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Background
Bcl11b, previously CTIP2, is a zinc finger nuclear transcription factor involved in the
development of keratinocytes, teeth, T lymphocytes, and nervous tissue. Expression of Bcl11b
has been reported in human head and neck squamous cell carcinoma (HNSCC) and increased
expression correlates with poorly differentiated tumors. This study aimed to evaluate Bcl11b
expression patterns in feline oral squamous cell carcinoma (FOSCC) with the hypothesis that
histologic grading of FOSCC would correlate with Bcl11b expression as reported in HNSCC.
Previously reported prognostic markers, including EGFR expression, Ki67, and VEGF
production were analyzed concurrently. Our hypothesis was that high Bcl11b expression would
correlate with other markers of malignancy. Our second objective was to evaluate associated
pathways upstream of Bcl11b, to determine their role in FOSCC. Since EGFR requires
interaction with Src to become fully activated and stimulate cell growth, subsequent experiments
focused exclusively on Src pathways and the effects of Src inhibition on the growth of FOSCC
cells. Our aim was to focus on activation status of the entire Bcl11b pathway, from the proximal
EGFR to the distal nuclear transcription factor Bcl11b, to determine the role of this pathway in
growth of FOSCC. We hypothesized that a Src inhibitor, dasatinib, would inhibit activation of
downstream Bcl11b.
Methods
FOSCC biopsies were assigned a histologic grade based on a modified grading scheme that
considered degree of differentiation, nuclear pleomorphism, scirrhous response, and mitotic
index. FOSCC biopsies were stained by immunohistochemistry (IHC) for Bcl11b, EGFR, Ki67,
and VEGF-D. Bcl11b, total EGFR, pEGFR, pSrc, pERK, and VEGF-D were analyzed by
western blot in FOSCC cell lines, under various conditions. Cells were grown in supplemented
medium, then serum-starved or stimulated with EGF, and then exposed to dasatinib.
Immunoprecipitation and western blotting was used to confirm phosphorylation of Bcl11b in all
three FOSCC cell lines with EGF supplementation, and following treatment with dasatinib. Cell

	
  
lines were exposed to a range of dasatinib doses (0.01-10nM) with and without EGF to determine
effects on cell viability by an MTS assay. An ELISA kit was performed to measure production of
VEGF by SCC cells and the effects of dasatinib on its production.
Principal findings
The majority (70%) of FOSCC biopsy samples were assigned an intermediate histologic grade
(24/34) based on our modified grading scheme. Bcl11b expression was moderate to strong in
79.4% (27/34) of biopsies, and samples with intense Bcl11b positive staining had a higher
number of positively staining cells (p<0.001). All samples analyzed (32/32) expressed VEGF-D,
and 18/21 samples had varying expression of EGFR. No correlation was found between Bcl11b
expression and tumor grade, Ki67, or VEGF-D. A correlation between Bcl11b score and EGFR
expression approached statistical significance (P=0.05598).
All three FOSCC cell lines expressed Bcl11b, pEGFR, pSrc, pERK, and VEGF-D. Addition of
EGF to the medium increased expression of many of these targets and partially rescued cells from
the inhibitory effects of dasatinib. Dasatinib lowered cell viability, total levels of pBcl11b and
VEGF production in FOSCC cells.
Conclusions/ Significance
This is the first description of Bcl11b expression in the cat. Its strong expression in FOSCC
strengthens the impact of FOSCC as a model of HNSCC. We have demonstrated activation, from
proximal to distal, of an important growth factor signaling pathway that triggers cell division in
FOSCC cell lines and biopsies. Phosphorylated Src serves as a major signaling hub in the middle
of this pathway, downstream from EGFR and upstream of Bcl11b, making it a strategic target.
Dasatinib decreased phosphorylation of Bcl11b in two cell lines and consistently decreased
production of VEGF, supporting its use as a direct cytotoxic agent as well as a role in reducing
tumor angiogenesis. Future studies should determine the effect of combined inhibition using
dasatinib and an EGFR or VEGFR inhibitor to minimize the protective effect EGF provides to
FOSCC cells.
Keywords
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INTRODUCTION
The intent of this study was to evaluate novel pathways in feline oral squamous cell carcinomas
to gain a better understanding of the mechanisms driving this disease that will translate into more
effective strategies for treating patients. Current literature describing molecular pathways
expressed by human Head and Neck Squamous Cell Carcinoma (HNSCC) includes Bcl11b.
