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ORIGINAL ARTICLE
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Abstract Studies indicate that elevated interleukin-6 (IL-6)
levels engage IL6Rα-gp130 receptor complexes to activate sig-
nal transducer and activator of transcription 3 (STAT3) that is
hyperactivated in many cancers including head and neck squa-
mous cell carcinoma (HNSCC). Our previous HCS campaign
identified several hits that selectively blocked IL-6-induced
STAT3 activation. This study describes our investigation of
the mechanism(s) of action of three of the four chemical series
that progressed to lead activities: a triazolothiadiazine (864669),
amino alcohol (856350), and an oxazole-piperazine (4248543).
We demonstrated that all three blocked IL-6-induced upregula-
tion of the cyclin D1 and Bcl-XL STAT3 target genes. None of
the compounds exhibited direct binding interactions with
STAT3 in surface plasmon resonance (SPR) binding assays;
neither did they inhibit the recruitment and binding of a
phospho-tyrosine-gp130 peptide to STAT3 in a fluorescence
polarization assay. Furthermore, they exhibited little or no

inhibition in a panel of 83 cancer-associated in vitro kinase
profiling assays, including lack of inhibition of IL-6-induced
Janus kinase (JAK 1, 2, and 3) activation. Further, 864669 and
4248543 selectively inhibited IL-6-induced STAT3 activation
but not that induced by oncostatin M (OSM). The compounds
864669 and 4248543 abrogated IL-6-induced phosphorylation
of the gp130 signaling subunit (phospho-gp130Y905) of the IL-
6-receptor complex in HNSCC cell lines which generate
docking sites for the SH2 domains of STAT3. Our data indicate
that 864669 and 4248543 block IL-6-induced STAT activation
by interfering with the recruitment, assembly, or activation of
the hexamer-activated IL-6/IL-6Rα/gp130 signaling complex
that occurs after IL-6 binding to IL-6Rα subunits.

Keywords STAT3 pathway . Interleukin-6 (IL-6) . STAT3
inhibitors . Head and neck cancer

Introduction

Signal transducer and activation of transcription 3 (STAT3)
belongs to a family of transcription factors activated by a
variety of cytokines and soluble growth factors including the
interleukin 6 (IL-6) family cytokines and many others [6]. IL-
6, a multifunctional cytokine, exerts its action through inter-
leukin 6 receptor (IL-6R) complexed with gp130 which there-
upon dimerizes and initiates intracellular signaling [29],
through activated Janus kinases (JAKs) which phosphorylate
STAT3.

STAT3 activation has been implicated downstream of IL-6
receptor complex engagement leading to numerous alterations
required for tumor growth [11, 47]. Numerous studies have
demonstrated that phosphorylation at a single tyrosine residue
(Y705) in the transactivation domain of STAT3 contributes to
the development, progression, and maintenance of many
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cancers including head and neck squamous cell carcinoma
(HNSCC) [1, 17] and correlated with a shorter overall survival
in a cohort of patients [16, 53]. Thus, STAT3 is considered a
novel therapeutic target due to its association with malignant
transformation. Although different strategies such as phospho-
peptide inhibitor (PY*LKTK); peptidomimetic analog; ISS
610 [45, 46]; small-molecule inhibitors such as STA-21,
S3I-201, and Stattic [37, 41]; and several oligonucleotide ap-
proaches such as antisense RNA or siRNA approaches [9, 22,
27] have been developed to target STAT3, only a few have
progressed to in vivo efficacy, pharmacology, or toxicity test-
ing [52]. STAT3 decoy oligonucleotide is another novel strat-
egy that is being used to inhibit the activity of several target
transcription factors [39, 52]. A chemically modified cyclic
STAT3 decoy resulted in a stable therapeutic compound that
retained potency and target specificity and demonstrated anti-
tumor activity after systemic delivery [39] with no apparent
toxicity [38], suggesting that clinical development of the cy-
clic STAT3 decoy may yield an effective therapeutic outcome.

