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Th17 responses are critical to a variety of human autoimmune
diseases, and therapeutic targeting with monoclonal antibodies
against IL-17 and IL-23 has shown considerable promise. Here, we
report data to support selective bromodomain blockade of the
transcriptional coactivators CBP (CREB binding protein) and p300 as
an alternative approach to inhibit human Th17 responses. We show
that CBP30 has marked molecular specificity for the bromodomains
of CBP and p300, compared with 43 other bromodomains. In un-
biased cellular testing on a diverse panel of cultured primary human
cells, CBP30 reduced immune cell production of IL-17A and other
proinflammatory cytokines. CBP30 also inhibited IL-17A secretion
by Th17 cells from healthy donors and patients with ankylosing
spondylitis and psoriatic arthritis. Transcriptional profiling of human
T cells after CBP30 treatment showed a much more restricted effect
on gene expression than that observed with the pan-BET (bromo
and extraterminal domain protein family) bromodomain inhibitor
JQ1. This selective targeting of the CBP/p300 bromodomain by
CBP30 will potentially lead to fewer side effects than with the
broadly acting epigenetic inhibitors currently in clinical trials.
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Bromodomain recognition of acetylated lysines in histones
plays a key role in the epigenetic control of gene expression

(1). Therapeutic targeting of bromodomains has recently been
recognized as an important potential therapeutic modality in
human malignant and inflammatory diseases (2–4).
The transcriptional coactivators CBP [also known as cAMP

responsive element binding protein (CREB) binding protein]
and the closely related p300 possess such a bromodomain (5).
Strategies targeting catalytic histone acetyl transferase (HAT)
activity (6), the N-terminal domain (7), or the KIX (kinase-
inducible domain interacting) domain (8) have had variable
efficacy. By contrast, most bromodomain acetyl-lysine binding
sites have good predicted druggability (9), confirmed experi-
mentally by the recent development of potent and selective
inhibitors targeting the bromo and extraterminal domain (BET)
family (10–13). The promising effects of BET inhibitors ob-
served in cancer cell lines have stimulated the rapid opti-
mization of these tool molecules to yield clinical candidate
drugs (2). A number of weak inhibitors, such as ischemin (KD =
25 μM), have been reported to target the CBP/p300 bromo-
domain (14). The synthesis and binding modes of more potent
CBP and BET/CBP inhibitors have been reported in the last
year (15, 16). The most potent of these inhibitors, CBP30, has
recently been shown to bind with low nanomolar affinity to the
bromodomains of CBP/p300 (15). However, this initial study
did not examine the broader specificity of CBP30 for other
bromodomain targets or look at the ability of CBP30 to inhibit
physiological cellular processes.

BET bromodomain inhibitors exhibit antiinflammatory activity by
inhibiting expression of inflammatory genes (11). The pan-BET in-
hibitor JQ1 ameliorated collagen-induced arthritis and experimental
autoimmune encephalomyelitis (17), both mouse models of hu-
man inflammatory disease with major Th17 components. Th17
cells, a subset of T helper cells producing IL-17A, IL-17F, IL-21,
IL-22, and GM-CSF, have been identified as central effectors of
several autoimmune diseases, including ankylosing spondylitis
(AS), psoriasis and psoriatic arthritis (PSA), rheumatoid arthritis,
Crohn’s disease, and multiple sclerosis (18–20). AS is a common
chronic inflammatory disease affecting ∼0.2–0.5% of adults in the
United States. AS is characterized by inflammation of the sacro-
iliac and spinal joints leading to bony fusion (ankylosis), pain, and
disability. Treatment options have until recently been limited
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to nonsteroidal antiinflammatory agents and anti-TNF biologic
agents (21). An anti–IL-17A antibody, secukinumab, proved effi-
cacious in AS, further supporting the importance of Th17 cells in
AS (22). This finding has intensified the search for new drug
targets modulating cytokine production of Th17 cells. Cytokine-
driven induction of the transcriptional Th17 profile is strongly
mediated by epigenetic mechanisms (23), one facilitator being the
transcriptional coactivator p300. Recent studies demonstrated that
p300 binds to the Il 17a promoter in murine Th17 cells and facili-
tates chromatin accessibility (24).
Here, we show the potent and selective nature of inhibition of the

