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Abstract

Small-cell lung cancer (SCLC) has the highest malignancy among all lung cancers, exhibiting
aggressive growth and early metastasis to distant sites. For 30 years, treatment options for SCLC
have been limited to chemotherapy, warranting the need for more effective treatments. Frequent
inactivation of TP53 and RB1 as well as histone dysmodifications in SCLC suggest that
transcriptional and epigenetic regulations play a major role in SCLC disease evolution. Here we
performed a synthetic lethal screen using the BET inhibitor JQ1 and an shRNA library targeting
550 epigenetic genes in treatment-refractory SCLC xenograft models and identified HDACG as a
synthetic lethal target in combination with JQ1. Combined treatment of human and mouse SCLC
cell line—derived xenograft tumors with the HDACSG inhibitor ricolinostat (ACY-1215) and JQ1
demonstrated significant inhibition of tumor growth; this effect was abolished upon depletion of
NK cells, suggesting that these innate immune lymphoid cells play a role in SCLC tumor
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treatment response. Collectively, these findings suggest a potential new treatment for recurrent

Significance: These findings identify a novel therapeutic strategy for SCLC using a combination
of HDACS6 and BET inhibitors.

Introduction

Small-cell lung cancer (SCLC) is a highly malignant neuroendocrine tumor in lung and
accounts for 15%-20% of all primary lung cancers (1, 2). SCLC is strongly associated with
cigarette smoking and displays the highest mortality among all types of lung cancer (1, 2).
The treatment of SCLC continues to be a challenge; although SCLC has a relatively good
initial response to chemotherapy and radiotherapy, relapse and disease progression are
extremely common, leading to a 5-year survival rate of less than 2% (3).

In non-SCLC (NSCLC), oncogenic driver mutations have been identified, making
molecular-targeted treatment feasible (4, 5). In contrast, SCLC is not linked to currently
targetable oncogenic mutations and, instead, is predominantly associated with inactivation of
TP53and RB1, upregulation of MYC expression, as well as abnormal histone modifications
(6-9). These findings suggest that epigenetic dysregulation may play a major role in this
cancer. Recent strategies to target SCLC by manipulating transcription have shown some
efficacy in preclinical models. For example, Christensen and colleagues reported that the
transcriptional inhibitor THZ1 inhibits SCLC by targeting super enhancers of certain
oncogenic transcriptional factors, including MYC, SOX2, and NF/B (10). Lenhart and
colleagues reported that the BET bromodomain inhibitor JQ1 inhibits SCLC by sequestering
BRDA4 to prevent docking to the ASCL1 enhancer (11). In addition, Gardner and colleagues
recently reported that cisplatin- and etoposide-resistant SCLC in PDX mice undergoes
EZH2-mediated hypermethylation on SLFN11 (12). These studies suggest that chromatin
regulators can provide manageable drug targets.

To explore the potential of epigenetic therapy in SCLC, we took advantage of the technique
of synthetic lethality, which has recently contributed to the development of cancer
therapeutics, especially for undrugable targets, such as Kras activation or LkbI deletion
mutants (13-16), and developed a synthetic lethal screening strategy specifically targeting
epigenetic genes in a SCLC xenograft model. As part of our screening strategy, we
considered proteins of the bromodomain and extra terminal (BET) family that function as
transcriptional coactivators and play roles in transcriptional elongation (17). JQ1 is a
competitive inhibitor of BET proteins that blocks them from binding to acetylated histones,
thus inhibiting gene transcription (18). Inhibition of BET proteins with JQ1 has shown
potent antiproliferation effects in hematologic tumors through suppression of c-MYC and
downstream target genes (19), in lung adenocarcinoma cells through FOSL1 and its targets
(20), as well as in SCLC (11).

