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Head & Neck Squamous Cell Carcinoma 
(HNSCC) 

v  HNSCC 6th most common  malignancy in the world. 
u  600,000 cases per year and 50% mortality rate. 

v  HNSCC Risk Factors: Smoking, EtOH, age and HPV 16 (OP). 

v  Areodigestive Tract :non-keratinizing 
squamous epithelium  

u  oral cavity; oropharynx, supraglottis, 
hypopharynx, glottis 

v  Signs & Symptoms: otalgia, dysphagia, 
dysphonia, sore throat 

u  Late signs & symptoms:  dyspnea, non-
painful neck mass  

v Multidisciplinary Treatment:  TNM staging。     
u  Early stage (T1/2N0M0): single modality; surgery or external radiation 
u  Late stage(T3/4N+M0) : multi-modality; surgery + radiation ± chemotherapy  
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Intra-operative pictures were taken by Dr. Naib Tabr 

Total Laryngectomy for Advanced 
Stage Glottic HNSCC 

Intra-operative picture of 
 removal of voice box  

Stoma after total larygectomy  
=  

breathing hole 
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v  Alkylating Agents: 

u  Cisplatin 
u  Carboplatin 

v  Antimetabolites: 
u  Methotrexate (MTX) 
u  5- Flurouracil 

v  Microtubule Stabilizer: 
u  Paclitaxel 

v  Epidermal Growth Factor Receptor (EGFR) inhibitor: 
u  Cetuximab (monoclonal antibody) – Selective, but only 30% patients 

respond it. 

HNSCC Chemotherapy Agents 

Side effects: Non selectivity, hair loss, bone pain, immunosuppression. 
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v  Chemotherapy (cisplatin) saved this patient’s life! 

 
v  Our dreaming new chemotherapy agents: 

u  Great selectivity of HNSCC cells over normal cells. 
u  Greater efficacy. 
u  Great tolerability.   

We Need New Chemotherapy Agents! 

Ultimately, our goal is to increase the overall survival! 

Pictures were taken by Dr. Naib Tabr 
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STAT3-based Anticancer Strategies

Introduction

Signal transducer and activator of transcription 3 (STAT3) is a 
member of a family of seven proteins (STATs 1, 2, 3, 4, 5a, 5b, 
and 6) that relay signals from activated cytokine and growth factor 
receptors in the plasma membrane to the nucleus, where they  
regulate gene transcription (1–3). STAT3 modulates the transcrip-
tion of responsive genes involved in the regulation of a variety 
of critical functions, including cell differentiation, proliferation, 
apoptosis, angiogenesis, metastasis, and immune responses (2, 
4–6). Multiple lines of evidence place STAT3 at a central node in 
the development, progression, and maintenance of many human 
tumors, validating STAT3 as an anticancer target (Table 1) (2, 
4–7). Cellular transformation by the viral oncogene v-src requires 
activated STAT3 (2, 7–10), and the transfection and expression of 
a constitutively activated form of STAT3 is sufficient to transform 
immortalized fibroblasts and normal epithelial cells derived from 
breast and prostate tissue (8). Most of the major human malig-
nancies manifest elevated levels of constitutively activated STAT3 
(Table 1) as well as transcriptional profiles that are consistent with 
STAT3-regulated gene expression (2, 4, 6, 7). For many cancers, 
elevated levels of activated STAT3 have been associated with a 
poor prognosis (Table 1) (2, 4, 5, 11). STAT3-activated genes block 
apoptosis, favor cell proliferation and survival, promote angiogen-
esis and metastasis, and inhibit antitumor immune responses (2, 
4–6, 12). Tumor cell lines bearing constitutively activated STAT3 
require continued STAT3 activation, a phenotype that has been 
termed “oncogene addiction” (4). In contrast, approaches that dis-
rupt STAT3 signaling lead to growth inhibition and apoptosis in 
tumor cell lines and can impair tumor growth in mouse xenograft 
cancer models (Table 1) (2, 5, 6, 9, 13–19). Although knockout of 
STAT3 leads to embryonic lethality in mice, the cumulative data 

in postnatal mice (conditional knockouts) indicates that STAT3 
may be dispensable for the function of normal cells and tissues (2, 
4). The ability of nontransformed cells to withstand inhibition of 
STAT3 signaling suggests that a potential anticancer drug that tar-
gets STAT3 might be well tolerated (2, 4).