CBP/p300 bromodomains by CBP30. We demonstrate that CBP30
inhibits IL-17A production in primary human cells and Th17 re-
sponses from patients with AS and PSA. The effect of this inhibitor
is far more selective than that observed for the pan-BET bromo-
domain inhibitor JQ1. Our data identify a previously unidentified
strategy targeting the CBP/p300 bromodomain in human inflam-
matory diseases with major Th17 contribution such as AS.

Results
CBP30 Preferentially Binds to the CBP/p300 Bromodomain. Synthetic
variation on the 5-isoxazolyl-benzimidazole series of bromodo-
main inhibitors led to the development of CBP30 (Fig. 1A). Initial
screening against 10 bromodomains suggested selectivity for CBP/
p300 bromodomains (15). Here, we evaluated the selectivity of
this inhibitor using temperature shift assays against a total of 45
bromodomains (Fig. 1B and Table S1), revealing only BET family
bromodomains as additional targets. Notably, CBP30 did not re-
sult in significant ΔTm shifts for the testis-specific isoform BRDT
(bromodomain testis-specific protein) whereas the rest of the
BET family [first and second bromodomains of (bromodomain-
containing protein) BRD2, BRD3, and BRD4] showed ΔTm shifts
between 0.9 and 2.0 °C, suggesting low μM dissociation constants.
We used isothermal titration calorimetry (ITC) to determine the
dissociation constants (KDs) in solution for the bromodomains of
CBP/p300 and other BET family members. ITC data revealed KDs
of 26 nM and 32 nM for CBP and p300, respectively (Fig. 1C), in
good agreement with affinity data already reported (15). Within
the BET family, the first bromodomain of BRD4 [BRD4(1)]

bound with highest affinity (KD of 885 nM), thus with 34-fold
reduced selectivity compared with CBP (Table S2).

Molecular Details of the Interaction of CBP30 with p300, BRD4, and
BRD2.To understand the structural mechanisms for the selectivity
of CBP30 for specific BET family members, we determined the
cocrystal structure of CBP30 with the p300, BRD4(1), and
BRD2(2) bromodomains. Crystals of the CBP30/p300 complex
diffracted to 1.05 Å resolution (Table S3). As observed in the
CBP bromodomain cocrystal structure (PDB ID code 4nr7), the
CBP isoxazole oxygen acted as an acetyl-lysine mimetic moiety
forming hydrogen bonds to the conserved asparagine (N1132)
and a water-mediated interaction with the hydroxyl group of
Y1089 of p300 (Fig. 2A). However, and in contrast to the CBP
complex, we did not observe an induced fit binding mode of R1137,
which has been reported to flip into the acetyl-lysine binding side
forming a cation-π interaction. The reason for this difference in
ligand coordination is due to the presence of a neighboring tyrosine
residue (Y1141) that engages into a hydrogen bond interaction
with R1137. In the CBP bromodomain, this position is occupied by
a phenylalanine, allowing the arginine to stack with the aromatic
decoration of the inhibitor. This induced fit has also been observed
for other CBP bromodomain inhibitors (16). In the p300/CBP30
complex, the benzimidazole ring system was shifted, resulting in ro-
tation of the morpholine moiety and the 3-chloro-4-methoxyphenol
ring system (Fig. 2B). Additional comparison of CBP30 binding to
p300 with BRD4(1) and BRD2(2) is shown in Fig. S1.