To maximize the impact of BET inhibition in SCLC, we screened for novel therapeutic
targets using a synthetic lethal strategy with BET inhibitor JQ1 and an shRNA library
specifically targeting epigenetic genes in a SCLC xenograft model. Our screen identified
HDACSG, which encodes histone deacetylase 6 (HDAC6). HDACs comprise classes I, l1a,
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I1b, and IV of 18 members and HDACS belongs to class 11b (21, 22). HDACS is
phylogenetically close to class | HDACSs, but with a distinct dominant cytoplasmic
localization (23, 24), although it has been reported to repress transcriptions via association
with other transcriptional regulators (25-29). Our identification of HDAC6 and effective
suppression of SCLC with inhibitor ACY-1215 and JQL1 shine a light on a potential new
treatment for recurrent SCLC.

Materials and Methods

Cell lines and cell culture

The human SCLC NCI-H69 cell line was obtained from ATCC and the GLC-16 cell line
was from our laboratory (10). Murine SCLC RP501 and RP1328 cell lines were established
in our laboratory using lung tumor nodules of genetically engineered Rb/p53 mice, and
murine RPP41 and RPP394 cell lines were established using lung tumor nodules of Rb/p53/
p130 mice. All cell lines were authenticated by DNA fingerprinting and verified as
Mycoplasma-free using Universal Mycoplasma Detection Kit (ATCC). NCI-H69 and
GLC-16 were cultured in RPMI1640 supplemented with 10% FBS and 1% penicillin/
streptomycin. All murine RP and RPP cell lines were cultured in RPMI11640 supplemented
with 10% FBS, 1% penicillin/streptomycin, 1% insulin—transferrin—selenium (Gibco), 10
nmol/L hydrocortisone (Sigma), and 10 nmol/L pB-estradiol (Sigma). Cell cultures were
maintained at 37C in a humid atmosphere containing 5% CO, and 95% air.

Pooled shRNA/JQ1 screen and analysis

A pooled lentiviral ShRNA library was constructed at the Broad Institute in Cambridge, MA,
using a subset of The RNAIi Consortium (TCR) shRNA library targeting approximately 550
epigenetic-related genes, with an average of 5-7 shRNAs per gene. Detailed pooled ShRNA
screen and data analysis were performed as described previously (16). In brief, target cells
were infected with the pooled lentiviral ShRNA library. One aliquot of sShRNA-positive cells
was immediately saved for analysis of the initial population, and the remaining cells were
injected subcutaneously in the dorsal flank region of athymic nude mice. One day after
injection, 5 mice were treated with vehicle and another 5 mice were treated with JQZ1until
the tumor reached approximately 1cm in diameter. Genomic DNA was extracted from the
initial cell aliquot and xenograft tumors, and ShRNA abundance was quantified by deep
sequencing. The ratio of abundance of each ShRNA in vehicle-treated and JQ1-treated
versus initial ShRNA was ranked on the basis of the rank of weighted second best score
(25% weight for ranked top shRNAs + 75% weight for second-best ShRNAs; http://
www.broadinstitute.org/cancer/software/ GENE-E; ref. 30).

Mouse treatment studies

All mouse studies were conducted through Institutional Animal Care and Use Committee—
approved animal protocols. Unless otherwise stated, SCLC cells were injected into the
dorsal flank region of athymic nude mice (Charles River Laboratories) or NOD-scid
IL2Ry"II (NSG) mice (The Jackson Laboratory) at 2 x 10% human cells or 1-2 x 108 mouse
cells per implantation. Once tumors were palpable, mice were randomized into treatment

Cancer Res. Author manuscript; available in PMC 2019 April 05.


http://www.broadinstitute.org/cancer/software/
http://www.broadinstitute.org/cancer/software/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liuetal.

gRT-PCRs

Antibodies

Page 4

arms and tumor volume was assessed by caliper 1-2 times per week, depending on tumor
growth rate.