Bcl11b, formerly Ctip2, has been thoroughly investigated by researchers at Oregon State
University’s School of Pharmacy for its role in HNSCC, among other diseases. We sought to
prove that Bcl11b was also expressed in Feline Oral Squamous Cell Carcinoma (FOSCC) and to
illustrate its potential role in the malignant phenotype of these cells.
The first aim of our study was to evaluate Bcl11b expression patterns in FOSCC for its
association with tumor grade, based on its utility as a biomarker for HNSCC. We hypothesized
that high grade FOSCCs would correlate with increased Bcl11b staining, making it a useful
prognostic indicator. In combination with our analysis of Bcl11b, we evaluated known prognostic
markers including EGFR, Ki67, and VEGF. We hypothesized that increased Bcl11b expression
would correlate with increased expression of other markers of poor prognosis. The nuclear
transcription factor Bcl11b becomes activated downstream of major tyrosine kinase receptors
including EGFR and VEGFR via the MAPK pathway. To evaluate activation through this
pathway we analyzed phosphorylation of EGFR, Src, Erk, and Bcl11b in FOSCC cell lines under
various experimental conditions including ligand enhanced activation or targeted inhibition. We
hypothesized that stimulation of the EGFR pathway would increase phosphorylation of
downstream targets including pSrc, pErk and pBcl11b and that treatment with the Src inhibitor,
dasatinib, would reduce downstream activation and directly inhibit FOSCC proliferation. Finally,
we evaluated VEGF and VEGF-D in FOSCC, which are known to contribute to tumor
angiogenesis and lymphangiogenesis and the role of dasatinib as an anti-angiogenic agent. We
hypothesized that EGF would enhance VEGF production by tumor cells, and that Src inhibition
would inhibit its production.
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LITERATURE REVIEW
Introduction to Feline Oral Squamous Cell Carcinoma
Feline oral squamous cell carcinoma (FOSCC) is an aggressive tumor that accounts for 70-80%
of oral malignancies in the cat. FOSCC is typically diagnosed at an advanced stage when local
control is no longer achievable. The survival time in those affected is unacceptably short, with
less than 10% of treated animals surviving 1 year from diagnosis (Liptak et al 2007). Most cats
are euthanized due to progressive local disease, however regional metastases occur in up to 31%
of patients, and distant metastasis in 10% (Soltero-Rivera et al, 2014).
Etiology
SCCs of the head and neck occur naturally in many species including human, feline, canine,
bovine, and equine. Cats develop spontaneous tumor in the oral cavity, which is the focus of our
attention. Associated risks of developing oral SCC include the use of flea collars, canned diets, or
exposure to environmental tobacco smoke (Withrow 5th ed 2012, p381). Etiology is likely multifactorial and other predisposing factors remain to be discovered.
FOSCC as a comparative disease model
FOSCCs mimic biological features of human squamous cell carcinoma of the head and neck
(HNSCC). These features include spontaneous occurrence, anatomical location, invasive local
behavior, resistance to chemotherapy, and overexpression of the epidermal growth factor receptor
(EGFR; Looper et al 2006) and cyclooxygenase-2 (COX-2; DiBernardi et al 2007,
Amirchaghmagi et al 2012). These similarities make FOSCC a potentially useful comparative
animal model (Tannehill-Gregg et al 2006).
FOSCC cell lines
Our study utilized three FOSCC cell lines, SCCF1, SCCF2, and SCCF3 all generously donated
by Dr T. Rosol at The Ohio State University. The SCCF1, SCCF2, and SCCF3 cell lines were
formed from a laryngeal SCC, a bone invasive gingival SCC, and a maxillary SCC respectively.
All cell lines have been validated by immunohistochemical (IHC) staining for cytokeratin
(Tannehill-Gregg et al 2006; Martin et al 2012). These cell lines provide an opportunity for
evaluation of molecular pathways and preclinical drug testing. Continued investigation of the
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pathways leading to this tumor’s malignant phenotype and inherit resistance to treatment is
necessary to develop effective treatments and to improve care for patients afflicted with HNSCC
and FOSCC.