STAT3 and STAT1 have great sequence similarity and function 
as transcription factors that bind to very similar DNA sequences, 
but in many physiological contexts, they are regulated in a recipro-
cal manner to produce opposing effects (12, 17, 20). In the cancer 
context, activated STAT3 is oncogenic, whereas activated STAT1 
behaves as a tumor suppressor (12). Therefore, the selective inhibi-
tion of STAT3, without interference in STAT1 signaling, might be 
proposed as the basis for anti-cancer drug development. However, 
in experimental situations, STAT1 and STAT3 may be functionally 
interchangeable in promoting cytokine-induced programs of gene 
expression [e.g., STAT1 on its own may affect such gene expres-
sion via the interleukin-6 receptor, whereas STAT3 may operate 
via the interferon-gamma receptor (2, 12)]. It should also be noted 
that constitutively activated STAT5, which shows little sequence 
similarity with STAT3, has also been implicated in oncogenesis (2, 
21). Here, we review approaches that have been pursued to target 
STAT3, and we highlight some of the challenges associated with 
developing an anticancer drug that might therapeutically inhibit 
the STAT3 signaling pathway.

STAT3 Domain Structure, Signaling,  
and Regulation

STAT3 is structurally typical of the STAT family: an N-terminal 
coiled-coiled domain involved in protein–protein interactions; a 
DNA binding domain; a Src homology-2 (SH-2) domain; and a 
C-terminal transactivation domain (5, 22). In the canonical STAT3 

Table 1. STAT3 in the Context of Various Cancers: Validation as an Anticancer Target

Cancers Characterized by  
Elevated STAT3 Expression  
or Activity

Poor Prognosis Linked to 
High STAT3 Levels

Upstream/Downstream 
Abnormalities of STAT3  
Signaling 

Xenograft Models 
Responsive to Inhibition  
of STAT3

Johnston PA, Grandis JR, Mol Interv. 2011 Feb; 11 (1): 18-26 

STAT3 Signaling Pathway as a 
Therapeutic Target in Cancer 
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v  Signal Transducer and Activator of Transcription 3 (STAT3). 
v  STAT3 is a proto-oncogene. 
v  Constitutively activated STAT3 (STAT3C) mediates cellular 

transformation. 
v  STAT3 up-regulates. 

u  Apoptosis inhibitor genes (Bcl-xl, Mcl-1, & Survivin). 
u  Cell-cycle regulators (cyclin D1, pim-1 and c-Myc). 

v  Activated STAT3 present in many cancers. 
u  Directs tumor cells toward proliferation and survival. 
u  Induces angiogenesis. 
u  Alters the tumor microenvironment. 
u  Promotes tumor metastases through its effect on cell migration 

and invasion. 
u  In antigen presenting cells leads to dendritic cell anergy which 

triggers T cell tolerance and suppresses the anti-tumor immune 
response. 

What is STAT3? 
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Signal Transducers and Activators of 
Transcription 

v  Seven members: 
u  STAT1, STAT2, STAT3, STAT4, 

STAT5a, STAT5b & STAT6 
u  Cytoplasmic transcription factors 

regulating cytokine  gene 
expression 
§  Interferons, IFNα/β and IFNγ 

(prototypic activators of STAT1 
& STAT2) 

§  Hematopoietic cytokines, 
Growth hormone, Receptor 
tyrosine kinases (EGF, PDGF, 
TGFα, & Insulin)  

§  Src & Tec family kinases 
u  STATs 1, 3 & 5 are each activated 

by a large number of cytokines 
u  STATs 2, 4 & 6 are activated by 

relatively few 
 

!"#$"%&'!"#$%&'%%(&)!*+,#&-)!.&,,#)!"+-+/(+00&!1!2#3,'%%'

Future Med. Chem. (2011) 3(5)568 future science group

of STAT3 in cutaneous T-cell lymphoma are 
regulated by the PP2A phosphatase [12]. Finally, 
STAT3 has been shown to undergo degrada-
tion through the ubiquitin-proteasome pathway, 
which is responsible for selective degradation 
of short-lived cellular proteins and therefore is 
critical for the regulation of many cellular pro-
cesses [10]. It was observed that an ubiquitin E3 
ligase, site-directed, ligase-independent muta-
genesis (SLIM) acts on STATs to cause their 
proteosome-mediated degradation and enhance 
their dephosphorylation [13]. 