ACY-1215 was provided by Acetylon Pharmaceuticals, Inc. and JQ1 was provided by the
James Bradner laboratory at Dana Farber Cancer Institute (Boston, MA). Each drug was
prepared in the following solvents: ACY-1215, 10% DMSO and 4.5% dextrose in H,0; JQ1,
10% DMSO and 9% 2-hydroxylpropyl p-cyclodextrin in H,O; vehicle, 10% DMSO and
4.5% dextrose, or 9% 2-hydroxylpropyl p-cyclodextrin in H,O. All drugs were administered
intraperitoneally, and, when combinations were administered, we allowed a 30-minute
interval between administration of different drugs.

Both anti-asialo GM1 and control rabbit sera were diluted 1:10 in PBS and then
intraperitoneally injected at 100 UL per mouse.

Total RNA was extracted from cultured cells using TRIzol (Invitrogen). To generate cDNA,
1 mg total RNA was reverse transcribed using the ImProm-I1 RT system (Promega) as per
the manufacturer’s instructions. Real-time quantitative PCR (qRT-PCR) reactions were
performed in a final volume of 20 L, containing 10 pL of 2 x SYBR Green PCR Master
Mix (Applied Biosystems), 1 uL of 10 umol/L forward primer, 1 uL of 10 pmol/L reverse
primer, and cDNA corresponding to 45 ng RNA using StepOnePlus Real-Time PCR System
(Applied Biosystems) as instructed in the manufacturer’s protocol. All reactions were
performed in triplicate. gPCR primers were designed using Primer3 software (http://
bioinfo.ut.ee/primer3/): HDACS6 (forward/reverse) 5 -ATGCCCAGACTATCAGTGGG/
ATAGCACACTGGGGTCATCC-3'; ACTB (forward/reverse) 5-
GTCTTCCCCTCCATCGTG/TACTTCAGGG TGAGGATGCC-30. All gPCR reactions
were performed in triplicate.

In vivo use rabbit anti-mouse asialo GM1 antibody was from Wako Chemicals and rabbit
sera were from Sigma. IHC use biotinylated anti-cleaved caspase-3 antibody was from
Abcam. Flow cytometry use PerCP/Cy5.5-conjugated mAbs to CD45; PerCP/Cy5.5 or APC/
Cy7-conjugated mAbs to CD3 (17A2); AF488-conjugated mAbs to CD49b (DX5); BV421
or PE/Cy7-conjugated mAbs to CD335 (Nkp46); PE/Cy7-conjugated mAbs to CD103;
FITC-conjugated mAbs to H2; AF700-conjugated mAbs to IA/IE; AF488-conjugated anti-
human CD326 (EpCAM) antibody; PE/Cy7-conjugated anti-human HLA-A,B,C antibody;
and APC/Cy7-conjugated anti-human HLA-DR antibody were from Biolegend. Aqua live/
dead dye was from Life Technologies.

Immunostainings and flow cytometry

For immunostaining, xenograft tumors were cut into small pieces, dissociated in RPMI11640
containing 100 IU/mL collagenase type IV (Invitrogen) and 50 ug/mL DNase | (Roche) for
45 minutes at 37C, and then gently squeezed through 70-mm cell strainer to generate single-
cell suspension. Spleens were mashed in PBS/2% FBS and then filtered with 70-um cell
strainer to generate single-cell suspension. After centrifugation, cells were resuspended into
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red blood cell lysis butter (Gibco/Thermo Fisher Scientific) for 3 minutes at room
temperature and then resuspended in PBS/2% FBS. A total of 5 x 108tumor cells in 100 pL
PBS or 1 x 106 spleen cells in 50 mL PBS were stained with fluorophore-conjugated
antibodies (diluted at 1:100 for mouse cell staining or at 1:20 for human cell staining) for 20
minutes. Cells were fixed with 2% paraformaldehyde (eBioscience) for 1 hour at 4C in the
dark, washed with PBS/2% FBS, resuspended in 150 pL PBS. Cells were acquired using a
BD LSRFortessa flow cytometer and analyzed using BD FACSDiva software.

For IHC, graft tumors were fixed with 10% formalin for overnight and then stored in 70%
ethanol. Tumor samples were embedded in paraffin, sectioned at 5 mm, and then stained for
cleaved caspase 3.

