestions resulted in

diagnostic bands of 13.9 kbp for the wildtype and 11.5 kbp for the recombinant alleles



(probe A), or 11.6 kbp for the wildtype and 6.3 kbp for the recombinant alleles (probe B),

respectively (Supplemental Fig. S1A-C).

Transformation assays

Immortal Cic”" and Cic****** MEFs were stably infected with empty retroviruses, or
retroviruses expressing H-Ras“'?", adenoviral E1A or H-Ras“'?"-IRES-E1A as described
(Drosten et al. 2017). For focus formation assays, 10.000 stably transduced cells were
mixed with 4.9x10° WT MEFs and seeded on 10 cm plates. Focus formation was scored
after 14 days. To assay growth in soft agar, a bottom layer was first prepared by adding
1 ml DMEM containing 10% FBS and 0.75% agar per well in 6-well plates. After that,
10.000 stably transduced cells were added as a top layer in 1.5 ml DMEM containing

10% FBS and 0.3% agar. Colony formation in soft agar was also scored after 14 days.

qRT-PCR

Total cellular RNA was extracted with the RNeasy Mini Kit (QIAGEN) and reverse-
transcribed using Super Script II Reverse Transcriptase (Invitrogen) and random primers
(Invitrogen) following the manufacturer’s instructions. The qRT-PCR assays were
performed with a FAST7500 Real-Time PCR System using Power SYBR Green PCR
Master Mix (Applied Biosystems) with the primers indicated below. f-Actin was used for

normalization in mouse cells and GAPDH in human cells.

Gene Species Technique Forward Reverse

Ewl mouse gRT-PCR gtaacaggaagatggcggat ggactccattccaagcctaa
Envd4 mouse gqRT-PCR cgactcagatgtccctggat gectgtccaageaatgaaat
Ews mouse gRT-PCR gggaaatctcgatcagaggac ggagcatgaagcaccaagtt

Actb mouse gRT-PCR gacggccaggtcatcactattg aggaaggctggaaaagagee



Kras mouse gRT-PCR atgactgagtataaacttgtggtgg  tcacataactgtacaccttgtcc

Cic mouse gRT-PCR tttggccgtaaggtgttete gaccgtagcctttgctgaag

ETV4 human gRT-PCR gctecgetgaagetcaggt tecttettgatectggtggt

GAPDH  human gRT-PCR gttccaatatgattccaccca gatctcgetectggaagatg
ChIP assay

ChIP assays were performed as described (Maraver et al. 2012). Briefly, 2x10” Flp-In T-
REx 293 cells stably transfected with pcDNAS/FRT/TO alone or pcDNAS/FRT/TO
expressing either WT or mutated (A2-6 deletion) GFP-tagged human CIC-S were cross-
linked for 15 min at room temperature. After washing, cells were sonicated at high
intensity during 30 cycles, with 30 s ON and 30 s OFF per cycle (Bioruptor Plus,
Diagenode), followed by centrifugation for 15 min at 14,000 rpm at 15°C. For each
condition, 200 pg of lysate was incubated overnight with 2 pl of anti-GFP antibody
(Abcam, ab290) and immunoprecipitated by incubation with 20 ul of protein A/G beads
(Santa Cruz Biotechnology) during 1h at 4°C in a rotating platform. After reverse
crosslinking, DNA fragments were recovered by phenol/chloroform extraction and qRT-
PCR was carried out in a 7500 Fast Real-Time PCR System (Applied Biosystems) using
Power SYBR green PCR Mastermix (Applied Biosystems) with the primers indicated
below. A region of the CDKI promoter known to lack CIC binding sites was used as

negative control.

Gene Species Technique Forward Reverse
ETVI human ChIP-qRT-PCR caaccacgtgaccaagaag gegctecgetaggagatt
ETV4 human ChIP-qRT-PCR cttetctetttttctetcggtte ccaatcagaatgtaggggttg

ETVS human ChIP-qRT-PCR aagtgcttcactgactcagctaa cattggccaatcagcaca

CCNDI  human ChIP-qRT-PCR ttcctgaatgaacgcgetc ggatggtcggtcaggagaaa

CDK1 human ChIP-qRT-PCR ggccttcaacgtatgaattage agttggtattgcacataagtct



T-ALL Patient Samples and Sequencing Analysis of CIC
T-ALL lymphoblast specimens were collected at the time of initial diagnosis from
children with T-ALL enrolled on Dana-Farber Cancer Institute protocol 05-001

