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Introduction. The non-canonical NkB pathway, involved in physiology of mature B-cell
lymphocytes, is engaged by a group of tumor nesrasitor (TNF) receptors, such as CD40 and
BAFFR [1-2]. Upon receptor binding, the TRAF3/MAPB&KTRAF2/BIRC3 negative regulatory
complex of non-canonical NkB signaling is disrupted, allowing the cytoplasmetease and
stabilization of MAP3K14 (also known as NIK), thentral activating kinase of non-canonical NF-
kB signaling [3]. The stabilized MAP3K14 activatdsetIKKo kinase, which in turns directly
phosphorylates NIikB, /p100, inducing partial proteolysis of p100 to gB2the proteasome. The
p52 protein dimerizes with RelB to translocate irtee nucleus, where it regulates gene
transcription [4]. TheIRC3 gene, a master negative regulator of non-canoNEaB signaling, is
recurrently mutated in ~5% chronic lymphocytic leaka (CLL) and ~10% splenic marginal zone
lymphoma (SMZL) [5-6].BIRC3 inactivating mutations (frameshift or non-senséssitutions)
cause the truncation of the C-terminal RING domafirthe BIRC3 protein, whose E3 ubiquitin
ligase activity isessential for proteasomal degradation of MAP3K1} Tghis project aims at
characterizing the functional consequencesBtRC3 mutations on the biochemistry of non-
canonical NF¢B signaling and on the cellular phenotype in CLd &MZL.

For the functional experiments, we used differegit tne models of CLL (MEC1) and SMZL
(KARPAS 17-18, SSK41, VL51). The MAVER-1 and Z-188ll lines of MCL, which harbor
genetic activation of non-canonical NF-kB signalimgere utilized as positive controls, while the
JEKO-1 cell line of MCL and the human embryonicrieg (HEK) 293T cell line, as negative
controls [7].

Genetic characterization of BIRC3, TRAF2 and TRAE3he key regulators genes of non-
canonical NFR<B pathway BIRC3, TRAF2, TRAF3) were screened for mutations and gene
deletions in our panel of cell lines by Sanger seging and FISH (Fluorescende Stu

Hybridization), respectively. The MEC1 and VL51 Idates carriedheterozygous mutations that
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truncate the C-terminal RING domain of BIRC3 protdhe KARPAS 17-18 cell line harbored a
monoallelic deletion of the entiE RC3 locus, while the SSK41 cell line was wild type.

Biochemical dissection of the non-canonical NkB pathway and gene expression signatuhe
the VL51 and MEC1 cell lines, harboringnautatedBIRC3, non-canonical NksB signaling was
active, as documented by the stabilization of MABR&K phosphorylation of NkB, and its
processing from p100 to p52. Conversely, BIRC3 wild type SSK41 and KARPAS 17-18 cell
lines were devoid of biochemical clues of non-cac@inNF«B signaling. Consistent with the
molecular clues of non-canonical MB- activation, the gene expression signature oMbgl and
MECL1 cell lines was significantly enriched of MB-target genes.

Western blot ofcytoplasmatic and nuclear fractions of p52Io complete the biochemical
dissection of the non-canonical MB- signaling in our panel of SMZL and CLL cell linese
assessed the localization of p52 by Western biptiiter fractionation of cytoplasmic and nuclear
proteins (Qproteome Nuclear Protein Kit, Qiagenkstérn blot analysis, using antibody directed
against p52 protein (Cell Signaling, #4882), regda nuclear localization of p52 in the VL51 and
MEC1 cell lines, which harboreBIRC3 mutations. MAVER-1 and Z-138 cell lines were used
positive controls, while JEKO-1 and HEK293T cehds were utilized as negative controls [7].
Beta-tubulina (Sigma Aldrich, #T5201) and BRG1 (@a@Gtuz Biotechnology, #17796) were used
as controls for the purity of nuclear and cytoplasfractions, respectively.

Treatment with the Bruton's tyrosine kinase (BTKnhibitor ibrutinib . Consistent with the ability
of BIRC3 mutations to activate NkB independent of BTK [7], a tyrosine kinase at ¢hessroad of

B-cell receptor (BCR) and NF-kB signaling [8], citles harborindBIRC3 mutations were resistant
to the BTK inhibitor ibrutinib.

Western blot studies of primary CLL and SMZL samgl&o validate in vivo in patients the results
our observations from cell lines, we identifiedf@mary CLL and SMZL samples known to harbor
heterozygous inactivating mutations BIfRC3. Case 9321 (CLL) carried a frameshift mutation of
BIRC3 exon 9 (c.1638_1639insA p.Q547fs*12). Case 14482 JCarried frameshift mutations of
BIRC3 exon 6 (c.1282delA p.R428fs*19) and exon 8 (c.1&08dp.E537fs*3). Case 12603
(SMZL) carried a nonsense truncating mutation @AB>T p.Q547*) and 2 deletions: one that
removed 5 bp oBIRC3 exon 6 (c.1283_1287delGGGAA p.R428fs*8) and anothat removed 6
bp of BIRC3 exon 9 (c.1786_1791delAAGGGT p.K596del2aa). Orilg first deletion causes
frameshift in the gene-coding sequenBERC3 mutations of cases 9321, 14462 and 12603 were
predicted to generate aberrant transcripts carmregature stop codons and lacking the C-terminal
RING domain, whose E3 ubiquitin ligase activity @ssential for proteasomal degradation of
MAP3K14 [3-9-10]. TwoBIRC3 wild type cases, namely 11731 (SMZL) and 12600 ZEMwere
used as controls.