Statistical analysis

Results

Statistical analyses were carried out using GraphPad Prism 7. All numerical data are
presented as mean + SEM. Grouped analysis was performed using two-way ANOVA.
Column analysis was performed using one-way ANOVA or Student t test. £< 0.05 was
considered statistically significant.

Identification of HDACG6 as a potential target for combination therapy with JQ1 in SCLC
xenograft model

Knowing that SCLC is predominantly driven by epigenetic dysregulation (6), we performed
an /in vivo synthetic lethal screen using a pooled shRNA library targeting approximately
550human epigenetic genes (Supplementary Table S1) in the presence or absence of BET
inhibitor JQ1 to identify novel therapeutic targets (Fig. 1A). To set up /n vivo screening
conditions, eight individual SCLC cell lines with similar genetic characteristics but varying
treatment histories (Supplementary Table S2) were examined for their ability to form
xenograft tumors and sensitivity of the resulting tumors to JQ1 in athymic nude mice.
Among the cell lines tested, most “prior treatment” SCLC cell lines, including NCI-H69,
NCI-H82, GLC-16, and GLC-19, formed xenograft tumors, but with variable sensitivities to
JQ1, from moderately resistant (GLC-16) to moderately sensitive (GLC-19 and NCIH69;
Supplementary Fig. S1). To identify combination strategies independent of JQ1 sensitivity,
we chose two cell lines, JQ1-resistent GLC-16 and JQ1-sensitive NCI-H69, for screening
use.

There were 13 merged hits in the top 10% of ranked genes from NCI-H69 and GLC-16
xenograft tumors (Supplementary Fig. S2A and S2B; Supplementary Table S3). We selected
HDACS, PAX5, STAGI, and YEATS4 for gene-specific validation for their shRNA ranking
being greatly enhanced by JQ1 (Supplementary Fig. S2C). We used two shRNAs per hit
(Supplementary Fig. S3A) to validate the synergistic lethal interaction of sShRNA and JQ1 /n
vivo. Our data confirmed that JQ1 synergized with individual ShRNAs of HDAC6 and
YEATS4, but of STAG1 and PAX5 (Fig. 1B and C; Supplementary Fig. S3B and
S3C).Therefore, HDAC6 andYEATS4 were validated hits of the screen.
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Combination therapy with HDACSG6 inhibitor ACY-1215 and JQ1 synergistically suppresses
SCLC growth in preclinical mouse models

Although our shRNA library covered all members of the HDAC family, only HDAC6
knockdown resulted in enhanced sensitivity to JQ1 (Supplementary Fig. S4A). Next, we
performed a pilot treatment study in athymic nude mice carrying NCI-H69 xenograft tumors
using JQ1 in combination with the HDACS inhibitors ACY-1215, ACY-1083, or tubastatin.
Although these HDACS6 inhibitors have different selectivities for HDAC6 over class |
HDACS, varying from 12- to 15-fold (ACY-1215) to 300- to 1,000-fold (ACY-1083 and
tubastatin; Supplementary Fig. S4B), they displayed similar inhibitory effects on NCI-H69
tumor growth when cotreated with JQ1 (Supplementary Fig. S4C), indicating that the
different selectivities of HDACG inhibitors do not affect their combined inhibitory effect
with JQ1 on SCLC. Because the synthetic lethal effect is independent of the selectivity of
HDACS inhibitors, we chose ACY-1215 in subsequent treatment studies as it is currently
being tested in multiple clinical trials (31).

We next evaluated the treatment efficacy of ACY-1215/JQ1 on multiple human/mouse SCLC
cell line—derived xenograft/allograft tumors. Consistent with the above sShHDAC6EJQ1
results, the ACY-1215/JQ1 combinational treatment significantly suppressed growth of two
human SCLC xenograft tumors (Fig. 2A), one of two Rb/p53 mouse SCLC allograft tumors
(Fig. 2B), and two Rb/p53/p130 mouse SCLC allograft tumors (Fig. 2C). ACY-1215 or JQ1
treatment alone demonstrated either no or moderate suppression of tumor growth relative to
vehicle-treated controls (Fig. 2A-C).

