Supplementary Materials and Methods
Reagents
Ficoll-Paque (#17-144-02) was purchased from GE HealthCare Pittsburgh, PA.
Dasatinib (#0003-0528-11) was manufactured by Bristol-Myers Squibb Company, Seattle,
WA. Syk inhibitor IV (Bay 61-3606) (#57-471-42MG) was obtained from EMD Millipore
Calbiochem, Billerica, MA. Ibrutinib (#A3001) and ERK1/2 inhibitor, SCH772984
(#A3805), were obtained from ApexBio, Houston, TX. Dimethyl sulfoxide (DMSO)
(#D2438) and MTT (#M5655) were obtained from Sigma Aldrich, St. Louis, MO. Matrigel
(#354234) was purchased from BD Biosciences, San Jose, CA. Polybrene (#SC134220)
was obtained from Santa Cruz Biotechnologies, Santa Cruz, CA.

Cells and tissues
Single cell suspensions were prepared by processing mouse spleens through a
40μM cell strainer with the flat end of a 5cc syringe in Hanks Buffered Salt Solution
(HBSS). Other tissues were collected and processed in a similar manner. Tibiae and
Femora were collected from mice and marrow was isolated by flushing with a 26G syringe
with HBSS. Peritoneal cells were obtained through peritoneal lavage with HBSS.
Peripheral blood mononuclear cells were isolated from 200-300μl collection and treated
with RBC lysis buffer and HBSS washes. Cells were cultured in RPMI-1640 media
(Corning #10-040-CV, New York, NY) supplemented with 10% FBS, 50µM 2-ME, 50µM
Sodium Pyruvate, and 50,000 Units Penicillin/Streptomycin (cRPMI).
Mec-1 and OSU-CLL cells have been described by us previously 1. Mec-1 cells
were cultured in IMDM (Iscove's Modified Dulbecco's Medium) (ThermoFisher Scientific
#12440061 Waltham, MA) supplemented with 10% FBS, 50µM 2-ME, 50µM sodium
pyruvate, and 50,000 Units gentamicin (cIMDM). Other cell lines were cultured in the
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following media: in cRPMI (OSU-CLL, H460 and PC-3), IF-12 (SudHL-6 and LY-3), or
DMEM (NIH-3T3) were also described by us previously2,3.

Mice
Animals were housed in microisolator cages under controlled light cycle, temperature and
humidity, were given a standard pelleted rodent chow and filter-purified water ad libitum
and were maintained by the Department of Laboratory Animal Resources in specific
pathogen free conditions. All animal studies were approved by the Institutional Animal
Care and Use Committee and were carried out in accordance with the Animal Welfare Act.

Flow cytometry and cell sorting
Single cell suspensions of CLL cells and tissues from C57BL/6J, Eμ-Tcl1 and Par4-/-Tcl1 mice were analyzed for multicolor flow cytometry using the FACSCaliber and
Becton Dickinson LSRII Flow Cytometer (BD). 1x106 cells were incubated with normal rat
IgG to block Fcγ receptors (10μg/1x106 cells) for 15 minutes at room temperature and
then stained for 30 minutes on ice with fluorchrome-conjugated antibodies (all from
BioLegend, San Diego, CA) towards CD5 (Cat# 100606 or 100608), CD19 (Cat# 115520
or 115508 or 115512), CD45 (Cat# 103114 or 103110). Peritoneal B-cell subsets and
spleen B-cells were stained for CD19, CD5, and CD11b (Cat# 10121,) to distinguish B1a: CD5+CD19+CD11b+, B-1b: CD5-CD19+CD11b+, and B-2: CD5-CD19+CD11bpopulations and sorted on the iCyt Synergy sorter system from Sony Biotechnology (San
Jose, CA). Human CLL and normal peripheral blood samples were stained with antibodies
towards human CD5 (Cat# 364022), CD19 (Cat# 302208) and CD45 (Cat# 368512) for
1hour on ice.
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shRNA lentiviral infection
Mec-1 CLL cells were transduced with lentiviruses expressing Lyn shRNA and Par4 shRNA. Lyn shRNA gene set (clones #TRCN0000010101 and #TRCN0000010107)
prepared by the RNAi Consortium was purchased through ThermoFisher Scientific. Par4 shRNA constructs were expressed in the pLKO.1 lentiviral vector. Lentiviruses were
packaged in HEK-293-T cells by cotransfection with pMD2.G (VSV-G) envelope plasmid
(Addgene) and the Gag, Pol expressing psPAX2 packaging plasmid (Addgene). Lentiviral
particles from the supernatants were transduced into Mec-1 cells in cIMDM with 10μg/ml
Polybrene by centrifugation for 90mins at 2800rpm at 10°C. After 24hrs at 37°C cells were
transferred to fresh media and selected by puromycin resistance. Gene silencing
efficiency was analyzed by immunoblot for respective proteins. Control shRNA and Par-4
shRNA Mec-1 cell growth rate was monitored through trypan blue exclusion. Total cell
numbers were recorded with each passage and extrapolated total cell counts were
calculated. Individual control and Par-4 shRNA expressing clones were isolated by limiting
dilution in the presence of puromycin.

