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Stromal remodeling by the BET bromodomain inhibitor JQ1
suppresses the progression of human pancreatic cancer

SUPPLEMENTARY DATA

SUPPLEMENTARY RESULTS

It is also important to clarify the effects on other
stromal cells. For example, within the tumor stroma are
abundant immunosuppressive myeloid cells including
tumor-associated macrophages (TAMs). TAMs have been
implicated in the suppression of anti-tumor immunity,
promotion of cancer cell proliferation, and treatment
resistance in PDAC [1]. In fact, an increased number
of TAMs within the tumor has been shown to correlate
with poor prognosis in PDAC patients [2]. Interestingly,
we observed reduced infiltration of macrophages in JQ1-
treated PDX tumors (Supplementary Figure S8A).

The chemokine CCL2 plays a central role in
the mobilization and recruitment of CCR2-positive
inflammatory monocytes from the bone marrow to the
blood and finally into the tumors [3]. So far several
studies have reported therapeutic efficacy of targeting
the CCL2-CCR2 chemokine signaling axis in PDAC [4].
Based on the significant reduction of CCL2 expression in
JQ1-treated CAFs (Figure 4A), we hypothesized that an
altered secretome from CAFs might contribute to reduced
macrophage infiltration. To test this, we performed
migration assay using conditioned medium (CM) from
DMSO- or JQIl-treated mouse CAFs (97f cells). As
expected, CM from DMSO treated CAFs (CM-D) induced
the migration of RAW264.7 cells, while this effect was
reduced using CM from JQl-treated CAFs (CM-J)
(Supplementary Figure S§B).

TAMs can be classified into two subclasses, namely
M1 and M2 macrophages. In general, M1 macrophages
are characterized by high expression of pro-inflammatory
cytokines such as TNF-a, IL-1f, and IL-6. M2 macrophages
have been implicated in creating an immunosuppressive
microenvironment through immunosuppressive mediators
such as arginase-1 (Arg-1), TGF-f, and IL-10 and also
through promoting T-cell apoptosis via programmed death
ligand 1(PD-L1) expression. To see if the inactivation
of CAFs might affect macrophage function and/or
polarization, we studied the effects of CAF-CM on bone-
marrow-derived macrophages (BMDMs). Interestingly,
most genes associated with both M1 and M2 phenotypes
were downregulated in BMDMs treated with CM-J
(Supplementary Figure S8C). These results highlight
the impact of JQI-mediated inactivation of CAFs on
other stromal cells, though the net effect on the tumor
microenvironment still requires further investigation.

SUPPLEMENTARY METHODS

Mutation analysis

Genomic DNA was extracted using the DNeasy mini
kit (Qiagen). Exon 2 of KRAS was amplified by PCR using
previously described primers [S]. Mutations in codon 12
of KRAS were analyzed by direct sequencing.

siRNA

hCAFs were seeded at 1 x 10° cells per well in a
collagen-coated 6-well plate and cultured overnight.
Then the cells were transfected with siRNAs at a final
concentration of 20 nM using the Lipofectamine RNAi
Max Transfection Reagent (Life Technologies). Four days
after transfection, cells were harvested and analyzed. The
siRNAs used in this study are as follows: siNC (Negative
Control siRNA, QIAGEN), siBRD4 1 (s23901, Ambion),
and siBRD4 2 (523902, Ambion).

Cytokine array

Cytokines secreted from CAFs were screened using
the RayBio Human Cytokine Antibody Array CYT-2000
kit (RayBiotech Inc.) according to the manufacturer’s
instructions. CM was prepared as described, and used
without concentration.