NK cells mediate ACY-1215/JQ1’s synergistic inhibitory effects on SCLC xenograft tumor

growth

To investigate the mechanism underlying ACY-1215/JQ1 suppression of SCLC, we
performed RNA-seq and proteomics analyses. Gene expression clustering pattern analysis
revealed that JQ1 had a strong effect while ACY-1215 had limited impact on transcription as
compared with the vehicle control (Supplementary Fig. S5A). Next, we sorted out the gene
lists of synergistic up-/downregulation upon ACY-1215/JQ1 treatment (Supplementary Fig.
S5B), followed by gene ontology (GO) analysis of the enriched genes using GOrilla
software. All these analyses only revealed one relative significant pathway (GO: 0045670
with a false discovery rate g value of 0.102) associated with upregulation of osteoclast
differentiation (Supplementary Table S4), which has been linked to positive regulation of
myeloid leukocyte differentiation (32).

Proteomic analysis of human proteins identified mostly cytoskeletal proteins. After
expanding the analysis to include mouse proteins coexisting with xenograft tumors, we
identified a group of proteins, including granzymes, functionally involved in innate immune
responses (Supplementary Table S5). To investigate whether the residual immunity in
athymic nude mice mediated ACY-1215/JQ1 effect, we first utilized NSG mice as these
mice lack NK cells compared with athymic nude mice (33, 34). Indeed, there was almost no
difference in human and mouse SCLC xenograft/allograft tumor growth comparing mice
treated with ACY-1215/JQ1 and vehicle (Fig. 3A; Supplementary Fig. S6), suggesting that
NK cells in athymic nude mice may be involved in the suppression of tumor growth. Next,
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athymic nude mice carrying GLC-16 xenograft tumors were treated with ACY-1215/JQ1
plus a-asialo GM1(ASGML1) to deplete NK cells (35, 36) or rabbit sera (Sera) for IgG
control (Fig. 3B). Consistent with the findings in NSG mice, ACY-1215/JQ1/a-ASGM1
treatment only moderately suppressed tumor growth, whereas ACY-1215/JQ1/Sera treatment
significantly suppressed GLC-16 xenograft tumor growth (Fig. 3C). Depletion of NK cells
after a-ASGM1 administration was confirmed by flow cytometry (Supplementary Fig. STA
and S7B). Finally, GLC-16 cells were cocultured with purified NK cells of nude mice in the
presence of ACY-1215/JQ1. The results of this study showed that NK-cell population
negatively correlated with cell viability (Supplementary Fig. S8A). However, without
ACY-1215/JQ1, a positive correlation was observed (Supplementary Fig. S8B). Collectively,
these results confirmed that NK cells in athymic nude mice mediate ACY-1215/JQ1
antitumor effect.

To evaluate the apoptotic status upon the treatment, nude and NSG xenograft tumors were
IHC stained for cleaved caspase 3. In agreement, ACY-1215/JQ1/Sera treatment in nude
tumors significantly increased the numbers of cleaved caspase 3—positive cells as compared
with vehicle treatment (Fig. 3D), whereas the nude tumors treated with ACY-1215/JQ1/a-
ASGML1 or NSG tumors treated with ACY-1215/JQ1 displayed similar numbers on cleaved
caspase 3—positive cells as their vehicle control (Fig. 3D). Collectively, these data confirmed
the role of NK cells in mediating ACY-1215/JQ1 antitumor effect

ACY-1215/JQ1 combination therapy increases MHC Il expression in both SCLC xenograft
tumor cells and tumor-resident myeloid cells