Kinetics of CBP30 Binding to CBP/p300. Bio-layer interference (BLI)
showed similar rapid dissociation rates of CBP30 with p300 and
CBP (Fig. 3 A and B). KD values calculated from the steady-state
dose–response curves were 38 ± 4.7 nM and 47 ± 2.1 nM for CBP
and p300, respectively, in good agreement with ITC data. Analysis
of ligand-binding kinetics showed both fast and comparable disso-
ciation on and off rates (CBP, kon, 3.21 ± 0.28 × 105 M−1·s−1 and
kdis, 1.42 ± 0.04 × 10−2 s−1; and p300, kon 1.43 ± 0.19 × 105 M-1·s−1

and kdis, 9.05 ± 0.22 × 10−3 s−1). Thus, the induced fit binding mode
observed in CBP bromodomain complexes does not contribute to
slow binding kinetics of CBP30.
We used the fluorescent recovery after photobleaching (FRAP)

assay to measure the displacement of the CBP bromodomain from
chromatin in the presence of CBP30 (25). A GFP-labeled con-
struct containing three CBP bromodomains flanked by a nuclear
localization signal (NLS) showed significantly reduced recovery
half-life in the presence of CBP30 (Fig. 3 C and D), comparable
with the inactivating bromodomain mutant N1132F. By contrast,
BRD4 recovery rates were only modestly affected, compared with

Fig. 1. CBP30 is a selective and potent inhibitor of CBP/p300. (A) Chemical
structure of CBP30. (B) Temperature shift data covering 45 human bromodo-
mains. Screened targets are highlighted in black and targets that have not been
screened in gray. Temperature shifts are represented by spheres. The gene name
CREBBP corresponds to CBP protein, and EP300 to the protein p300. (C) Iso-
thermal titration calorimetry data measuring the binding of CBP30 to BRD4
(blue), CBP (red), and p300 (black). (Upper) Raw injection heats for BRD4(1) and
p300. (Lower) Normalized binding heats [BRD4(1), CBP, p300]. Nonlinear least
squares fits to a single binding site model are shown as solid lines.

Fig. 2. Comparison of CBP30 binding to the p300 and CBP bromodomains.
(A) Binding of CBP30 to p300. The inhibitor and most important interacting side
chains are shown in ball and stick representation. Conserved water molecules are
highlighted as red spheres and are labeledwith “w.”Hydrogen bonds are shown
as dotted lines. (B) Comparison of the CBP30 binding modes in the CBP and p300
bromodomain complex (15). The side chain of R1173 in CBP is shown in surface
representation and is indicated by an arrow.
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the inactivating mutant N140F. CBP30 also inhibited binding of
p300 and of acetylated histone H3K56 (a known CBP/p300 mark)
to the IL 17A gene locus in chromatin immunoprecipitation ex-
periments (Fig. 3 E and F).

Antiinflammatory Activity of CBP30 on Primary Human Cells. The
biological activity of CBP30 was explored using a panel of 12
stimulated primary human cell types (BioMAP) (26, 27). This
analysis revealed broad antiinflammatory activity but no pro-
nounced cytotoxicity at concentrations up to 10 μM. Potential
immunomodulatory effects observed included down-regulation of
the cytokines IL-17, TNFα, IL-8, IL-2, IL-6, IL-1α, and IL-10,
vascular cell adhesion protein 1 (VCAM-1), and cytokine monocyte
chemotactic protein 1 (MCP1) (Fig. 4A and Fig. S3). In addition,
inhibition of matrix metalloproteinases MMP-1 and MMP-9 and
of tissue plasminogen activator (tPA) suggested potential mod-
ulation of matrix/tissue remodeling by CBP30. The BioMAP
profile showed overlap with BET inhibitor profiles at high in-
hibitor concentrations (3.3 and 10 μM). This overlap may be due
to weak BET activity of CBP30 or to coregulation of similar
signaling molecules by CBP/p300 and BET (Fig. 4B and Figs. S3
and S4). Nevertheless, a distinct phenotype was detected at lower
concentrations, suggesting that CBP30 does not affect BET
function in cells at these concentrations (Fig. S4).