Chromatin immunoprecipitation (ChIP)-qPCR

ChIP-qPCR was performed as described previously
[6] with slight modifications. Briefly, 97f cells were grown
in 10 cm plates up to 70-80% confluent. After 24hr of
serum starvation in DMEM containing 0.1% FBS, 97f
cells were pre-treated with DMSO or 1 uM JQ1 for 2
hours, followed by TGF-B1 (10 ng/mL, 1 to 4 hours). Cells
were cross-linked with 1% formaldehyde for 10 minutes
at room temperature followed by quenching with 125 mM
glycine. After two washes with PBS, cross-linked cells
were lysed with lysis buffer 1 (50 mM HEPES-KOH pH
7.5, 140 mM NaCl, | mM EDTA, 10% glycerol, 0.5% NP-
40, and 0.25% Triton X-100), followed by centrifugation
at 1,000 xg for 5 minutes. Pellets were washed with lysis
buffer 2 (10 mM Tris-HCl pH 8.0, 200 mM NacCl, 1
mM EDTA pH 8.0, and 0.5 mM EGTA pHS.0). Pellets
equivalent to 1 x 107 cells were suspended in 200 pL of
sonication buffer (50 mM Tris-HCI pH 8.0, 10mM EDTA
pHS.0, 1% SDS) and aliquoted in 1.5 mL TPX microtubes
(HTC-M50001, Cosmo Bio). Each aliquot was sonicated
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with a sonicator (Bioruptor UCD-250, Cosmo Bio) for
15 cycles at high output (30-second sonication followed
by 30-second rest). Lysates were cleared by centrifuging
at 20,000xg for 10 minutes at 8°C, and 150 pL cleared
lysates (that are equivalent to 7.5 x 10° cells) were further
diluted to 1.5 mL with ChIP dilution buffer (16.7 mM
Tris-HCI pH 8.0, 0.01% SDS, 1.1% Triton X-100, 1.2 mM
EDTA pH8.0, and 167mM NaCl) and incubated overnight
at 4°C with magnetic beads bound with antibodies. For
input DNA, 30 pL cleared lysates (i.e., 20% input) were
used. Beads were washed five times with low salt buffer
(20 mM Tris-HCI pH 8.0, 0.1% SDS, 1% Triton X-100,
2 mM EDTA pH 8.0, and 150 mM NacCl) and three times
with high salt buffer (20 mM Tris-HCI pH 8.0, 0.1% SDS,
1% Triton X-100, 2 mM EDTA pH 8.0, and 500 mM
NaCl). DNA was eluted in elution buffer (10 mM Tris-
HCI pH 8.0, 300 mM NaCl, 5 mM EDTA pH 8.0, 1%
SDS), followed by decrosslinking overnight at 65°C. After
RNase treatment and Proteinase K digestion, DNA was
extracted using a PCR purification kit (Qiagen). ChIP and
input DNA were analyzed on the StepOnePlus Real-Time
PCR System (Applied Biosystems) using the FastStart
Universal SYBR Green Master (Roche).

Migration assay

The migration assay was performed using Boyden
chambers (5 um pore size, 24 well type, Coaster 3421)
according to manufacture’s instructions. Briefly, 2 x 10°
cells in 100 pl of serum free DMEM were seeded in the
upper chambers. As a chemoattractant, 500 ul DMEM
containing 10% conditioned medium (CM) from DMSO
or JQ1-treated mouse CAFs (97f cells) was added to the
lower chamber. After 20 h, the migrated cells were stained
with Diff-Quick (Sysmex, Kobe, Japan) and counted
as cells per 100x field. Three random 100x fields were
counted per inserts and averaged.