To determine the potential interaction between tumor cells and tumor-resident NK cells,
GLC-16 xenograft tumors from nude mice pretreated with vehicle, ACY-1215 and/or JQ1
plus a-ASGML, or Sera for 7 days were processed into single-cell suspensions and then
immunostained for PD-L1, MHCs, and NK-cell-activating ligands (MICA/MICB and B7-
H6) on GLC-16 cells, and NK-cell-activating receptors (NKp46 and NKG2D) on tumor-
resident NK cells. Flow cytometry analysis of NK-related markers on both tumor and tumor-
resident NK cells did not bring useful information for either none or low signals. Instead, we
observed moderately increased HLA-DR expression on tumor cells upon ACY-1215/JQ1/
Sera but not ACY-1215/JQ1/a-ASGML1 treatment (Fig. 4A; Supplementary Fig. S9A),
suggesting the upregulation of MHC 11 on tumor cells relies on NK cells. We further
examined the expression of MHC II in the tumor-resident myeloid cells and observed a
similar NK-cell-relied moderately increased IA/IE expression (Fig. 4B; Supplementary Fig.
S9B). Depletions of NK cells in spleen and xenograft tumors were confirmed
(Supplementary Fig. S9C and S9D).

Discussion

Over the past three decades, standard chemotherapy in combination with radiotherapy has
been the typical treatment option for SCLC (37-39). SCLC patients respond well to initial
therapy; however, most patients eventually die of recurrent disease (40). Therefore, new
treatment strategies, especially for recurrent SCLC, are urgently needed.
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Among all HDAGs being covered in the library, HDAC6 was the only hit showing synthetic
lethal interaction with JQ1 in our shRNA/JQ1 /n vivo screen. We also performed
shRNAJQL in vitro screen by culturing the sh/RNA-library infected NCI-H69 and GLC-16
cells in the presence or absence of JQ1 (Supplementary Fig. S10A). Unlike the /n vivo
results, HDACE6 in vitro neither ranked in the top 10% hits nor was synthetic lethal
interaction with JQ1 (Supplementary Fig. S10B). The effective suppression of SCLC with
shHDACE (or ACY-1215)/JQ1 in athymic nude mice but not in cell culture or in NSG mice
would suggest that the remaining immune responses in nude mice likely mediate ACY-1215/
JQ1’s suppressive effect.

In this study, we demonstrated that NK cells mediated ACY-1215/JQ1’s antitumor effect. In
addition, NK cells also mediated ACY-1215/JQ1’s treatment to upregulate MHC |1
expression on both tumor cells and tumor-infiltrating myeloid cells. The presence of MHC 1I
molecules in tumor cells has been associated with a favorable prognosis in triple-negative
breast cancer and colon cancer (41-43). Therefore, our finding fits the notion. The elevated
expression of MHC 11 would suggest a potential involvement of antigen-specific helper T-
lymphocyte receptors. In a recent treatment study of mouse SCLC allograft tumors in
immunocompetence mice with ACY-1215/JQ1 plus depleting NK, CD4, or CD8 T cells, the
preliminary results of this study showed that depleting either NK or CD4 T cells blocked
ACY-1215/JQ1’s antitumor effect to a similar extent. Further studies will focus on how NK
cells sense ACY-1215/JQ1 treatment and then deliver stimulating signals to downstream
effectors.

Consistent with the reported cytotoxic effects, ACY-1215/JQ1 killed SCLC cells in cell
culture (44, 45). Even if our /n vivo study suggested that ACY-1215/JQ1 provoked NK-cell-
mediated immunity, we cannot rule out the possibility that tumor debris from the cytotoxic
effect of ACY-1215/JQ1 may serve as a primary immunogenic antigen. Of note, ACY-1215
is currently being tested in several clinical studies for the treatment of multiple myeloma and
lymphoma, while the use of JQ1 in clinical studies is limited because of its toxicity.
Combining ACY-1215 and JQ1 enables us to use a lower dose of JQ1 in the current
treatments of SCLC and previous NSCLC (46). It is likely that optimized doses of
ACY-1215 and/or JQ1 in combination with different methods of drug administration to mice
can achieve similar or better treatment results in mice with reduced toxicity, and these
findings can be translated to SCLC patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Identification of HDACS as a potential target for combination therapy with the BET