Molecular Signaling Pathways
Guardian of the genome p53
p53 is a nuclear protein that is alerted when a cell undergoes various types of stress. p53 can
initiate cell cycle arrest by inducing the expression of cyclin dependent kinase inhibitors like p21,
allowing the cell time to repair before continuing through the cell cycle. If the damage to the cell
is beyond repair, p53 can induce apoptosis through the expression of pro-apoptotic proteins and
repression of anti-apoptotic proteins. p53 is produced at a high rate by normal cells, and is
broken down at an equally high rate by proteolysis so that normal cells maintain p53 at a very low
steady state. During times of physiologic stress the cell increases p53 by blocking its degradation,
allowing p53 to accumulate in the cell. P53 is the most commonly mutated gene in cancer; its loss
of function allows cells to survive that would have otherwise been forced to undergo apoptosis
(Weinberg 2nd ed 2014 p334-388). Mutations in p53 have been found in bovine, equine, and
feline SCCs (Head et al, Meuten 4th ed 2002 p401). Cats exposed to environmental tobacco
smoke are 4.5 times more likely to overexpress p53, greater than 5 years of exposure to smoke
increases the chance of p53 overexpression 7 fold compared to cats with FOSCC that live in
smoke free households (Snyder et al 2004).
Tyrosine kinase receptors
Tyrosine kinase receptors share common structural components including an extracellular Nterminal domain, hydrophobic transmembrane domain, and an intracellular C-terminal domain.
The intracellular domain contains cytosolic signaling proteins with a common Src homology
(SH2) domain (Weinberg 2nd ed 2014 p167).
Epidermal Growth Factor Receptor (EGFR)
EGFR is a tyrosine kinase receptor expressed on many types of normal cells including epithelial
cells and some mesenchymal cells. When active it initiates a strong mitogenic and anti-apoptotic
signal to the cell (Weinberg 2nd ed 2014 p845). It is thought to play a key role in the development
of at least one-third of carcinomas, frequently due to overexpression causing the receptor to act as
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oncogene. Mutations in the EGFR can result in oncogenic signaling in the absence of the ligand
(Weinberg 2nd ed 2014 p844). The epidermal growth factor (EGF) family of ligands includes:
transforming growth factor-α (TGF-α), heparin-binding EGF like growth factor (HB-EGF),
amphiregulin, betacellulin, and epiregulin. Binding of these ligands promotes receptor
dimerization of EGFR (ErbB1) and its related receptors, ErbB2 (HER2, Neu), ErbB3 (HER3),
and ErbB4 (HER4). ErbB3 lacks kinase activity and therefore must be phosphorylated by
forming a heterodimer with ErbB2 that has no ligand of its own but has strong kinase activity.
ErbB3 and ErbB4 bind neuroregulins (Weinberg 2nd ed 2014 p140).
EGFR is activated by ligand binding and autophosphorylation of its cytoplasmic tail, however it
is well established that Src, or Src family kinases, are necessary for full activation of the EGFR
(Biscardi et al, 1999). This activation can result in downstream stimulation of four major
signaling cascades: Ras/MAPK, PI3k/Akt, phospholipase-C gamma (PLC-y)- protein kinase C,
and STAT pathways. These cascades control cell proliferation, angiogenesis, invasion,
metastasis, and survival (Wheeler et al, 2009; Egloff et al, 2009). Normal epithelial cells rely on
paracrine secretion of ligands to regulate their growth. An example of this is mesenchymal cells
and tissue macrophages that secrete EGF ligands. Malignant cells can acquire the ability to
produce ligands such as EGF and TGF-α that bind receptors on their own cell membrane,
forming an autocrine loop (Weinberg 2nd ed 2014 p140-143).