CBP30 Inhibits Th17 Cytokine Production from Patient and Control
T Cells. We measured cytokine secretion (ELISA) by purified
CD4+ T cells from AS and PSA patients and healthy controls
(HCs) cultured for 3 d under Th17-promoting conditions. An initial
dose–response experiment showed that 2 μM CBP30 inhibited IL-
17A production by AS CD4 T cells by 77% (Fig. 5A). This con-
centration did not affect cell viability or proliferation (Fig. S5). JQ1
inhibited IL-17A secretion at lower concentrations but also showed
evidence of toxicity at concentrations above 100 nM (Fig. S5). In
subsequent experiments, JQ1 was used at 150 nM [the concentra-
tion used by Mele et al. (17)] and CBP30 at 2 μM. CBP30 on av-
erage reduced the secretion of IL-17A by 66.3% in cells from
patients with AS and PSA and from HCs (Fig. 5B).
We next studied the additional Th17-associated cytokines IL-17F,

GM-CSF, and IL-22. CBP30 (2 μM) caused only 14.6% inhibition
of IL-17F production whereas 150 nM JQ1 reduced IL-17F by up to
85% (Fig. 5A). These results were confirmed for AS and PSA pa-
tients and for HCs (Fig. 5B). Secretion of the Th17-associated
proinflammatory cytokine GM-CSF was significantly lowered by
both CBP30 and JQ1, in both AS and PSA patients (Fig. 5C). IL-22
was not significantly inhibited (Fig. 5D). To determine the speci-
ficity for Th17 cells, we analyzed supernatants by ELISA for IFNγ, a
key cytokine produced by Th1 cells. CBP30 had less effect than JQ1

Fig. 3. CBP30 binding kinetics and nuclear target engagement. Sensograms
monitoring the kinetics of CBP30 association and dissociation with p300 (A) and
with CBP (B) using BLI (bio-layer interferometry). (C) FRAP using 3× CBP BRD.
Shown are nuclei of transfected cells. The bleached area is indicated by a red
circle before (Pre), at bleaching (time = 0), and post-bleaching as indicated.
(D) Averaged recovery half-life (n= 10) of DMSO, DMSO/SAHA (2.5 μM), and CBP30
(1 μM)/SAHA (2.5 μM) treated 3× CBP BRD or BRD4-transfected cells. Raw data
traces of the fluorescent recovery are shown in Fig. S2. The pan-HDAC inhibitor
SAHA was used to increase global acetylation (25). One-way ANOVA, ****P <
0.0001. CBP30 reduces p300 (E) and H3K56Ac (F) binding to the IL 17A gene
locus. ChIP-q-PCR assessed in three different regions (regions 1–3) of the IL 17A
and in one region of the IL 17F locus in Th17 cells treated with 2 μM CBP30 or
DMSO for 24 h. Relative enrichment is expressed as mean ± SEM of four (E) and
three (F) independent experiments (Student’s t test); *P < 0.05.

Fig. 4. BioMAP profile of CBP30 on primary hematopoietic cells. (A) CBP30
profile at 0.37–10 μM. Monitored marker proteins are shown on the x axis,
and relevant proteins have been highlighted. Historic variations of DMSO-
treated cells are indicated by the gray shaded area, and antiproliferative
effects by gray arrows. A full BioMAP including other cell types is shown in
Fig. S3. Studied cell systems were as follows: peripheral blood mononuclear
cells plus venular endothelial cells stimulated with LPS or SEB (SAg); B cells
plus peripheral blood mononuclear cells (BT); macrophages plus venular
endothelial cells (IMphg). (B) Gleason correlation (>0.85) comparing the
phenotypic response (Biomap profiles across all primary tissues) of CBP30
(purple circles) with the pan-BET inhibitors (JQ1 in green, I-BET in yellow, PFI-1
in blue, and I-BET151 in red). Concentrations from 0.1 to 10 μM are indicated
by the size of the circles.
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on IFNγ or IL-10 secretion (Fig. 5 E and F) and did not affect TNF
α secretion (Fig. 5G). Both CBP30 and JQ1 inhibited IL-17A
production by synovial fluid CD4+ T cells obtained from inflamed
joints of two AS and two PSA patients (Fig. 5H). These data show
that CBP30 has a more specific inhibitory effect on Th17 cytokines
than JQ1.