(https://clinicaltrials.gov/ct2/show/NCT00400946). Samples were collected with

informed consent and institutional review board approval. Following Ficoll-Paque
purification, genomic DNA was extracted using the DNEasy kit (Qiagen). Targeted exon
sequencing for a panel of genes that are recurrently somatically mutated in human cancer,
including CIC, was performed as described (Sholl et al. 2016). Mutation analysis for
single nucleotide variants was performed using MuTect v1.1.4. Analysis for
insertions/deletions was performed using the SomaticIndelDetector tool. Analysis for
multiple CNVs in the same codon was performed using the GATK ReadBackPhasing
Tool. Mutation calls were made for sequence alterations in which the mutation was
supported by a minimum of 10 individual sequencing reads, and where the mutation was
predicted to result in a non-synonymous alteration of amino acid sequence, or predicted
to disrupt a start codon, stop codon, or splice site. Mutations were excluded if they were
present at >0.1% frequency in reference populations in the NHLBI GO Exome

Sequencing Project ESP (http://evs.gs.washington.edu/EVS/) or in the gnomAD

(http://gnomad.broadinstitute.org/) databases.

RNA Sequencing

RNA was extracted using the RNeasy Mini Kit (QIAGEN). 1 pg of total RNA was used
to generate the libraries using the TruSeq Stranded mRNA Sample Preparation kit
(Illumina). The adapter-ligated library was completed by 8 cycles of PCR with Illumina

PE primers. The resulting purified cDNA library was applied to an Illumina flow cell for



cluster generation and single-end sequenced on an Illumina instrument by following

manufacturer’s guidelines.

RNA-seq data processing

50bp single-end reads were analyzed with the nextpresso pipeline
(http://bioinfo.cnio.es/nextpresso/) as follows: The sequencing quality was verified with
FastQC  (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). Reads were
aligned to the mouse genome (GRCm38/mm10) with TopHat-2.0.10 (Trapnell et al.
2012), using Bowtie 1.0.0 (Langmead et al. 2009) and Samtools 0.1.19 (Li et al. 2009),
allowing two mismatches. Read counts for genes were obtained with HTSeq (Anders et
al. 2015) and differential expression was calculated with DESeq2 (Love et al. 2014) using
the Mus musculus GRCm38/mm10 transcript annotations from:

https://ccb.jhu.edu/software/tophat/igenomes.shtml.

Gene Set Enrichment Analysis (GSEA)

GSEAPreranked (Subramanian et al. 2005) was run to perform a gene set enrichment
analysis of the Notch signaling pathway (Liberzon et al. 2015), and of the published
TLX1" (HOX11"), LYL1" and TAL1" gene sets (Ferrando et al. 2002) on mouse data,
using the RNAseq gene list ranked by logoFC obtained with DESeq2 and setting 1000
gene set permutations. For the human samples, standard GSEA was used to explore the
enrichment of the Cic LOF signature obtained from mouse data (1000 phenotype
permutations). In both cases, we considered only those gene sets with significant

enrichment levels (FDR g-value < 0.25).

Heatmaps



All  heatmaps presented in this study were built with GENE-E

(http://www .broadinstitute.org/cancer/software/GENE-E/index.html).

Identification of Cic binding sites in promoter regions

The presence of the Cic binding sites (CBS; Kawamura-Saito et al. 2006) was identified
for significantly upregulated genes as follows: genomic coordinates for these genes were
first downloaded from the UCSC Genome Browser (Karolchik et al. 2012). For each one
of these genes, a promoter region was defined as -3kbps,+500bp from the transcription
start site. Each promoter region was analyzed for the presence of the motif (Kawamura-
Saito et al. 2006), and when the motif was found, a conservation score was calculated as
the mean of the conservation scores of each nucleotide of the motif in that region. Single
nucleotide conservation scores, previously calculated with phastCons (Siepel et al. 2005),
were obtained from the UCSC Genome Browser (see

http://hgdownload.cse.ucsc.edu/goldenPath/mm10/phastCons60way/). We focused on

genes with a high degree of CBS motif conservation in the promoter region (conservation

score > (.875) to avoid introducing false positive candidates.

TCR clonality analysis
MiXCR was used to quantify clonotypes from RNAseq reads (Bolotin et al. 2015).
Overrepresentation of TCR clonotypes in T-ALL samples relative to a normal T cell

sample was calculated following a published method (Brown et al. 2017).

Accession numbers
The data for whole-transcriptome analysis has been deposited in the GEO DataSets under

ID code GSE89952.
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