We previously reported a high content screening campaign
that identified four chemical series that selectively inhibited
IL-6-induced pSTAT3 activation over interferon gamma
(IFNγ)-induced pSTAT1 activation, inhibited the growth of
HNSCC cell lines, and were progressed into chemistry hit-
to-lead activities. The present studies were carried out to de-
lineate the mechanism(s) of action of three representatives of
these series: the triazolothiadiazines (864669), the amino al-
cohols (856350), and the oxazole-piperazines (4248543). Our
results demonstrate that two of the series, triazolothiadiazine
864669 and oxazole-piperazine 4248543, selectively inhibit
IL-6-induced pSTAT3Tyr705 activation in HNSCC cells rela-
tive to either oncostatin M (OSM)-induced pSTAT3Tyr705 ac-
tivation or IFNγ-induced pSTAT1Tyr701 activation. The selec-
tive inhibition of IL-6-induced pSTAT3Tyr705 activation ap-
pears to involve inhibition of the phosphorylation of a specific
tyrosine residue (Tyr 905) of the gp130 subunits in the acti-
vated IL-6 receptor complex that prevents the recruitment of
latent STAT3 and the subsequent JAK-mediated phosphory-
lation of STAT3Tyr705 and ensuing downstream events.

Materials and methods

Cell culture The HNSCC cell line Cal33 was a kind gift from
Jean Louis Fischel, Centre Antoine Lacassagne, Nice, France.

U266B1 lymphocytes were obtained from the ATTC
(ATCC® TIB-196™).

Antibodies and reagents Anti-pSTAT3Tyr705, anti-
pSTAT1Tyr701, STAT3, and STAT1 antibodies were purchased
from Cell Signaling Technology Inc. (Danvers, MA). Cyclin
D1, Bcl-XL, and gp130 antibodies were purchased from Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA). Anti-
pgp130Tyr905, anti-PIAS3, anti-SOCS1, anti-SOCS3, and β-
tubulin antibodies were purchased from Abcam Inc.
(Cambridge, MA). Anti-phospho-JAK1, anti-phospho-
JAK2, anti-phospho-JAK3, JAK1, JAK2, and JAK3 antibod-
ies were purchased from Millipore (Billerica, MA). The goat
anti-rabbit IgG (H+L)-horseradish peroxidase conjugate sec-
ondary antibody was from Bio-Rad Laboratories (Hercules,
CA). Recombinant human interleukin-6 (IL-6), interferon
gamma (IFNγ), and oncostatin M (OSM) were purchased
from R&D Systems, Inc. (Minneapolis, MN).

Western blotting analysis of STAT3 signaling in HNSCC
cells Cal33 cells were treated with 3, 10, 30, and 100 μM
concentrations of the compounds for 2 h and 45min, followed
by stimulation with IL-6 (50 ng/ml, 15 min) and harvested.
Western analyses were done to determine pSTAT3Tyr705,
STAT3, cyclin D1, Bcl-XL, pJAK1, pJAK2, pJAK3, JAK1,
JAK2, and JAK3 protein expression. β-Tubulin was used as a
loading control.

Kinome profiling Kinase assays were conducted using the
KinaseProfiler service of EMD Millipore.

Compound handling 864669 [23], 4248543, and 856350
and structurally related analogs were synthesized, purified,
structurally verified, and provided by the University of

Fig. 1 Structures of 864669,
4248543, and 856350

�Fig. 2 a 864669, b 4248543, and c 856350 downmodulates IL6-induced
upregulation of pSTAT3Tyr705 and decreases STAT3 target gene
expression. Cal33 cells were serum starved and treated with increasing
concentrations of 864669, 4248543, and 856350, respectively. At the end
of 2 h and 45 min, cells were stimulated with IL6 (50 ng/ml, 15 min) and
harvested and protein lysates were prepared and ran on a 10% SDS-
polyacrylamide gel. A significant decrease in pSTAT3Tyr705, cyclin D1,
and Bcl-XL expression was observed in Cal33 cells treated with 864669
(Fig. 2a) and 4248543 (Fig. 2b), and 856350 (Fig. 2c) at 30μMcompared
to cells stimulated with IL-6. The only exception was Bcl-XL expression
(Fig. 2c) in Cal33 cells treated with 856350 where a dose-dependent
decrease was observed although it was not significant. Results are from
three separate experiments
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Pittsburgh Chemical Diversity Center [23], or the determina-
tion of the 50% inhibition concentrations (IC50), 10-point 2-
fold serial dilutions of test compounds in 100% DMSO were
performed using a 384-well P30 dispensing head on the EP3
liquid handling platform as described previously [18, 19].

Automated pSTAT3 HCS assay protocols The automated
protocols for the pSTAT3 HCS assay has been described pre-
viously [18, 19].