CBP30 Has Narrower Effects on CD4 T-Cell Gene Expression than JQ1.
Because the observed effects of CBP30 and JQ1 on Th17-type
responses lie most likely in altered transcriptional activity, we
compared gene expression of unstimulated HC CD4+ T cells with
cells cultured for 4 d in the presence of CBP30, JQ1, or DMSO.
Although Th17-promoting conditions were used, because the
starting percentages of Th17 cells were extremely low, Th17 cells
made up <5% of the final lymphocyte population. During this
period of stimulation, 2,087 transcripts representing 1,634 genes
were significantly regulated (Fig. 6A). Fewer genes were uniquely
up- or down-regulated by CBP30 than by JQ1 (42 and 18 by
CBP30, respectively, vs. 125 and 120 by JQ1). Genes that were
specifically up-regulated by JQ1 included genes of the histone
clusters 1, 2, and 3, as well as MIR155HG and CCL17 (Fig. 6
B–D). By contrast, CBP30 had a far more limited effect on gene
expression (Fig. 6 B–D).
We further compared Th17-associated transcript expression

by q-PCR in CD4+ T cells from three additional HCs and three

AS patient samples cultured under Th17-favorable conditions.
Both CBP30 and JQ1 significantly reduced IL 17A and IL 21
transcript levels in HC and AS patients (Fig. 6E). By contrast IL
17F transcripts were only significantly inhibited by JQ1 in AS pa-
tient samples. IL 22 transcript levels were significantly reduced by
CBP30 in HC and AS patients and by JQ1 in AS patients. CSF2
levels were not significantly altered by either inhibitor. The ex-
pression of the Th17 lineage-stabilizing IL-23 Receptor (IL 23R)
was significantly down-regulated by both inhibitors in HC CD4+

T cells. Transcription of the Th17 master regulator RORC was re-
duced by JQ1 in HC and AS patients, and by CBP30 in AS CD4+

T cells. Expression of TBX21, a Th1-associated transcription factor,
was reduced significantly only in HC CD4+ T cells, and the Th1
cytokine IFNG was inhibited only by JQ1. IL 10 transcript expres-
sion was significantly reduced only in HC CD4+ T cells. Thus,
CBP30 has relative selectivity for Th17-associated genes whereas
JQ1 has widespread effects on many gene families.

Discussion
In this work, we show that CBP30 is a highly selective inhibitor of
the bromodomains of the transcriptional coactivators CBP and

Fig. 5. CBP30 inhibits Th17 cytokine production by patient and control CD4
T cells. (A) IL-17A and F production from CD4+ T cells from one AS patient
cultured under Th17-promoting conditions in the presence of DMSO, CBP30,
or JQ1 at concentrations from 1 nM to 10 μM. ELISA of supernatant on day
three. Mean ± SD of triplicates of one representative experiment (n = 4).
(B) IL-17A and F production from total CD4+ T cells from 11 AS patients, 6
PSA patients, and 5 HCs cultured as in A in the presence of 2 μM CBP30 or 150
nM JQ1. Day 3 ELISA. Mean ± SEM, each triplicates. (C) GM-CSF and (D) IL-22
(LUMINEX) levels from AS patients, PSA patients, and HCs after inhibition
with 2 μM CBP30 or 150 nM JQ1. Mean ± SD, n = 4–11. (E) IFNγ ELISA, mean ±
SEM, (F ) IL-10, and (G) TNFα (LUMINEX), mean ± SD, n = 4–11. (H) ELISA for
IL-17A in the supernatant of CD4+ T cells from synovial fluid of patients with
AS and PSA cultured as in A in the presence of 2 μM CBP30 and 150 nM JQ1.
Data represent one of two independent experiments in triplicate, mean ±
SEM. Patient demographics shown in Table S4. Wilcoxon matched-pairs
signed rank test (*P < 0.05; **P < 0.01; ***P < 0.001; no asterisk, P > 0.05).