HNSCCs are known to overexpress EGFR (ErbB1), while oral SCC also overexpress ErbB3
(HER3) and ErbB4 (HER4; Weinberg 2nd ed 2014 p144). EGFR is overexpressed in up to 90% of
HNSCCs (Kalyankrishna et al 2006) and increased expression levels inversely correlate with
survival time (Sok et al 2006). EGFR expression has been reported to range from 69-100% in
FOSCC, when evaluated by IHC (Looper et al 2006, Bergkvist et al 2010). EGFR expression in
FOSCC is inversely proportional to survival time (Yoshikawa et al 2012), mimicking the disease
in humans. The feline EGFR shows a high degree of homology to the canine, murine, and human
sequences. The amino acids making up the ATP binding pocket in the human EGFR are
conserved in feline EGFR making the use of human tyrosine kinase inhibitors of EGFR, such as
gefitinib, possible in FOSCC (Bergkvist et al 2011). Blocking EGFR signaling in the SCCF1
FOSCC cell line, by gefitinib or RNAi, inhibited proliferation and migration of cells (Bergkvist et
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al 2011). Combination therapy with an EGFR inhibitor, cetuximab, provides a survival advantage
for patients with HNSCC. The downside is that patients acquire resistance to EGFR inhibition by
several means including translocation of EGFR to the nucleus. Src inhibition limits nuclear
translocation in HNSCC cell lines demonstrating that Src plays a role in the translocation process.
The addition of a Src inhibitor to combination therapy may decrease acquired resistance (Li, C et
al, 2010).
Cellular-Src (c-Src)
Src is a non-receptor tyrosine kinase that participates in signaling events mediated by a variety of
growth factor receptors including EGFR (Maa et al, 1995), platelet derived growth factor receptor
(PDGFR), fibroblast growth factor receptor (FGFR) family members, G-protein coupled
receptors (GPCR), and integrin signaling (Raju et al, 2012). Src can aid in activation of growth
factor receptors by forming complexes and phosphorylating cytoplasmic tails of receptor tyrosine
kinases, like EGFR (Maa et al, 1995; Tice et al, 1999). Src can also activate growth factor
receptors through the release of ligands via G-coupled protein receptor activation, forming
autocrine and paracrine growth factor stimulation in HNSCC (Zhang et al, 2004). Elevated levels
of c-Src have been found in multiple tumor types that also overexpress EGFR (Maa et al, 1995).
c-Src serves as a major communication center between membrane receptors and downstream
pathways like MAPK and PI3 kinase (Raju et al, 2012; Egloff et al, 2008) (Figure 1, Zhang et al,
2012). Since c-Src can become activated by multiple growth factor receptors malignant
proliferation, angiogenesis, invasion, and metastasis can still be promoted in the presence of
EGFR inhibitors. Src’s central location in these signaling cascades makes it an intriguing
therapeutic target.
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Figure 1. Src family kinase. Diagram of the non-receptor tyrosine kinase Src showing its central
role in intracellular signaling cascades. Src connects receptor tyrosine kinases to key downstream
pathways. Downstream signaling leads to nuclear transcription and production of substances that
enhance angiogenesis, cell growth, survival, invasion, and metastasis. Published by Zhang et al,
2012.
Bcl11b (Ctip2)
Bcl11b, previously termed CTIP2 (chicken ovalbumin upstream promoter transcription factor
(Coup-TF) interacting protein 2), encodes a C2H2-type zinc finger nuclear transcription factor
located downstream of growth factor receptors (www.cancer-genetics.org) (Figure 2). Bcl11b is
most extensively described for its role in the development of T lymphocytes, which has guided
investigations into its pathogenic role in diseases such as acute and chronic lymphoid leukemia,
thymic lymphoma, and cutaneous T cell lymphoma (Gu et al, 2013; Li et al 2010). Bcl11b has an
essential role in development and maintenance of αβ T lymphocytes. In murine models Bcl11b-/thymocytes undergo apoptosis; in cell culture, mature T cells transform into NK cells upon
deletion of Bcl11b. Upregulation of Bcl11b in naïve T cells promotes proliferation, especially in
Th subsets (Huang et al, 2012). Immunohistochemical staining for Bcl11b has been used to
indentify tumor-infiltrating lymphocytes (Kosulin et al 2013). Bcl11b is also recognized in the
development of skin, teeth (Golonzhka et al 2009), and neurons (Arlotta et al 2008). Bcl11b has
been implicated to play a role in epidermal homeostasis and permeability barrier function
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(Golonzhka et al, 2009), epithelial cell morphogenesis, keratinocyte development, and epidermal
lipid metabolism (Wang et al, 2012).