!"#$#%"&'$()*+&,"#+-(
Signal transducer and activator of transcrip-
tion 3 is activated in a wide variety of signal-
ing systems and mediates a complex network 
of responses. They play an important role in 
numerous fundamental processes, including 
inflammation, cellular proliferation, survival, 
apoptosis, angiogenesis, transformation, inva-
sion and metastasis of cancer. STAT3 was origi-
nally identified as the acute-phase response factor 
activated by IL-6 [14] and therefore this finding 
suggests its direct link to inflammation [15,16]. 
Besides its involvement in the IL-6–gp130–
JAK pathway, STAT3 plays a role in promot-
ing many other inflammatory pathways, includ-
ing the pro-inflammatory transcription factor 

NF- B pathway [17]. In particular, the ability of 
STAT3 to inhibit inflammation was explored in 
immune cells and it was connected with tumor 
development. Indeed, STAT3 promotes tumor 
immune evasion by blocking the expression of 
pro-inflammatory cytokines and chemokines 
that are necessary for anti-tumor immune 
responses [18] and by inducing the expression of 
tumor factors that suppress immune reactions. 
Therefore, blocking STAT3 signaling in tumor 
cells leads to the production of inflammatory 
signals, which in turn activates innate immune 
cells against the tumor cells [19]. These inflam-
matory mediators can also activate dendritic 
cells (DCs), which are the crucial link between 
the innate and adaptive immune response, lead-
ing to antigen-specific T-cell activation [20]. It 
has also been found that blocking STAT3 sig-
naling in macrophages induces the expression 
of IL-12, leading to loss of immune tolerance 
and restoration of T-cell responsiveness [21]. 
STAT3 plays a crucial role in cell growth and 
survival and contributes to malignancy by pre-
venting apoptosis [22,23]. It regulates the expres-
sion of Bcl-xL and Mcl-1, which are members of 
anti-apoptotic genes of the Bcl-2 family [24,25]. 
Furthermore, STAT3 enhances the expression 
of other anti-apoptotic proteins such as sur-
vivin, a member of the family of inhibitors of 
apoptosis [26,27]. Both STAT3 and STAT5 sig-
naling is implicated in the regulation of c-Myc 
expression [28–30], required in normal cells for 
transformation by the Src oncoprotein and for 
PDGF-stimulated mitogenesis [27]. Constitutive 
activation of STAT3 causes the upregulation of 
cyclin D1 [31–34] and it differently regulates gene 
expression related to proliferation and survival 
of various kinds of tumor cells (e.g., it regu-
lates expression of tumor protein 53 [p53], a 
well-known tumor suppressor) [35,36]. Function 
of p53 can be restored in cancer cells by inhib-
iting STAT3 signaling, thereby inducing p53-
mediated cancer cell apoptosis. STAT3 directly 
activates microRNAs, miR-21 and miR-181b-1, 
which inhibit phosphatase and tensin homolog 
and cylindromatosis tumor suppressor genes, 
respectively. This downregulation leads to 
increased NF- B activity required to maintain 
the transformed state in diverse cell lines and 
tumor growth in xenografts [37]. 

It is well known that many tumors stop grow-
ing unless they are supplied with oxygen and 
nutrients from newly formed blood vessels. A 
role of activated oncogene products in stimu-
lating angiogenesis has been established [38,39]. 

Key Terms
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SH2 domain

Linker domain 

DNA binding domain 

Coiled-coil
domain

NN

C C

Figure 1. Crystal structure of N- and C-terminally truncated STAT1 
molecule bound to DNA. The structure of truncated STAT3 is virtually 
superimposable to that of STAT1 [2].
SH2: Src homology 2; STAT: Signal transducer and activator of transcription.