Image acquisition on the ImageXpress ultra confocal au-
tomated imaging platform For the pSTAT3 and pSTAT1
HCS assays, the IXU was set up to acquire two images using
a 20× 0.45 NA ELWD objective in each of two fluorescent
channels [18, 19].

Image analysis using the translocation-enhanced module
The fluorescent signal of Hoechst 33342-stained nuclei cap-
tured in channel 1 (Ch 1) images were used by the
translocation-enhanced (TE) image analysis module to define
an Binner^ nuclear mask and an Bouter^ cytoplasm mask in
channel 2 (Ch 2) [18, 19].

Effect of compounds on pgp130Tyr905 expression in
HNSCC cell line by western analyses Cal33 cells were plat-
ed, serum starved, and treated with 3, 10, 30, and 100 μM
concentrations of the compounds for 2 h and 45 min followed
by stimulation with IFN-γ (50 ng/ml, 15 min). Cells were
harvested, and western analyses were done to determine
pgp130Tyr905 and gp130 protein expression. β-Tubulin was
used as a loading control.

Data processing, visualization, statistical analysis, and
curve fitting HCS data processing for the pSTAT3 activation
assays were performed using ActivityBase™ (IDBS,
Guildford, UK) and CytoMiner (UPDDI) as described previ-
ously [18, 19].

Supplemental methods

Effect of 864669 and 4248543 on STAT1 signaling in
HNSCC cells Cal33 cells were treated with 3, 10, 30, and
100 μM concentrations of the compounds for 2 h and
45 min followed by stimulation with IFN-γ (50 ng/ml,
15 min). The cells were harvested, and western analyses were
done to probe for pSTAT1Tyr701 and STAT1. β-Tubulin was
used as a loading control.

IL-6-receptor binding assay in U266 cell plasma mem-
branes The U266 B-lymphocyte cell line has previously been
shown to express a high number of IL-6 receptor sites
(11,000) per cell [43], and we developed a 96-well filtration

format 125I-IL-6 binding assay using U266-derived plasma
membranes isolated as described previously [4]. To prepare
plasma membranes, U266B1 lymphocytes were grown, har-
vested, and centrifuged. Cell pellets were re-suspended in ice-
cold buffer A (50 mM Tris-HCl, pH 7.4), mechanically
sheared, and centrifuged. The supernatant was centrifuged to
pellet the U266 membranes. The membrane pellets were then
homogenized in buffer A, and then aliquots were flash frozen
in liquid nitrogen. The protein concentration of the plasma
membrane preparation was determined using a Pierce BCA
Protein Assay Kit.

Binding reactions were performed in round-bottom 96-well
plates (Costar) that contained 1% BSA (final), 25 μg of U266
plasma membranes, 100 nM–50 μM test compounds, and
1 nM 125I-IL6. 125I-IL6 binding was allowed to proceed on
ice for 2 h with periodic agitation every 10–15 min. Non-
specific background control wells contained all the reaction
components except U266 plasma membranes.

Effect of 864669 and 4248543 on the negative regulators of
STAT3 Cal33 cells were serum starved and treated with 3, 10,
30, and 100 μM concentrations of the compounds for 2 h and
45 min. Cells were stimulated with IL-6 (50 ng/ml, 15 min)
and harvested, and cell lysates were analyzed to determine
PIAS3, SOCS1, and SOCS3 protein expression by western
analyses. β-Tubulin was used as a loading control.

Results

A high-content screening (HCS) campaign of a 95,000-com-
pound subset of the NIHMolecular Library Screening Centers
Network (MLSCN) small-molecule library identified four
chemical hit series that selectively inhibited IL-6-induced
STAT3 pathway activation in head and neck cancer cell lines
that were subsequently progressed into hit-to-lead activities:
the triazolothiadiazines, an oxazole-piperazine singleton, the
amino alcohols, and the 2-guanidinoquinazolines [19, 23, 24].
We describe here our efforts to elucidate the mechanism(s) of
action (MOA) of three representative hit compounds from the
triazolothiadiazine, oxazole-piperazine, and amino alcohol se-
ries, namely, 864669, 4248543, and 856350, respectively.