Fig. 6. CBP30 has more specific effects on CD4 T-cell gene expression than
JQ1. (A–D) Total CD4+ T cells from three healthy controls were cultured
under Th17-promoting conditions in the presence of DMSO, 2 μM CBP30, or
150 nM JQ1 for 4 d before total RNA isolation. (A) Venn diagram showing
number of genes significantly up- or down-regulated greater than twofold
(ANOVA < 0.05 analyzed for whole genome expression with Illumina
beadchip array HT12v4.1). Pathway analysis shown in Dataset S1. (B) Hier-
archical clustering heat map of selected genes showing differential regula-
tion by CBP30 and JQ1 [genes up- or down-regulated by >1 log(2) ratio and
difference >0.75 log(2) ratio between DMSO, CBP30, and JQ1]. Data from
three donors are shown for each experiment. (C) Line diagram displaying
up-regulation of the histone cluster genes by JQ1 but not by CBP30. (D)
q-PCR on selected genes from the microarray that are differentially regulated
between CBP30 and JQ1; mean ± SEM, n = 2–3, triplicates. (E) Total CD4+ T
cells from four HC and three AS patients were treated as in A, and q-PCR on
selected genes was performed; mean ± SEM, n = 3–4, triplicates. Paired t test
(*P < 0.05, **P < 0.01, ***P < 0.001).
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p300. The ability of CBP30 to inhibit IL-17A secretion was identi-
fied using an unbiased screen of primary human cells (BioMAP).
We further present preclinical efficacy in inhibiting Th17 immune
responses from blood and joints of patients with two Th17-driven
inflammatory diseases, ankylosing spondylitis and psoriatic arthritis.
The development of epigenetic inhibitors is showing real promise in
treating human disease. However, drug specificity is a key issue,
with the need to avoid both predictable and unexpected off-target
effects. We and others have previously described bromodomain
inhibitors with broad specificity. For example, JQ1 has shown effi-
cacy in treating both murine Th17-mediated disease and cancers in
mouse models and in vitro studies (10, 17, 28). Nineteen clinical
trials with BET inhibitors in oncology are underway. Nevertheless,
JQ1 has very broad activity (for example, inhibiting testicular
BRDT to cause testicular atrophy and reversible infertility) (29) and
would not be an acceptable therapy for noncancerous diseases. Our
data show that CBP30 has a far narrower specificity, both at the
molecular and cellular level. We performed a detailed screen of 45
human bromodomains, greatly extending the work of Hay et al.
(15), showing greater than 30-fold selectivity of CBP30 for CBP and
p300 compared with other bromodomains. Of note, no binding to
BRDT was detectable, and CBP30 showed only weak activity for
the second bromodomains of BET proteins, a feature that may
additionally contribute to its cytokine inhibitory specificity.
We show here the ability of CBP30 to profoundly inhibit se-

cretion of the proinflammatory cytokine IL-17A by human T
helper cells from healthy individuals and patients with AS and
PSA. AS and PSA are common human inflammatory arthritides,
both termed “seronegative,” with a combined prevalence of ap-
proximately 1% (30, 31). Both have a major IL-17–driven com-
ponent, evidenced by multiple genetic, immunological, and
therapeutic studies (20, 22, 32, 33). Indeed, and unlike rheumatoid
arthritis, clinical studies targeting the IL-17/-23 axis with mono-
clonal antibodies in both AS and PSA have yielded very promising
results, comparable with those seen with anti-TNF agents (22, 34).
All patients studied by us had established disease, and a significant
number had active disease. CBP30 also inhibited IL-17A pro-
duction by Th17 cells from actively inflamed joints, showing effi-
cacy at the site of inflammation. Overall, our data convincingly
show that CBP30 effectively inhibits IL-17A production by Th17
cells from patients with AS and PSA and from HCs.
Th17 cells are heterogeneous and capable of producing multiple