Bone marrow derived macrophages

Bone marrow derived macrophages (BMDMs)
were prepared as described before [7]. Briefly, femurs
and tibiae were harvested from legs of C57BL/6 mice
and were flushed using a 25-gauge needle. The bone
marrow was filtered through a 40 pm strainer and cultured
in Non-Treated culture dishes (Iwaki, 1030-150) in high
glucose DMEM (Sigma) supplemented with 10% FBS
(Invitrogen), 1% penicillin and streptomycin (Invitrogen),
and 10 ng/mL mouse Csf-1. After seven days culture to
induce macrophage differentiation, BMDMs were seeded
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into 6-well plates at a density of 20,000 cells/well. After
6 h serum starvation, BMDMSs were cultured in serum-
free DMEM with 10% concentrated conditioned medium
(CM) from mouse CAFs for 24 h. Cells were harvested
and subjected to qRT-PCR.
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SUPPLEMENTARY FIGURES
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Supplementary Figure S1: Establishment of patient derived tumor xenograft (PDX) from primary PDAC specimens.
Histological sections of the original patient sample (parental tumor) and PDX tumors grown subcutaneously in NOD/SCID mice were
compared. A. H & E staining showed that both parental tumors and subcutaneous xenograft tumors exhibited similar glandular structures
that were surrounded by prominent stromal composition, showing a histology of well to moderately differentiated ductal adenocarcinoma.
B. Azan staining revealed a similar desmoplastic reaction in parental and PDX tumors. C. Immunohistochemistry for the CAF activation
marker a-SMA. Both primary and PDX tumors show abundant infiltration of activated CAFs into the stroma. Scale bars represent 100 um.
D. Related to Figure 1, western blot analysis was performed using bulk tumor lysates for the expression of the proliferation markers, cyclin
D1 and PCNA. PCNA and cyclin D1 expression was decreased in JQ1-treated tumors. f-actin was used as a loading control. Three tumors
per group were analyzed.
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Supplementary Figure S2: Related to Figure 2, the effects of JQ1 on established pancreatic cancer cell lines were
evaluated. A. BxPC3 and PANCI cells were incubated at indicated doses of JQ1 for 72 h, and then cell growth was quantified. *, P <.05
compared with vehicle by Student’s #-test. B and C. Western blot of whole cell lysates from BxPC3 and PANCI cells that were treated with
JQ1 for 24 h in vitro.
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Supplementary Figure S3: A. Representative images of primary human CAFs (hCAF20 and hCAF21) isolated from two PDAC
patients who underwent surgical resection. Scale bar represents 100 pum. B. hCAFs were treated with the indicated doses of JQ1 for 72 h
and cell viability was measured. *, P <.05 compared with vehicle (DMSO) by Student’s #-test. Note that JQ1 did not affect the cell viability
of CAFs at doses under 1 uM.



www.impactjournals.com/oncotarget/ Oncotarget, Supplementary Materials 2016

A CM-D CM-J

CCL2 IL6
4
2
o
2
Q 17
o
>
>
3 05 o T
0.25 ==
0.125
MONOONTNQOL OSSO 0 OOTITN~NLOLANORXLZ=ESO0OITEISIO OO T QX0
CARXZ 54 N8N ELLYLZiENI SR o0l S50 dsdOg LI
CT80XTg0DQ232EZZ687 0 LrZz a8 elF ooz T
& °° 3 T 93 =° BT 0d@g0 23372
% £ = = Fr
z s

Supplementary Figure S4: Cytokine arrays showing cytokine secretion in CM from DMSO- or JQ1-treated hCAF20
cells (CM-D and CM-J, respectively). A. One of three membranes is shown. B. Bars represent the fold change of intensity (log2) on
CM-]J versus CM-D. Cytokines showing decreased (red) or increased (blue) expression, with statistical significance of p values less than
0.05, are shown.
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Supplementary Figure S5: siRNA-mediated BRD4 knockdown recapitulated the effect of JQ1 on CAFs. A. Western
blotting was performed on hCAFs 96 h after siRNA-mediated knockdown of BRD4. In hCAF 20 and hCAF21 cells, BRD4 expression
is sufficiently reduced by both si_1 and si_2 siRNAs, compared with mock transfection (mock) or negative control siRNA (siNC) treated
CAFs. Notably, BRD4 knockdown also reduced a-SMA expression in hCAFs. Arrows indicate BRD4. Asterisks indicate non-specific
bands. B. Quantitative RT-PCR analysis showed that BRD4 knockdown reduced mRNA expression of genes related to activated CAFs.
Bars represent means + SEM (n = 3); *, P <.05, compared with siNC.
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Supplementary Figure S6: Related to Figure 6, ChIP data on I16 gene was shown. A. Tracks are H3K27ac ChIP-seq data from
MEF (ENCODE). Schematic representations of the mouse 116 gene and ChIP primers were shown. Localization of primers is depicted as
distances from the TSS. B. After pretreatment with DMSO (D) or JQ1 (J) for 2 h, 97f cells were stimulated with TGF-B1 (10ng/mL) for 0
or 4 h and subjected to ChIP-qPCR. Bars represent means = SEM (n = 3); *, P <.05; **, P < .01.
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Supplementary Figure S7: The combination of JQ1 and gemcitabine showed additional efficacy over gemcitabine
monotherapy. Mice bearing PDX tumors (PDX19) were treated with either gemcitabine (75mg/kg, twice a week, i.p.) plus DMSO
or gemcitabine plus JQ1 (50mg/kg, every day, i.p. for 2 wks), A. Average volumes of subcutaneous PDX tumors. *, P < .05; NS, not
significant. B. Tumor weight at the end of the treatment period. Bars represent means + SEM; *, P < .05. C and D. Representative IHC
images stained for Ki-67 (C) and cleaved caspase-3 (CC3) (D). (C) Proliferation of tumor cells was quantified as the percentage of Ki-67
positive tumor cells per 20x field (average of 5 random fields per tumor). Eight tumors per group were analyzed. *, P = 1.4 x 10, (D)
Apoptosis of tumor cells was quantified as the number of CC3 positive tumor cells per 20x field (average of 5 random fields per tumor).
Eight tumors per group were analyzed. *, P=3.1 x 107
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Supplementary Figure S8: JQ1 impairs the ability of CAFs to recruit macrophages and to modulate their function. A.
Representative immunofluorescence images of PDX tumors that were treated with vehicle or JQ1 for 2 wks. Fluorescent images showing
staining with pan-cytokeratin (CK, green) and F4/80 (red). Nuclei were stained with Hoechst (blue). Scale bars represent 100 um. B.
Migration assay of RAW264.7 cells. RAW264.7 cells were seeded onto the upper chambers. Conditioned medium (CM) from DMSO-
treated and JQ1-treated 97f mouse CAFs (CM-D and CM-J, respectively) were used as chemoattractant. The scale bar represents 100 um.