v  Common STAT domain structure 

v  Conserved tyrosine residue- 
Y701, Y705 or Y695 

Crystal structure of N- and C-terminally truncated STAT1 
molecule bound to DNA 

Future Med. Chem. (2011) 3(5), 567-597 

Zhuzhu Wang @ Wipf Group Page 8 of 19 8/6/2012



� 

degraded by the ubiquitin proteasome pathway.25 The Src
homology domain-containing tyrosine phosphatases 1/2 (SHP-
1/2) interact with the intracellular domain of cytokine
receptors and dephosphorylate and inactivate JAK, Stat3, and
the receptor.26,27 In addition, active Stat3 binds to the promoter
regions of suppressor of cytokine signaling (SOCS) genes.28

Similar to SHP-1/2, SOCS-1 and SOCS-3 interact with the
kinase domain of various JAK proteins or the phosphotyrosine
residues in the intracellular portion of the respective receptor,
leading to the reduction of Stat3 activation. This is another
negative feedback mechanism of the Stat3 signaling pathway
and its upstream kinases. However, SOCS-3 does not affect
SRC-induced Stat3 activation.29 Besides SHPs and SOCSs,
protein inhibitor of activated Stat3 (PIAS3) specifically inhibits
the binding of dimerized phosphorylated Stat3 to DNA, thus
abolishing the transcription of Stat3 target genes.30 Recently,
the protein tyrosine phosphatase receptor T (PTPRT) has
been shown to specifically dephosphorylate Stat3 at Tyr705
and thereby regulates its cellular localization as well as Stat3
target gene expression.31

4. STAT3 AND CANCER
Accumulating evidence in the past few years strongly implicates
the critical role of aberrant Stat3 activation in malignant
transformation and tumorigenesis. In contrast to the transient
nature of Stat3 activation in normal cells, overexpression and/
or persistent activation of Stat3 has been reported in most
human solid and hematological tumors,32 including ovarian,
endometrial, cervical, breast, colon, pancreatic, lung, brain,
renal, and prostate cancers, head and neck squamous cell
carcinoma (HNSCC), glioma, melanoma, lymphomas, and
leukemias. The expression and activation levels of Stat3 in
select cancer and normal tissues as well as cell lines are shown
in Figure 3. Stat3 is significantly expressed in some normal
tissues including pericardium, neutrophils of bone marrow,
leukocytes of peripheral blood, peritoneum, and mammary
gland (Figure 3a) and in systems including digestive tract,
kidney, bladder, hematopoietic, lung, and peripheral nervous
system (PNS) (Figure 3b), indicating that Stat3 plays an
important role in the physiological processes in these tissues

Figure 2. Stat3 signaling pathway. Upon cytokines binding to and activating respective receptors, Stat3 is recruited to the cytoplasmic domain of the
receptors, where it is phosphorylated and activated. Phosphorylated Stat3 detaches from the cell surface and forms homo- or heterodimers, which
translocate to the nucleus and regulate gene expression. Stat3 activation is negatively regulated by SOCS, PIAS, and SHP-1/2.

Journal of Medicinal Chemistry Perspective

dx.doi.org/10.1021/jm300207s | J. Med. Chem. XXXX, XXX, XXX−XXXC

Nouri Neamati et al. J. Med. Chem. ASAP 

STAT3 signaling pathway 
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mutations of the EGFR that preclude binding to monoclonal anti-
bodies or to small-molecule RTK inhibitors; alternative mutations 
may result in activation of the Ras pathway, epithelial-mesenchymal 
transition, or downstream signaling pathways (36). 

Upon activation of the IL-6 receptor, the receptor -subunit 
recruits two gp130 signal–transducing subunits to the receptor 
complex; consequently, gp130-associated JAKs (i.e., JAK1, JAK2, 
and Tyk2) become activated and thereby implement, within the 
cytoplasmic tail of gp130, pY docking sites for STAT3 (1, 22). 
Several small-molecule JAK inhibitors (e.g., AG490, LS-104, 
ICNB18424, and CEP701) have been tested in tumor xenograft 
models and some clinical trials for cancer (Table 2) (31–33). 
Both in vitro and in vivo, AG490 inhibits JAK2 activity, reduces 
activated STAT3 levels, blocks STAT3 DNA binding, and inhibits 
the growth of leukemic cells (6, 31). LS-104, a closely related 
analog of AG490, has progressed into phase II clinical trials for 
acute lymphoblastic leukemia (31). INCB1824, a small-molecule 
inhibitor of both JAK1 and JAK2, suppresses levels of phosphory-
lated STAT3 in subjects with wild-type JAK2 or with the gain-of-
function V617F JAK2 mutation, as revealed in a phase 1-2 clinical 
trial of myelofibrosis patients (31, 33). INCB1824 appears to elicit 
a clinical benefit in myelofibrosis patients while producing a mild 
myelosuppression adverse response in ten percent of patients. In 
a phase II study of CEP-701, a JAK2 inhibitor, levels of phospho-
rylated STAT3 have been reported to decrease in responders while 
on therapy, although its modest efficacy in myelofibrosis patients 
is associated with a mild myelosuppression as well as a mild but 
frequent GI toxicity (32). 