�Fig. 3 a 864669, b 4248543, and c 856350 do not inhibit JAKs in Cal33
cells. Cal33 cells were serum starved and treated with increasing
concentrations of 864669, 4248543, and 856350, respectively. At the
end of 2 h and 45 min, ce l l s were s t imula ted wi th IL6
(50 ng/ml,15 min) and harvested and protein lysates were prepared and
ran on a 10% SDS-polyacrylamide gel to determine the expression of
pJAK1, JAK1, pJAK2, JAK2, pJAK3, and JAK3. β-Tubulin was used
as a loading control. 864669 (Fig. 3a), 4248543 (Fig. 3b), and 856350
(Fig. 3c) do not inhibit any of the JAKs at the concentration tested.
Results are from three separate experiments
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Structures Structures of 864669, 4248543, and 856350 are
included in Fig. 1.

Inhibition of IL-6-induced pSTAT3Tyr705 activation and
STAT3-mediated target gene expression Consistent with
the primary HCS assay [19], our western blotting analysis
confirmed that all three compounds significantly inhibited
IL-6-induced pSTAT3Tyr705 activation (p value ≤0.05) in
Cal33 HNSCC cells in a concentration-dependent manner
(Fig. 2a–c). For example, pre-exposure to 30 μM of the
triazolothiadiazine 864669 inhibited IL-6-induced
pSTAT3Tyr705 expression by 85% (p = 0.0036), cyclin D1
expression by 68% (p = 0.0378), and Bcl-XL expression by
40% (p = 0.0464) in Cal33 cells (Fig. 2a). Similarly, pre-
treatment with 30 μM of the oxazole-piperazine 4248543
inhibited IL-6-induced pSTAT3Tyr705 expression by 62%
(p = 0.0182), cyclin D1 expression by 78% (p = 0.0264),
and Bcl-XL expression by 41% (p = 0.0545) in Cal33 cells
(Fig. 2b). Treatment with 30 μM of the amino alcohol 856350
inhibited IL-6-induced pSTAT3Tyr705 expression by 62%
(p = 0.0528) and cyclin D1 expression by 88% (p = 0.0077)
in Cal33 cells (Fig. 2c). Although the 40% decrease in IL-6-
induced Bcl-XL expression produced by 30 μM 856350 was
not significant (p = 0.4069), the apparent inhibition of Bcl-XL

expression exhibited a concentration-dependent trend
(Fig. 2c). Importantly, these studies demonstrate that all three
compounds inhibit STAT3-mediated transcriptional activation
of target genes that promote cell proliferation and survival by
inhibiting IL-6-induced STAT3 tyrosine phosphorylation rath-
er than reducing STAT3 protein levels.

Kinase inhibitionActivation of the IL-6 receptor complex by
ligand binding triggers Janus kinase (JAK) auto-
phosphorylation and activation, phosphorylation of specific
intracellular tyrosine residues of the gp130 signaling subunit,
recruitment of latent STAT3 via Src homology 2 (SH2) do-
main interactions, and ultimately JAK-mediated phosphoryla-
tion of STAT3Tyr705 [36]. The concentrations used for the ki-
nase assay were the IC50 values determined earlier [18, 19].
Our work demonstrated that the compounds failed to alter the
protein expression levels of IL-6-induced pJAK1, pJAK2, and
pJAK3 or JAK1, JAK2, and JAK3 (Fig. 3a–c) as determined
by western blot. In addition to cytokine receptor-associated
JAKs, STAT3 can also be phosphorylated at the Tyr 705 res-
idue by a number of growth factor receptor and SRC family
tyrosine kinases [33, 49]. To evaluate whether any of the com-
pounds were kinase inhibitors, we tested them in a
KinaseProfiler panel of 83 in vitro kinase assays (EMD
Millipore, now Eurofins Pharma Discovery Services UK
Limited). At their respective cell-based IC50 concentrations,
none of the compounds significantly inhibited any of the 83

kinases, including members of the JAK, SRC, and growth
factor receptor tyrosine kinase families (data not shown), sug-
gesting that these compounds are unlikely to exert their effects
through kinase inhibition.