Bars represent means = SEM (n = 3); **, P < .01, compared by Student’s t-test. C. Quantitative RT-PCR of selected genes in BMDMs that
were cultured with CM for 24 h.
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SUPPLEMENTARY TABLES

Supplementary Table S1: Clinicopathological characteristics of primary pancreatic cancer specimens

Patient Diagnosis Surgical Age Sex Pathology KRAS statusin  Establishment Establishment

1D procedures codon 12 of PDX of primary CAF
PDAC19 PDAC DP 44  Male Well/Mod GAT(mt)/GGT(wt) Yes (PDX19) No
PDAC20 PDAC PD 78 Male Well/Mod GAT(mt)/GGT(wt) Yes (PDX20)  Yes (hCAF20)
PDAC21 PDAC PD 53 Male Mod not analyzed No Yes (hCAF21)
Supplementary Table S2: Lists of antibodies.

See Supplementary File 1

Supplementary Table S3: Lists of primers for qRT-PCR.

See Supplementary File 2
Supplementary Table S4: Lists of primers for ChIP-qPCR

Target Forward primer (5’ to 3°) Reverse primer (5’ to 3°)

Glil_TSS1 TTTTTCTCGCTGTTGCCACC GAACGGTCCGAAGGAAGGAT
Glil_TSS2 TATGGGGTTGGGAGAGTTTG AAAGAGACCTGGGACAGACAC
Collal_-10K GCTGGGTTGGCTCCAGTAAA GGGGTGCAAGCAACCTTTTC
Collal_-2K TTGGGGATGCTAGATTGGGAG CAGGGTAGAATGCCACGAAG
Collal_TSS GGAGTTTCTCCTCGGGACGG TACTGTCTTCTTGGCCATGCG
Collal_+0.5K GCTGCGGGATGATTCATAAGG CGTAGTGCTCTCGGCTGG

Collal_+6K TCCAGGTCCCAAGGGTAACA AGGTTCACCCTGTGTAGGGA

Il6_-4K TTGCTATCCATAGAGCCACTCCTA GCCTTACAGCCTCAGTGTTGC

l6_TSS ACCGCTATGAAGTTCCTCTCTG CAGTCTCAATAGCTCCGCCAG

16 +0.2K GCCTTCTTGGGACTGATGCT GACAGGTCTGTTGGGAGTGG

16_+0.6K GTTTTGAGTGGAGGTTGGGAAG ACAGAGAATGGCCCACTGTGAAT