Immunoblot analysis
All cells were lysed in Cell Signaling lysis buffer (Cat# 9803, Danvers, MA)
supplemented with 1X protease inhibitor (Roche Cat# 5892953001, Indianapolis, IN),
1mM PMSF (Sigma #P7626), 2mM NaF (Sigma #S-1504), 2mM Na3VO4 (Sigma #S6508). Nuclear and Cytoplasmic fractions were isolated using NE-PER Extraction Kit from
ThermoScientific (#78833). Pierce BCA Assay was performed to detect amount of protein
in each sample and then 30μg of protein was separated on a sodium dodecyl sulfate
polyacrylamide gel and transferred to polyvinylidene difluoride membranes (EMD Millipore
Cat# IPVH00010). Each membrane was probed with respective primary antibodies and
horseradish peroxidase-conjugated secondary antibodies. Membranes were exposed to
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HyGLO chemiluminescence reagent (Denville Scientific Cat# E2400) and developed on
HyBlot CL autoradiography film (Denville Scientific #E3012). Intensities of bands were
quantified using the NIH Image J program. All blots were normalized to Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) or β-actin. Phospho-specific antibodies against
Src (Y416) (#2101S), Akt (S473) (#9271L), Syk (Y525/526) (#2711), Btk (Y223) (#5082P),
p-ERK (#9101) were obtained from Cell Signaling Technologies. Antibodies against total
Akt (#9272S), Syk (#2712), Btk (#3533S), GAPDH (#2118S) were also obtained from Cell
Signaling Technologies. Antibodies against total Lyn (#SC-15), Par-4 (#SC-1807), Col1A1
(#SC-28657), Tcl1 (#SC-33550), p21 (F-5) (#SC-6246), ERK1/2 (#SC-94) and Bcl-2
(#SC-7382) as well as Peroxidase coupled secondary antibodies (#SC-2004, SC-2005)
were obtained from Santa Cruz Biotechnologies. Antibody against β-actin (Cat# A5441)
was obtained from Sigma Aldrich.

Quantitative Real-time PCR (qRT-PCR)
Total RNA was isolated from different cell populations using TRI reagent (Sigma
Aldrich Cat# T9424). A total of 0.5μg of RNA was then used to make cDNA with qScript
cDNA SuperMix (Quanta Bioscience Cat# 95048-100, Gaithersburg, MD). iTaq Universal
SYBR Green Supermix (BIO-RAD Cat #172-5121, Hercules, CA) was used to carry out
the RT-PCR reaction with indicated primers (Table S1) obtained from IDT technologies
(Coralville, IA). RT-PCR was performed using BioRAD CFX96 Touch Real-time PCR
Detection System.
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Table S1

mPar-4
m18S
hPar-4
hp21
h18s

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

5' → 3'
GACTTGTGAGGCTGATGCAA
GCCCAACAACCTTCAAAAGA
CGCCGCTAGAGGTGAAATTCT
CGAACCTCCGACTTTCGTTCT
GAAGATGCAATTACACAACAGAACAC
TAGCAGATAGGAACTGCCTGGAT
CAGACCAGCATGACAGATTTC
TTAGGGCTTCCTCTTGGAGA
TTCGAACGTCTGCCCTATCAA
ATGGTAGGCACGGCGACTA

Cell cycle analysis
Par-4 shRNA expressing Mec-1 cells (5 x 105) with a confirmed knockdown of Par4 were cultured in triplicate for 48hrs and then analyzed for cell cycle stage after fixing
with cold 70% ethanol for 1hr at 4°C and incubation with a mixture of 1µg/ml propidium
iodide (PI) (Sigma Aldrich, P1470) and 25µg/ml RNase A (Sigma Aldrich, R6513) at 37°C
for 30 mins. The level of PI fluorescence was measured with a FACSCaliber flow
cytometer. Cell populations in G 1 , S, G 2 /M phase were calculated using ModFit Software.