Elevated Src levels and/or kinase activity have been reported 
in a number of cancers, and activation of SFK family members 

and STAT3 occurs downstream of growth factor RTKs as well as 
GPCRs (9, 10, 30, 35). Several small-molecule inhibitors of Src 
and other SFKs are currently in clinical development for a variety 
of solid tumors (Table 1) (9). Dasatinib inhibits SFK and BCR/
ABL and has been approved for use, after imatinib treatment, in 
patients with chronic myelogenous leukemia and for Philadelphia 
chromosome–positive acute lymphoblastic leukemia (9). However, 
there are reports that sustained Src inhibition by Dasatinib 
only transiently inhibits STAT3 activation (35). Reactivation of 
STAT3 after prolonged Dasatinib treatment appears to be medi-
ated through altered JAK-STAT binding and JAK kinase activity, 
perhaps representing a compensatory pathway that allows for 
cancer survival and proliferation despite chronic Src inhibition 
(35). XL999, which inhibits a number of growth factor RTKs (e.g., 
VEGFR, PDGFR, and FGFR) and SFKs is associated with serious 
cardiovascular toxicities in phase 1 and 2 trials (9). 

The relatively modest response rates of tumors to therapeutic 
agents that target the EGFR, JAKs, and SFKs illustrate that the 
inhibition of single pathways may not be sufficient to block the 
activation of STAT3. Indeed, there is evidence that STAT3 contrib-
utes to the development of resistance to tyrosine kinase inhibitors.

Strategies to Block Protein–Protein 
Interactions in STAT3 Signaling

Several groups have synthesized pY-containing peptide sequences 
to target the STAT3 SH-2 domain as a means of precluding STAT3 
recruitment to activated receptors and STAT3 homodimerization 
(Table 2) (2, 5, 6, 14). The first pY-containing peptide investigated 
for inhibiting STAT3 activity was based on the synthesis of a pep-

Table 2. Strategies and Challenges to Therapeutic Intervention into STAT3 Signaling

Strategy Targets Examples Challenges

Inhibit phosphorylation/ 
activation of STAT3 

Inhibit intermolecular 
interactions that involve 
STAT3

Inhibit nuclear import/
export of STAT3

Inhibit STAT3-mediated 
transcription

Natural products

Johnston PA, Grandis JR, Mol Interv. 2011 Feb; 11 (1): 18-26 

Strategies and Challenges to Therapeutic 
Intervention in STAT3 Signaling 

v  Poor cellular activity and lack selectivity killed a lot STAT3 inhibitors 
identified by target based approaches such as high-throughput 
screening or virtual screening.     
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356 G. Regis et al. / Seminars in Cell & Developmental Biology 19 (2008) 351–359

Fig. 1. The importance of the balanced expression/activation of STAT1 and STAT3 in tumor settings. When STAT3 activation and/or expression overwhelm, tumor development
and maintenance are favoured: the presence of soluble factors such as IL-10 induces tolerance in the immune cells; tumor cell proliferation and survival are favoured not
only directly, but also indirectly, by the enhancement of angiogenesis and also metastatization to different anatomical sites is favoured. On the contrary, the prevalence of
STAT1 activation is fundamental to directly block cell cycle progression and induce apoptosis of cancer cells. Moreover, STAT1 favours the generation of an adequate immune
response against the tumor.