Selective inhibition of IL-6-induced versus OSM-induced
STAT3 pathway activation All IL-6-type cytokines recruit
gp130 to their signaling complexes, auto-phosphorylate, and
activate associated JAKs and recruit STAT proteins (Fig. 4a)
[13, 14]. IL-6 binds to IL-6 receptor alpha subunits (IL-6Rα,
gp80) on cells that express this receptor, and this binary com-
plex then recruits a gp130 signaling subunit to form an active
IL-6/IL-6Rα/gp130/JAK signaling complex that mediates the

�Fig. 4 a STAT3 activation pathways for interleukin-6 and oncostatin M. In
classical IL-6 signal transduction, IL-6 binds to IL-6 receptor alpha subunits
(IL-6Rα, gp80) on cells that express this receptor, and this binary complex
then recruits a gp130 signaling subunit to form an IL-6/IL-6Rα/gp130
heterotrimer and then two of these interact to form a hexamer-activated IL-6/
IL-6Rα/gp130 signaling complex [13, 14, 26].Homo-dimerizationof the IL-
6/IL-6Rα/gp130 heterotrimers triggers phosphorylation of the gp130-
associated Janus kinase, and subsequent phosphorylation of tyrosine
residues on the intracellular cytoplasmic tail of gp130 generates docking
sites for the SH2 domains of STAT3 [13, 14, 26, 50]. JAK-mediated
phosphorylation of the tyrosine-705 residue of STAT3 recruited to the
activated IL-6/IL-6Rα/gp130/JAK complex enables reciprocal interactions
between SH2 domains of pSTAT3 monomers to form dimers which then
translocate into the nucleus [13, 14, 17, 26, 50]. In the nucleus, pSTAT3
dimers bind to specific DNA response elements in the promoters that
activate the transcription of target genes that favor the development,
progression, andmaintenance of HNSCC andmany other tumors [7, 10, 15,
17, 25]. In contrast, oncostatinM (OSM) canbind to twodistinct heterodimer
receptor complexeswithout first binding toanalpha receptor subunit and then
recruiting gp130 [13, 14]. OSM initiates signal transduction by binding to
heterodimer complexes formed between a gp130 subunit and either the
OSM (OSMR) or leukemia inhibitory factor (LIFR) signaling receptors [13,
14]. Activation of either the IL-6/IL-6Rα/gp130/JAK, OSM/OSMR/gp130/
JAK, or OSM/LIFR/gp130/JAK receptor complex triggers identical
downstream signal transduction events with respect to STAT3 recruitment,
tyrosine-705 phosphorylation of STAT3, pSTAT3 dimerization, and
trafficking to the nucleus and transcriptional regulation of STAT3 target
genes. b–e Inhibition of IL-6-induced versus OSM-induced pSTAT3Tyr705
activation by b 864669 and c 4248543 but not d 856350 and e Pyridone 6.
Three hundred eighty-four-well plateswere seededwithCal33HNSCCcells
and serum starved for 24 h. The cells were exposed to the indicated
concentrations of the selected compounds for 3 h and then treated with
either 50 ng/ml of IL-6 or 50 ng/ml OSM for 15, fixed and stained with
Hoechst and a mouse monoclonal anti-pSTAT3Tyr705 antibody. Images were
acquired on the ImageXpress Ultra confocal HCS platform. To calculate the
percent inhibitionof IL-6-inducedpSTAT3activation, themeanaverage inner
pSTAT3Tyr705 intensity values of the 0.2% DMSO minimum plate control
wells (n = 32) and the 50 ng/ml IL-6 or OSMmaximum plate control wells
(n = 32) were used to normalize the mean average inner intensity
pSTAT3Tyr705 values of the compound-treated wells and to represent 100
and 0% inhibition of IL-6-induced pSTAT3 activation, respectively. The
mean ± SD (n = 3) percent inhibition of IL-6-induced pSTAT3 activation
(open circle) and the mean ± SD (n = 3) percent inhibition of OSM-induced
pSTAT3activation(filledcircle)at the indicatedcompoundconcentrationsare
presented. Representative experimental data from one of numerous
independent experiments are shown
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phosphorylation of the tyrosine-705 residue of STAT3,
resulting in the formation of pSTAT3 dimers that traffic into
the nucleus and bind to specific DNA response elements to
activate the transcription of target genes (Fig. 4a) [13, 14, 17,
26, 50]. In contrast, oncostatin M (OSM) binds to two distinct
heterodimer receptor complexes formed between a gp130
subunit and either the OSM receptor (OSM-R) or the leuke-
mia inhibitory factor receptor (LIF-R) without first binding to
an alpha receptor subunit (Fig. 4a) [13, 14]. Nevertheless,
activation of each of the three receptor complexes, IL-6/IL-
6Rα/gp130/JAK, OSM/OSMR/gp130/JAK, or OSM/LIFR/
gp130/JAK, triggers identical downstream signal transduction
events with respect to STAT3 pathway activation (Fig. 4a) [13,
14]. The three compounds selectively block STAT3 activation
over IFN-γ-induced STAT1 activation, and inhibit the growth
of HNSCC cells in vitro [18, 19]. To determine whether they
inhibited pSTAT3Tyr705 activation by IL-6 and OSM, we con-
ducted concentration-dependent inhibition (IC50) assays with
both cytokines (Fig. 4b–e). Consistent with our published data
[19], the triazolothiadiazine 864669 (Fig. 4b) and the oxazole-
piperazine 4248543 (Fig. 4c) both inhibited IL-6-induced
pSTAT3Tyr705 activation in a concentration-dependent man-
ner. However, neither of these compounds inhibited OSM-
induced pSTAT3Tyr705 activation (Fig. 4b, c). In marked con-
trast, the amino alcohol 856350 (Fig. 4d) and the pan JAK
inhibitor Pyridone 6 (Fig. 4e) inhibited pSTAT3Tyr705 activa-
tion induced by both IL-6 and OSMwith similar potencies. To
further validate the differential effects of the three on OSM-
induced pSTAT3Tyr705 activation, we performed western blot-
ting analysis similar to those described for Fig. 2, except that
50 ng/ml OSM was used as the activating stimulus (Fig. 5).
Neither 864669 (Fig. 5a) nor 4248543 (Fig. 5b) inhibited the
OSM-induced upregulation of pSTAT3Tyr705; neither did they
alter cyclin D1 or Bcl-XL expression levels. In contrast,
856350 significantly inhibited the OSM-induced upregulation
of pSTAT3Tyr705 (p = 0.0486 at 30 μM) and cyclin D1 expres-
sion (p = 0.02 at 30 μM), and although the downregulation of
Bcl-XL was not statistically significant, there was a clear
concentration-dependent effect (Fig. 5c). Collectively, these
data indicate that 864669 and 4248543 selectively inhibited