CD79a siRNA knockdown study
CD79a siRNA and control siRNA were obtained from Santa Cruz Biotechnologies
(Cat# SC-35025 and SC-37007) and GE HealthCare (Cat# E-011606-00-0005 and D001960-01-05). Human CLL samples obtained from peripheral blood collection were
purified by Ficoll-paque density gradient. 20x106 CLL cells were then transferred in 200μl
PBS to a 0.4cm electrode gene pulser cuvette (Cat# 165-2008, BioRad, Richmond, CA).
The cells were then pulsed at 220mV or 250mV, 960μF, 0Ω and then quickly transferred
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to 4ml RPMI for 24hrs incubation and then collected for immunoblot and qRT-PCR
analysis.

Par-4 apoptosis and secretion assay
Primary Eμ-Tcl1 mouse CLL cells were cultured for 24hrs in cRPMI media with
0.05% fetal calf serum and then media was collected and applied to H460 lung cancer cell
line. Apoptotic nuclei were defined by 6-diamidino-2-phenylindole (DAPI) staining (Cat#H1200 Vector Laboratories, Inc., Burlingame, CA).4 Recombinant thioredoxin and
thioredoxin-Par-4 fusion proteins used for negative and positive controls were produced
as described before.3 Antibody towards Par-4 was used to block Par-4 mediated
apoptosis. Primary Eμ-Tcl1 mouse CLL cells and purified mouse splenic B-cells were
isolated by depleting T-cells via treatment with anti-Thy1.2, anti-CD4, anti-CD8 antibodies
plus complement and then stimulated with 5μg/ml LPS for 12hrs in low serum (0.05%FBS)
RPMI. Media was collected and concentrated using Amicon Ultra-4 centrifugal filter
concentrators (Cat# UFC801024, EMD Millipore, Billerica, MA). The conditioned medium
was probed for Par-4 and Collagen 1A1 (Col1A1). Albumin was detected by Coomasie
blue stain. The cells were collected and the lysates were used to measure total cellular
Par-4 levels.

hCLL IGHV sequencing
For each patient, total RNA from PBMCs was reverse transcribed and IGHV
sequences were amplified from the cDNA with IGH family specific forward primers and
isotype specific reverse primers, as previously described.5,6 The resulting PCR products
were unidirectionally Sanger sequenced and aligned to germline using the online IG
BLAST tool. Sequence reads covered the entire variable domain and included the first 38124 nucleotides of the constant region. For each patient, only one productive sequence
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was obtained, and thus was termed the major clone. Patients with ≥98% sequence
homology to the germline variable domain were categorized as unmutated, as others have
done previously.5-8

Statistical analysis
Statistical analyses were performed using GraphPad Prism 7 (GraphPad
Software, Inc., La Jolla, CA). Significant differences between groups were evaluated by
Student’s t-test, growth rates of cells were analyzed by linear regression analysis
calculated through the slope, and Kaplan-Meier curves were analyzed by Log-Rank test.
p-values < 0.05 were considered significant.
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Figure S1: B-cell subsets from wild type mice and CLL cells from Eµ-Tcl1 mice
defined by FACS analysis.
A) Representative FACS profiles for WT (top) and Eµ-Tcl1 (bottom) spleens stained with
antibodies to CD5 and CD19. Both mice were 10 months at the time of euthanasia. B)
Cells were collected from the peritoneal cavity of 20 C57BL/6J Wild type mice and stained
for the B-cell subset markers; B-1a: CD19+CD5+CD11b+, B-1b: CD19+CD5-CD11b+, B-2:
CD19+CD5-CD11b- and sorted into respective populations. Total protein and RNA was
isolated from these populations to compare Par-4 protein expression in normal and CLL
B-cells. C) Peritoneal cavity cells were collected from both WT (n=20) and Eµ-Tcl1 mice
(n=4) and sorted according to Fig S1B. Total protein was isolated. Immunoblot analysis
was performed to determine the expression of activated BCR signaling molecules, Par-4,
and Tcl1 proteins.
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Figure S2