bromodomain inhibitor JQ1 in SCLC. A, Schematic overview of the pooled ShRNA/JQ1
screen. 1, Target cells are infected with a pooled lentiviral ShRNA library targeting
approximately 550 human epigenetic genes and shRNA-positive cells are selected with
puromycin. 2, One aliquot of the infected cells was immediately frozen for analysis of the
initial population. 3, Another aliquot of the cells was subcutaneously injected into the right
flank of athymic nude mice. Mice were then treated daily with vehicle or JQ1 at 25 mg/kg
until xenograft tumors reached a size of approximately 1 cm in diameter. 4, Xenograft
tumors were collected and genomic DNA was extracted from tumors, lentiviral ShRNA
cassettes were PCR-amplified, and individual sShRNA abundance was quantified by deep
sequencing. B, Confirmation of shHDAC6/AQ1 synthetic lethal interaction in SCLC
xenograft tumors. SCLC NCI-H69 and GLC-16 cells were infected with lentiviral-
shHDAC6-1, shHDAC6-2, or shGFPand selected with puromycin for 2 days. Cells were
collected, confirmed for HDAC6 knocking down by gRT-PCR (graph on right), and then
subcutaneously implanted into athymic nude mice. Mice were treated with vehicle or JQ1
until xenograft tumors in the control group reached approximately 1 cm in diameter. C,
Quantification of tumor volume in B. Error bars, SD. ns, not significant (*, £< 0.05).
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In vivo efficacy of HDCAG inhibitor ACY-1215 and JQ1 combination treatment. Athymic
nude mice carrying SCLC NCI-H69 or GLC-16 xenograft tumors (A), mouse SCLC Rb/p53
RB501 or RB1328 allograft tumors (B), and mouse SCLC Rb/p53/p130 RPP41 or RPP394
allograft tumors (C) were treated with vehicle, JQ1 (25 mg/kg daily), ACY-1215 (50 mg/kg
daily), or both drugs in combination. Tumor volume (mm3) was calculated as (length x
width?)/2. Data represent mean + SD for 5-7 mice (", £< 0.001).
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Figure 3.
NK cells mediate ACY-1215/JQ1’s synergistic inhibitory effect. A, NSG mice carrying

human SCLC NCI-H69 xenograft tumors or mouse SCLC RPP349 or RB1328 allograft
tumors were treated with vehicle or ACY-1215/JQ1. Tumor volume (mm3) was calculated as
(length x width?)/2. Data represent mean + SD for 5-7 mice. B, Schematic overview of
antibody-mediated NK-cell depletion before and during ACY-1215/JQ1 treatment in
athymic nude mice. C, Tumor volumes from athymic nude mice carrying GLC-16 xenograft
tumors treated with vehicle, ACY-1215 (ACY)/JQ1l/a-asialo GM1 (ASGM1), or ACY-1215
(ACY)/JQ1L/rabbit sera (Sera), as indicated, for 14 days. Data represent mean + SD for 5
mice (**, < 0.005). D, GLC-16 xenograft tumors of NSG (A) and nude (C) mice were
submitted for IHC staining of cleaved caspase-3 on FFPE slides. Each column in the bar
graph of cleaved caspase-3 represents mean + SD for 50 images per treatment group. ns, not
significant ™", £ <0.0001). Representative images of cleaved caspase-3 IHC stain per
treatment group are shown. Scale bar, 500 um.
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NK cells mediate ACY-1215/JQ1’s synergistic upregulation of MHC class Il molecules.
GLC-16 xenograft nude tumors pretreated for 7 days with ACY-1215 (ACY) and/or JQ1
plus a-asialo GM1 (ASGML1) or rabbit sera (Sera), as indicated, were submitted for flow
cytometry analysis. A, Percentage of HLA-DR subset in CD45-negative SCLC single-cell
population of GLC-16 xenograft tumors. B, Percentage of IA-IE subset in tumor-infiltrating

myeloid cells of GLC-16 xenograft tumors.
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