Fig. 6 a 864669 and b 4248543 downmodulate IL6-induced
upregulation of pgp130Tyr905 expression. Cal33 cells were serum
starved and treated with increasing concentrations of 864669 and
4248543, respectively. At the end of 2 h and 45 min, cells were
stimulated with IL6 (50 ng/ml, 15 min) and harvested and protein
lysates were ran on a 10% SDS-polyacrylamide gel. A significant
decrease in pgp130Tyr905 (p = 0.0338) expression was observed in
Cal33 cells treated with 864669 at 30 μM (a). Similarly,
4248543 at 30 μM showed a s ign i f ican t decrease in
pgp130Tyr905 (p = 0.0163) expression (b). Results are from three
separate experiments

�Fig. 5 a 864669 and b 4248543 do not abrogate oncostatin M (OSM)-
induced upregulation of pSTAT3 and STAT3 target gene expression;
however, c 856350 downmodulates OSM-induced upregulation of
pSTAT3 and decreases STAT3 target gene expression. Cal33 cells were
serum starved and treated with increasing concentrations of 864669,
4248543, and 856350, respectively. At the end of 2 h and 45 min, cells
were stimulated with OSM (50 ng/ml, 15 min) and harvested and protein
lysates were ran on a 10% SDS-polyacrylamide gel. 864669 (a) and
4248543 (b) do not inhibit pSTAT1Tyr705, cyclin D1, and Bcl-XL in
Cal33 cells stimulated with OSM. Results are from two separate
experiments. 856350 (c) causes a significant decrease in pSTAT3Tyr705
(p = 0.0486) and cyclin D1 (p = 0.02) expression levels when compared
to cells stimulated with OSM. Bcl-XL expression showed a decreasing
trend. Results are from two separate experiments
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IL-6-induced pSTAT3Tyr705 activation induced by IL-6 but not
by OSM. In contrast, the amino alcohol 856350 inhibited
pSTAT3Tyr705 activation induced by both IL-6 and OSM.