7. Conclusions

Many studies are underway to develop inhibitors of STAT3,
mainly aiming at exerting anti-tumor effects [167]. These stud-
ies are still at an early stage as the safety and efficacy of these
compounds have not been clinically evaluated yet. However, as
described in the above sections, alterations of the balanced expres-
sion and/or activation of STAT1 and STAT3 may lead to unexpected
results, since the targeted cells act in a micro-environmental con-
text where different stimuli can influence their behaviour. Thus,
care should be taken in the design of therapeutic interventions
using compounds that could unbalance the finely tuned equilib-
rium that lies at the base of STAT1:STAT3 signalling. More work
is needed to establish if re-activation of either STAT1 or STAT3 in
response to interference with the other is a general mechanism,
and to which extent it may contribute to the observed biological
outcome. However, the possibility of activating a specific STAT path-
way by interfering with the other may, under specific conditions,
provide unique therapeutic opportunities. For example, normal
resting and neoplastic T lymphocytes can become resistant to IFN!
anti-proliferative effects or even proliferate in response to it, often
due to down-regulation of the IFN!R chains [168]. Furthermore,
IFN! insensitivity has also been observed in lymphoid and non-
lymphoid tumor cell lines which constitutively express high levels
of both receptor chains [12,168–172]. These observations suggest
the involvement of mechanisms acting both upstream and down-
stream from the interaction between IFN! and its receptor. It is
conceivable that the balance between activated STAT1 and STAT3
may play a role in the phenomenon of IFN! resistance downstream
of the IFN!/IFN!R interaction. In addition, the specific responses
to gp130 cytokines and/or to IFNs could be re-directed by manip-
ulating STAT1:STAT3 balance, even in the presence of defective
IFN!R signalling. Indeed, we have recently observed that inter-
ference with STAT3 activity in IFN!-resistant human T lymphoma
cells enhances pro-apoptotic responses to IFN! and makes cells
sensitive to IL-6, which under these conditions triggers prolonged
activation of STAT1, apoptosis and impaired in vivo growth (Regis

et al., manuscript in preparation). The feasibility of this strategy
in other conditions characterized by insufficient STAT1 activation
should also be explored.
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v  The STAT3 oncogene promotes:  
Cell Proliferation 

Cell survival 
Angiogenesis 

Migration 
Metastasis 

Evasion of immunity 

v  The STAT1 tumor suppressor 
favors: 

Cell cycle arrest 
Apoptosis 

Anti-tumor immunity 
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STAT3 and STAT1 have divergent roles in 
tumogenesis 
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STAT3 inhibitors in Clinical Trials 

Nouri Neamati et al. J. Med. Chem. ASAP 

Zhuzhu Wang @ Wipf Group Page 12 of 19 8/6/2012



� 
 1st Hypothesis 

An inhibitor that selective targets STAT3, without 
affecting STAT1 signaling pathway, will act as ideal 

cancer therapeutic 

& 

pSTAT3 HCS and pSTAT1 selectivity assays in HNSCC 
cells will identify the selective STAT3 pathway 
inhibitors with improved therapeutic potential 
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High Content Screening (HCS) 
Assay 
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STAT3 HCS Plate Map 
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UPDDI 2 × ImageXpress Ultra’s (IXUs)  
v  Automated point scanning confocal 
      imager 

u  Adjustable pinhole 
v  4 laser lines 

u  405, 488, 561 & 635 nm 
v  4 objective turret 

u  Selectable in software 
u  4×, 10×, 20×, 40×, 60× & 100× 

v  4 PMT detectors 
u  Sequential / parallel acquisition 

v  CRS Catalyst express plate loader 
v  MetaXpress & AcuityXpress 
v  MDCStore database 
v  PowerCore 
v  10 Image Analysis Modules 
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pSTAT3-Y705 HCS Image Acquisition 

v  20× 0.45 NA ELWD objective 
v  IR Laser autofocus 
v  Laser excitation 

u  405, 488, 561 & 635 nm 
v  Quad filter cube 405/488/561/635 

u  417-477 nm, 496-580 nm, 553-613 nm, & 645-725 nm 
v  2 fluorescent channels acquired sequentially 

u  Hoechst channel laser autofocus Z-offset -6.98 µM, 405 laser 10% 
power, PMT gain 550 

u  pSTAT3-Y705 FITC channel Z-offset from W1 12.96 µM, 488 laser 
10% power, PMT gain 625 

v  2 images per channel per well 
v  Time to scan 384-well plate ~ 90 min 
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