By Western blotting of proteins from primary tunemlls, case 9321, which harbored a monoallelic
mutation truncatingBIRC3, expressed both wild type BIRC3 protein as wellaas additional
aberrant band of lower molecular weight correspogdh size to the predicted mutant BIRC3. Case
14462, which harbored two truncating mutationswo tdifferent alleles oBIRC3, expressed two
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aberrant bands of molecular weight correspondingjza to the predicted truncated BIRC3, while
was devoid of the wild type BIRC3. Case 12603 hawlogaic subclonal architecture of tRHRC3
gene, because harbored 3 BIRC3 truncating mutatiesglting in the expression of 3 aberrant
bands of lower molecular weight corresponding zedp the predicted mutant BIRC3 along with
the wild type proteinBIRC3 mutated cases (9321, 14462 and 12603) showedaronical NF<B
signaling, as documented by the stabilization of M8K14 and NFReB, processing from p100 to
p52. In contrast, cases 11731 and 12600, which wekrmid of BIRC3 mutations, lacked of
MAP3K14 stabilization and NkB, processing from p100 to p52, consistent with theeabe of
non-canonical NkeB signaling.

Immunohistochemistry of primary SMZLbiopsy samplesTo extend the validation in vivo in
patients of the results our observations from loedls, we collected 3Baraffin-embedded primary
SMZL spleen tumor tissues and screened them foratus of BIRC3 (exons 2-9, including
splicing sites; RefSeq NM_001165.3) amBAF3 (exons 2-11, including splicing sites; RefSeq
NM_145725.2) by Sanger sequencing. OveBIIRC3 was affected by truncating mutations in 2/38
(5%), while TRAF3 a second negative regulator of non-canonical kBF-was disrupted by
mutations in 2/38 (5%) SMZLs. By immunohistocherhiaasay using anti-NkB2 (p52; Cell
Signaling, #3017) antibody, all cases WBHRC3 or TRAF3 mutations (4/4, 100%) showed a clear
nuclear staining for NkB2 (p52), consistent with an activation of non-aainal NF«B. Nuclear
localization of NF«B2 (p52) was also detected in 8/34 (23%) caseswbet wild type foBIRC3
andTRAF3, suggesting that additional and yet unknown mdsamechanisms might activate non-
canonical NF¢B in these cases.

Knockdown of MAP3K14 by RNA interferencé@o test whetheBIRC3 mutated cells are addicted
of MAP3K14 (NIK) overexpression, we produced lemtiges expressing 3 short hairpin RNAs
(shRNAs) targeting MAP3K14, as well as the scramtdeRNA, cloned into the BamHI/Hindlll
cloning sites of the pGFP-C-shLenti vectors (Ori&drechnologies). Within the 5'-LTR and 3'-
LTR regions, each pGFP-C-shLenti vector containsrRNA expression cassette driven by an U6
promoter, a puromycin resistance marker driven B¥40 promoter and a GFP driven by a CMV
promoter. The shRNA expression cassette consis®® dip target-gene-specific sequence, a 7 bp
loop, and another 29 bp reverse complementary sequdollowed by a TTTTTT termination
sequence. The HEK293T cell line was co-transfectaith expression (3 different pGFP-C-
MAP3K14-shLenti or pGFP-C-non-effective-shLenti)ct@s and adjuvant vectors (pMDL, REV
and VSV-G). Fluorescence microscope was utilizea¢theck the expression of the GFP in the
transfected HEK293T cell line. After virus titratip the VL51 cell line was infected with
lentiviruses harboring the shRNAs against MAP3K1bd #he scrambled through a spinoculation
protocol. After four days, infected cells were ntored by flow cytometry for the expression of the
GFP and were selected by puromycin (1.5 pg/mL).otibh this approach, VL51 cells stably
expressing the shRNAs against MAP3K14 or the scladntonstructs were established. This set up
experiment allowed to identify the sShRNA vectortwibe highest efficacy in silencing MAP3K14,
both by Western blotting and flow cytometry.



PerspectivesThe consequences of MAP3K14 knockdown by RNA fetence will be assessed at
the biochemical level on non-canonical NB-signaling, at the gene expression level on the no
canonical NFR<B-associated gene signature, and at the cellulal ta cell survival.

Conclusions These data indicate that:

1. BIRC3 mutations lead to constitutive non-canonical fB-signaling activation in the
BIRC3 mutated VL51 (SMZL) and MEC1 (CLL) cell lines aoalmented by the
stabilization of MAP3K14, phosphorylation of NB, its processing from p100 to p52,
nuclear localization of p52 and upregulation of RB-target genes;

2. cell lines harborind3IRC3 mutations are resistant to ibrutinib, consisteiththe ability of
BIRC3 mutations to activate NkB independent of BTK;

3. Western blotting for MAP3K14 expression and immustdthemistry for p52 nuclear
localization confirms non-canonical N&B signaling activation also iBIRC3 mutated
primary SMZL and CLL tumors.
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