additional inflammatory cytokines, including GM-CSF, IL-17F, IL-
21, and IL-22. We show here that CBP30 also inhibits GM-CSF
cytokine secretion. Th17 cells secreting additional cytokines have
been described as being particularly pathogenic, with GM-CSF in
particular implicated in rheumatoid arthritis (35). The observed
discrepancy between inhibitory effects of CBP30 on GM-CSF se-
cretion and CSF2 transcription might be explained by minor dif-
ferences in the experimental time course. Transcriptional analysis
on a limited number of AS patients and HCs confirmed the in-
hibitory effects on IL 17A and also showed down-regulation of
IL 21, IL 22, the transcription factor RORC (in AS patients), and
the signature cytokine receptor IL 23R (in HCs). CBP30 (unlike
JQ1) did not inhibit transcription or secretion of the closely related
cytokine IL-17F. This observation suggests hitherto unappreciated
differences in the transcriptional control of IL 17A and IL 17F. We
observed no effect of CBP30 on production of TNFα (a cytokine
important for protection against tuberculosis) and smaller effects of
JQ1 on IL-10 and IFNγ secretion. Thus, future therapeutic use of
CBP/p300 inhibitors could result in more specific inhibition of IL-
17A and other Th17-type cytokines by Th cells.
Transcriptional profiling of human CD4 T cells showed that

CBP30 has more limited effects and far greater specificity than
JQ1. Global expression arrays illustrated that JQ1 has effects on
approximately fourfold more genes than CBP30. Although the
global microarray showed only a limited Th17 signature (e.g.,
IL18R1,MIR155HG, and NOTCH1), we were nevertheless easily

able to confirm the effects of CBP30 (and JQ1) on Th17-specific
gene transcription on Th cells from AS patients and HCs by q-PCR.
Of note, even after culture, Th17 cells made up only 2.9–8.3% of
the total Th cell population (from healthy donors), explaining the
lack of an obvious Th17-specific signal. Th17 cells represent <1%
of healthy peripheral blood T lymphocytes (36), rising to ∼1–2%
in AS, PSA, and psoriasis patients (19, 20, 36).
Transcriptional control of Th17 responses is a multistep process,

involving numerous transcription factors (37). CBP/p300 is thought
to be involved at an early stage, consistent with our data showing
key sensitivity of human IL 17A transcription to CBP/p300 in-
hibition (38, 39). In murine Th17 cells, conserved noncoding se-
quence 2 (CNS2) is important to drive Il 17 gene transcription in
coordination with RORγt and is bound by p300 (24). However,
expression of Il 17f is only partially dependent on CNS2, a possible
explanation for the CBP30 specificity.
We present here, to our knowledge, the first detailed charac-

terization of CBP30, a potent and highly selective CBP/p300 bro-
modomain inhibitor. Functional preclinical data show effective
inhibition of IL17A secretion, without the broader and potentially
deleterious effects of the pan-BET inhibitor JQ1. CBP30 merits
further investigation as a lead therapeutic compound for AS, PSA,
and other human type-17–mediated autoimmune diseases, in-
cluding psoriasis, inflammatory bowel disease, and multiple scle-
rosis (40–42).

Materials and Methods
Inhibitors. SGC-CBP30 (hereafter called CBP30) and (+)-JQ1 (hereafter called
JQ1) were provided by the Structural Genomics Consortium (SGC), Oxford.

ITC and Thermal Shift Assay. Experiments were carried out on a VP-ITC mi-
crocalorimeter (MicroCal) at 15 °C in 50 mM Hepes, pH 7.5, 150 mM NaCl,
using an initial injection of 2 μL, followed by 34 identical injections of 8 μL.
The dilution heats, measured separately, were subtracted from the titration data.
Thermodynamic parameters were calculated using ΔG = ΔH − TΔS = −RTlnKB,
where ΔG, ΔH, and ΔS are the changes in free energy, enthalpy, and entropy
of binding respectively. In all cases, a single binding site model was used.
Thermal melting experiments were carried out using an Mx3005p Real Time
PCR machine (Stratagene) as described (43).

BLI. cDNA encoding human bromodomains was cloned, expressed, and pu-
rified as previously described (10). Kinetic ligand-binding measurements
were done using an OctetRed384 instrument (ForteBio). Biotinylated protein
(0.05 mg/mL) was immobilized on Super Streptavidin Biosensors. Association
and dissociation measurements were done in 25 mM Hepes, pH 7.4, 100 mM
NaCl, 0.01% Tween at 25 °C, with association and dissociation times of 240 s.
Compounds were prepared as 1:2.5 dilutions starting from 12 μM. Binding to
the reference sensors (no protein attached) was subtracted before calcula-
tions. Binding constants were calculated using the ForteBio Analysis soft-
ware provided by the manufacturer.