Figure S2: CLL cells secrete Par-4, which is functional in inducing apoptosis of
other cancer cell lines.
A) Conditioned medium (CM) was collected and concentrated from WT splenic B-cells
alone or stimulated with 5μg/ml LPS and from Eμ-Tcl1 CLL cells. CM and total protein
lysate from the cells were probed for Par-4. CM Par-4 is normalized to Col1A1, a known
secreted protein, and Par-4 in the total cell lysate was normalized to GAPDH. B) The
conditioned medium from Eμ-Tcl1 CLL cells was applied to H460 lung cancer cell line.
H460 cells were treated with control recombinant protein thioredoxin (Trx), recombinant
Trx Par-4 protein, CLL CM, CLL CM with anti-Par-4 antibody, or isotype matched antibody.
Apoptosis was measured by immunocytochemistry and DAPI morphology. Results are
presented as mean+SE of triplicate determinations. C) Patient derived primary CLL cells
were treated with recombinant Par-4, active Par-4 domain (SAC) or vehicle (TRX) for
24hrs and the viability was assessed by flow cytometry. OSU-2S, a phosphatase
modulator derived from Fingolimod, was used as positive control for cell death. Apoptosis
was measured by Annexin V and Propidium Iodide (PI) staining by flow cytometry.
Percentages of live cells were normalized to the untreated CLL culture. D) Immunoblot
analysis of total cell lysates from different tumor cell lines, primary and adoptive transfer
Eμ-Tcl1 CLL cells for GRP78 expression. E) Nuclear and cytoplasmic contents were
isolated from multiple Eµ-Tcl1 CLL cell isolates. Par-4 was detected in both cell
compartments. HDAC is used as a loading control for nuclear proteins and GAPDH for
cytoplasmic proteins.
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Figure S3
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Figure S3: Par-4 was detected in the plasma and spleen cells of C57BL/6J and Par4-/- mice after CLL transfer.
A) Plasma was collected each week after adoptive transfer of CLL cells into C57BL/6J WT
mice and Par-4-/- animals and was probed for Par-4. Mouse Embryonic Fibroblasts (MEFs)
were used as positive control for Par-4. B) After 4 weeks of CLL growth, spleens were
collected from WT and Par-4-/- animals and probed for Par-4 and Tcl1 to confirm CLL
growth. Mouse #3 in WT Par-4+/+ did not develop CLL due to technical reasons with CLL
injection. Densitometry values are normalized to β-actin.
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Figure S4
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Figure S4: Inhibition of BCR signaling reduced survival of Eμ-Tcl1 CLL cells.
Eμ-Tcl1 CLL cells were treated with different concentrations of fostamatinib or ibrutinib for
48hrs. Cell viability is measured through MTT Assay. Results represent an average of
three experiments.
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Figure S5

Figure S5: Lentiviral mediated shRNA knockdown of Lyn in LY-3 lymphoma cell line
caused a decrease in Par-4 expression.
LY-3 B-cell lymphoma cells were infected with lentiviruses expressing control or Lyn
specific shRNA #1 or #7 (RNAi Consortium, ThermoFisher Scientific). Puromycin resistant
viable cells were lysed and the cell lysates were probed for expression of total Lyn and
Par-4 by immunoblot. Protein levels of Lyn and Par-4 were normalized to β-actin.
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Figure S6

Figure S6: Human CLL cell transfection efficiency.
Human CLL cells were co-transfected with PE-labelled control siRNA along with the
CD79a siRNA to test the transfection efficiency. PE positive cells were detected by flow
cytometry and compared to non transfected cells. This was repeated six times with a range
of 47-90% transfection efficiency.
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Figure S7

Figure S7: Par-4 expression is regulated through ERK signaling in Eμ-Tcl1 CLL cells
but not PC-3 cancer cells.
Both Eμ-Tcl1 and PC-3 cells were treated with the ERK1/2 inhibitor SCH772984 for
indicated time periods, cells were lysed and lysates were analyzed by immunoblots for
phosphorylated and total ERK, Par-4 and β-actin. Blots represent one of three
experiments. pERK levels were normalized to total ERK1/2 and Actin. Par-4 protein
expression was normalized to β-actin.
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Figure S8