Blockade of pgp130Tyr905 expression To further investigate
the MOA by which the triazolothiadiazine 864669 and
oxazole-piperazine 4248543 selectively inhibit IL-6-induced
pSTAT3Tyr705 activation, we developed a western blotting as-
say to determine if these compounds inhibited the phosphor-
ylation of a specific tyrosine residue (Tyr 905) of the gp130
subunit (Fig. 6). Latent non-phosphorylated STAT3 is recruit-
ed to the pgp130Tyr905 subunits of the activated IL-6 receptor
complex via SH2 domain interactions, and this ultimately
leads to JAK-mediated phosphorylation of STAT3Tyr705.
Cal33 cells were treated with 3, 10, 30, or 100 μM of the
compounds for 3 h and then stimulated with IL-6 (50 ng/ml,
15 min). Both 864669 and 4248543 inhibited the IL-6-
induced upregulation of pgp130Tyr905 expression in a
concentration-dependent manner (Fig. 6). At 30 μM, both
864669 (Fig. 6a, p = 0.0388) and 4248543 (Fig. 6b,
p = 0.0163) significantly inhibited the IL-6-induced upregu-
lation of pgp130Tyr905 expression. In contrast, neither com-
pound significantly altered the gp130 expression levels of
Cal33 cells.

STATsignaling pathway selectivity, IL-6-receptor binding,
and effect of 864669 and 4248543 on the negative regula-
tors of STAT3 Since activated STAT3 is oncogenic and
STAT1 has tumor suppressor activities [2], one of the hit se-
lection criteria for the STAT3 pathway HCS campaign was
that compounds should exhibit ≥3-fold selectivity for the in-
hibition of IL-6-induced pSTAT3Tyr705 activation relative to
inhibition of IFNγ-induced pSTAT1Tyr701 activation [19].
However, because of the high sequence homology between
STAT1 and STAT3 and their propensity to form STAT1-
STAT3 heterodimers, we re-examined the effects of 3 h pre-
exposure to various concentrations of 864669, 4248543, and
856350 on IFNγ-induced pSTAT1Tyr701 activation and total
STAT1 expression levels by western blotting. Consistent with
our previous HCS data [19], none inhibited either IFNγ-
induced pSTAT1Tyr701 activation or total STAT1 protein ex-
pression levels (data not shown). Further, apparent selectivity
for the triazolothiadiazine and oxazole-piperazine for
inhibiting IL-6-induced versus OSM-induced STAT3 activa-
tion prompted us to formulate a hypothesis that these com-
pounds might be interfering with IL-6 binding to IL-6Rα and/
or the subsequent recruitment of gp130 and assembly of the
activated IL-6/IL-6Rα/gp130/JAK receptor complex. To test
whether 864669 and 4248543 antagonized the binding of I125-
IL6 to the IL-6 receptor complex, we developed a 96-well
filtration format I125-IL6 radio ligand binding assay with plas-
ma membranes isolated from U266 cells. Neither 864669 or
any of the 864669 analogs nor 4248543 or any of the 4248543

series analogs competitively inhibited I125-IL-6 binding to
U266 plasma membranes at concentrations ≤50 μM (data
not shown). These data indicate that the ability of
triazolothiadiazine 864669 and oxazole-piperazine 4248543
to selectively inhibit IL-6-induced pSTAT3Tyr705 activation
is not mediated through antagonism of IL-6 receptor binding.
In addition, 864669 and 4248543 were tested to assess their
effect on STAT3 negative regulators such as PIAS3, SOCS1,
and SOCS3 expression by western blotting. None inhibited
PIAS3, SOCS1, or SOCS3 protein expression levels at the
concentrations tested (data not shown).

Discussion

Cumulative evidence strongly implicates IL6 deregulation in a
variety of cancers [21], and there is a correlation between
increased expression of IL6 and lower patient survival rates
[44]. Elevated levels of IL6 have been associated with tumor
progression through stimulation of angiogenesis, prolifera-
tion, migration, drug resistance, and inhibition of cancer cell
apoptosis [12, 31]. In HNSCC, high serum IL-6 levels have
been correlated with tumor metastasis [51]. Further, elevated
IL-6 expressions have been shown to contribute to erlotinib
resistance in HNSCC and thus blockade of the IL-6 signaling
pathway may be an effective therapeutic strategy to overcome
resistance to erlotinib [42]. High serum IL6 levels have been
detected in patients with lymphoma, lung [35], prostate [32,
40], breast [5], and colorectal cancer [48]. These data imply an
oncogenic role for IL-6, and indeed, blocking IL-6 signaling is
an anti-cancer strategy currently in clinical development. In
multiple myeloma, clinical trials with neutralizing anti-IL-6
antibodies demonstrated good anti-tumor efficacy; however,
antibody treatment resulted in a reservoir of free IL-6 in the
circulation [20]. To circumvent such difficulties, the human-
ized anti-IL-6 receptor (IL-6R) antibody tocilizumab was de-
veloped which prevents binding of IL-6 to IL-6R, and only
shows mild systemic elevation of IL-6 [20].