Crystallization, Data Collection, and Structure Solution. EP300 construct (Uni-
prot identifier as EP300_HUMAN Q09472-1 fragment 1048–1161), BRD4
construct (Uniprot identifier as BRD4_HUMAN O60885-1 fragment 44–168),
and BRD2 construct (Uniprot identifier as BRD2_HUMAN P25440-1 fragment
344–455) were used for crystallographic studies as described in SI Materials
and Methods. Data collection and refinement statistics are compiled in Table
S3. The models and structure factors have PDB ID codes 5BT3 (EP300), 5BT4
[BRD4(1)], and 5BT5 [BRD2(2)].

FRAP. FRAP studies were performed as described in SI Materials and Methods
and (25).

ChIP. ChIP-q-PCR was performed as described in SI Materials and Methods.

BioMAP Analysis of Primary Human Cells. BioMAP assays were performed as
previously described (26, 27). Data for CBP30 were compared with pan-BET
inhibitors (JQ1, I-BET, PFI-1, and I-BET151) (10–13).

Patient Samples.Heparinizedvenousblood (30mL)wasobtained from14patients
withAS (modifiedNewYork criteria), 6 patientswith PSA [Classification of Psoriatic

10772 | www.pnas.org/cgi/doi/10.1073/pnas.1501956112 Hammitzsch et al.

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1501956112/-/DCSupplemental/pnas.201501956SI.pdf?targetid=nameddest=STXT
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1501956112/-/DCSupplemental/pnas.201501956SI.pdf?targetid=nameddest=STXT
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1501956112/-/DCSupplemental/pnas.201501956SI.pdf?targetid=nameddest=ST3
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1501956112/-/DCSupplemental/pnas.201501956SI.pdf?targetid=nameddest=ST3
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1501956112/-/DCSupplemental/pnas.201501956SI.pdf?targetid=nameddest=STXT
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1501956112/-/DCSupplemental/pnas.201501956SI.pdf?targetid=nameddest=STXT
www.pnas.org/cgi/doi/10.1073/pnas.1501956112


Arthritis (CASPAR) criteria], and 8 HCs. Table S4 shows patient demographics and
medication. Ethical permission (COREC 06/Q1606/139 and Oxfordshire Research
Ethics Committee B 07/Q1605/35) and informed consent were obtained. Leuko-
cyte cones were acquired from National Health Service Blood and Transplant.

Cell Purification and Cell Culture, ELISA, and LUMINEX Analysis. CD4 T cells
(5 × 104, negatively selected: 89.1% purity) were cultured in 96-well plates in
conditions that promoted Th17 numbers and preserved Th1, Th2, and Treg
numbers as described in SI Materials and Methods. Supernatants were
analyzed with an IL-17A, IL-17F, and IFNγ ELISA kit (ebioscience) and subjected
to LUMINEX analysis with a custom-made premixed Multiplex Screening Assay
for IL-10, IL-22, TNFα, and GM-CSF (R&D Systems).

Transcriptional Profiling. CD4 T cells (1 × 106) were cultured in 48-well plates, as
described above, for 4 d. Microarray analysis of RNA used Illumina beadchip array
HT12v4.1. Details are in SI Materials and Methods. For quantitative PCR (q-PCR),
RNA was reverse transcribed with the High Capacity cDNA Reverse Transcription
Kit (Applied Biosystems). TaqMan probes for transcripts encoding IL 17A, IL 17F, IL

21, IL 22, CSF2, IL 10, IFNG, IL 23R, RORC, TBX21, HIST1H2BK, CCL17, GZMB,
TIMD4, and NOTCH1 (see SI Materials and Methods for details) were used for
q-PCR on a ViiA 7 Real-Time PCR System (Life Technologies).

Statistical Analysis. Statistical analysis was performed using GraphPad Prism
software version 5. P values less than 0.05 were considered statistically significant.
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