Figure S8: Par-4 knockdown in OSU-CLL cells results in reduced proliferation.
A) OSU-CLL cell lines were infected with control or Par-4 shRNA lentivirus and plated at
5x105 cells/mL in quadruplicate and counted at 0, 24, 48, and 72hr time points using a Tali
image-based cytometer. B) OSU-CLL cells were plated at 3x105 cells/well in triplicate to
measure 3H-Thymidine incorporation. Measurements were taken at 24, 48, and 72hr time
points. Plates were pulsed with 1µCi per well for 16hrs prior to harvesting and count per
minute (CPM) measurement on a Top-Count scintillation counter. C) Immunoblot analysis
of lysates of OSU-CLL cells treated with control and Par-4 lentiviral shRNA for Par-4. Par4 band intensities were normalized to β-actin. D) Survival curves of NSG Mice injected
with OSU-CLL cells expressing control shRNA or Par-4 shRNA (Left). Animals were
euthanized upon onset of hind-limb paralysis and mean survival time was found to be
significantly different between the two groups by a Log-rank test (p-value=0.0148). Total
WBC count from weekly blood smears with modified Giemsa stain calculated from an
average of 5 fields are plotted as a function of weeks after OSU-CLL injection (Right).
p=0.0084 determined by linear regression analysis. n=10 animals per group.

15

Figure S9

Figure S9: Known Par-4 targets (p-Akt and Bcl-2) are upregulated in Mec-1 Par-4
knockdown cells.
Cell lysates of Mec-1 cells expressing control or hPar-4 (human Par-4) specific shRNA
were analyzed in duplicate by immunoblots for Par-4, p-Akt, Akt and Bcl-2, and β-actin.
Band densities for Par-4, Akt and Bcl-2 were normalized to β-actin while the band
density for phosphorylated Akt was normalized to total Akt.
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Figure S10

Figure S10: Par-4 knockdown in Mec-1 CLL cells results in no change in Cdk1
expression with only modest changes in Cdk2 and Cdk4.
Cell lysates from control and Par-4 shRNA expressing Mec-1 cell clones were analyzed
by immunoblot for proteins involved in cell cycle. Protein expression values are normalized
to β-actin.
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Figure S11

Figure S11: Eµ-Tcl1 CLL mice express high levels of Par-4 in all tissues examined.
Cell lysates were made of different tissues as indicated from an Eµ-Tcl1 mouse.
Immunoblot analysis of Par-4 and Tcl1 is shown. Protein levels were normalized to βactin.
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Figure S12

Figure S12: Par-4-/-Tcl1 cells express more p21 protein.
Par-4+/+Tcl1 and Par-4-/-Tcl1 cell nuclear and cytoplasmic fractions were isolated and
probed for p21 expression. Nuclear (N) loading control is HDAC and cytoplasmic (C)
control is GAPDH.
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Figure S13

Figure S13: Human CLL patients are double positive for CD5 and CD19 expression.
Representative FACS profiles of primary human peripheral blood samples diagnosed with
CLL stained with antibodies to CD5 and CD19 compared to two normal donors (WBC#1
and WBC#2). All other human patient samples were confirmed for CD5+CD19+
expression after clinical diagnosis.
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Figure S14

Figure S14: No significant difference in CLL patients between Par-4 expression and
trisomy 12 or IGVH mutation status.
A) Relative Par-4 expression in human CLL peripheral blood samples with trisomy 12
(n=7) or without trisomy 12 (n=23) normalized to either β-actin or GAPDH. B) Relative
Par-4 expression normalized to β-actin or GAPDH in human CLL patients classified as MCLL (n=22) and U-CLL (n=20).
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Figure S15

Figure S15: Par-4 expression decreased after Btk inhibition.
Human CLL patient samples were treated with 1µM for 6 and 12hrs, total protein was
isolated and probed for phosphorylated Btk, total Btk, Par-4 and β-actin. Protein values
are normalized with β-actin. A representative Western blot analysis of two individual CLL
patients’ cells treated with Btk inhibitor is shown.
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