Many studies have indicated a crucial role of STAT3 in the
downstream signal transduction of IL-6 [30] and their role in
the development of cancer [48]. In cancer cells, the constitu-
tive or elevated activation of STAT3 could also result from
defects in the negative regulators of STAT3 [3, 28, 34], exces-
sive stimulation of STAT3, positive feedback loops that main-
tain constitutive activation of STAT3, and/or somatic muta-
tions that confer STAT3 hyperactivation.

The present study was conducted as part of a hit-to-lead
exercise to elucidate the mechanism(s) of action of com-
pounds from the triazolothiadiazine, oxazole-piperazine, and
amino alcohol series, namely, 864669, 4248543, and 856350,
respectively, as selective inhibitors of IL-6-induced STAT3
pathway activation. The three compounds 864669, 4248543,
and 856350, and structurally related analogs from each series
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(data not shown), inhibited IL-6-induced pSTAT3Tyr705 acti-
vation and decreased expression of the STAT3 target genes
cyclin D1 and Bcl-XL. Consistent with our high content
screening strategy [23], none of the compounds inhibited ei-
ther IFNγ-induced pSTAT1Tyr701 activation or total STAT1
protein expression. Further, in a KinaseProfiler panel of 83
in vitro kinase assays, none of the compounds significantly
inhibited any of the kinases in the panel, including members
of the JAK, known to mediate STAT3 signaling. In addition,
western blot analyses in Cal33 HNSCC cells demonstrated
that 864669, 4248543, and 856350 did not inhibit either the
IL-6-induced auto-phosphorylation of pJAK1, pJAK2, and
pJAK3 or their protein expression levels, confirming that they
do not exert their effects on STAT3 signaling through JAK
kinase inhibition. Western blot analysis of the expression of
the negative modulators of STAT3 such as SOCS3 or PIAS3
inHNSCC cells indicated that exposure to the compounds had
no noticeable effects on the expression of these regulatory
proteins. Further, the compounds showed selectivity for IL-
6-induced pSTAT3Tyr705 activation versus OSM-induced
pSTAT3Tyr705 activation. Further, both 864669 and 4248543
inhibited the IL-6-induced upregulation of pgp130Tyr905 ex-
pression in a concentration-dependent manner without alter-
ing the gp130 expression levels of Cal33 cells.

Both IL-6 and STAT3 have been implicated in the
initiation and progression of tumorigenesis, and direct
targeting of STAT3 has long been considered a plausible
strategy for cancer therapy. Although a variety of
STAT3-targeted approaches have been pursued [8], few
have p rog r e s s ed to c l i n i c a l c and ida t e s . The
triazolothiadiazine 864669 and oxazole-piperazine
4248543 selectively inhibits IL-6-induced pSTAT3Tyr705
activation in HNSCC cells relative to either OSM-
induced pSTAT3Tyr705 activation or IFNγ-induced
pSTAT1Tyr701 activation. These two compounds do not
alter the protein expression levels of either STAT3 or its
negative regulators. Neither do they block ligand bind-
ing to the IL-6 receptor complex nor the auto-
phosphorylation of the associated JAK kinase. Rather,
the selective inhibition of IL-6-induced pSTAT3Tyr705
activation appears to involve inhibition of the phosphor-
ylation of a specific tyrosine residue (Tyr 905) of the
gp130 subunits in the activated IL-6 receptor complex
that prevents the recruitment of latent STAT3 and the
subsequen t JAK-med ia t ed phosphory la t ion o f
STAT3Tyr705. It is possible that 864669 and 4248543
inhibit IL-6 induced STAT activation by blocking the
IL-6-induced recruitment and/or assembly of the IL-6
receptor hexamer complex that occurs after IL-6 binding
to IL-6Rα subunits. Further, it will be important to de-
termine whether these selective small-molecule inhibi-
tors of IL-6-induced STAT3 activation exhibit in vivo
anti-tumor efficacy.
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