Figure 2. Bcl11b pathway. Schematic illustrating the cellular pathway through a membrane
bound tyrosine kinase receptor, epidermal growth factor receptor EGFR, shown here. Binding of
the ligand, epidermal growth factor receptor EGF, leads to activation of the receptor via
phosphorylation (p in the triangles) of the intracellular portion of the receptor. This in turn leads
to activation of Ras, which activates its downstream partner Raf, and in turn the MAPK pathway.
Once a signal reaches the nucleus, phosphorylation of the nuclear transcription factor Bcl11b
(referred to by its previous name “Ctip2”) signals cellular proliferation. Courtesy of Stuart
Helfand, Oregon State University, Professor of Clinical Sciences at OSU College of Veterinary
Medicine.
The BCL11B gene is located at human chromosome14q32.2 and contains 4 exons with
alternatively spliced transcript variants encoding distinct isoforms (Ganguli-Indra et al 2009;
www.cancer-genetics.org, http://www.cancerindex.org/geneweb/BCL11B.htm). Those isoforms
include CTIP2L, CTIP2, and CTIP2s.
1. CTIP2L, the long form contains all 4 exons.
2. CTIP2, the regular form lacks exon 3.
3. CTIP2S, the short form lacks exons 2 and 3.
The murine BCL11B gene is located on mouse chromosome 12 and shares 88% nucleotide
homology with the human gene (Huang et al 2012). In the cat, only exons 2, 3 and part of 4 have
been assembled to date (UCSC genome browser). Feline chromosome B3.3490 for exon 2 and 3,
B3.3463 for exon 4. The entire cat Bcl11b locus is likely around 100 kb, similar to other species.
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Activation
Bcl11b is a nuclear transcription factor activated by the RAS/MAPK pathway (Figure 2). Once
phosphorylated, Bcl11b can act directly on the DNA or indirectly through a promoter to carry out
its functions (Ganguli-Indra et al 2009). RAS proteins control signaling pathways that regulate
several aspects of normal cell growth and malignant transformation. The RAS pathway is
aberrant in as many as 1/3 of human tumors due to activating mutations in the RAS genes or
alterations in upstream RTKs, or downstream signaling partners. Rational therapies targeting this
pathway may inhibit tumor growth, survival, and metastases (Downward 2003). Hyperactive Ras
or its immediate downstream partner Raf, drives increased ARF expression, which acts by
Erk/MAPK to drive p53 expression. Phosphorylated Erk frequently correlates with increased
tumor grade. Elimination of ARF by cancer cells, either by coding mutations or promoter
methylation results in suppression of p53 by Mdm2. Therefore suppression of ARF is an effective
alternative strategy for eliminating p53 in cancer cells (Weinberg 2nd ed 2014, p350-352).
Behavior
The BCL11B gene is known to be a repressor of transcription via interaction with the nucleosome
remodeling and histone deacetylases complex (NuRD) and COUP-TF. Bcl11b can suppress the
genes encoding cyclin dependent kinase inhibitors p21 and p57, promoting advancement through
the cell cycle (Huang et al 2012). Bcl11b can inhibit the promoter region of HDM2 (human
homologue of MDM2), an E3 ubiquitin ligase (Huang et al 2012). Bcl11b can function as a
transcriptional activator of IL-2 in activated T lymphocytes where it enhances T-cell
receptor/CD28-triggered NFkB activation (Huang et al 2012). Bcl11b overexpression
encourages resistance to apoptosis and therefore resistance to chemotherapy (Huang et al, 2012).
Bcl11b is a haplo-insufficient tumor suppressor gene (Huang et al, 2012) and loss of one allele
increases susceptibility to lymphoid malignancies (Huang et al, 2012). Mutations or deletions of
Bcl11b play a key role in the progression of 10-16% of acute T-cell acute lymphoblastic leukemia
in people (Go et al, 2013; Kurosawa et al 2013). Therapeutic targeting of Bcl11b may be
considered for those tumors driven by overexpression of this pathway. RNAi of Bcl11b inhibited
cell proliferation and induced apoptosis in T-ALL (Huang et al, 2011). Disruption of Bcl11b has
been reported to play a role in the development of non-lymphoid human malignancies including
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acute myelogenous leukemia (Abbas et al 2014), Ewing’s sarcoma (Wiles et al 2013), and
HNSCC (Ganguli-Indra et al 2009). Bcl11b IHC staining intensity is significantly higher in
poorly differentiated HNSCCs compared to well-differentiated tumors. Bcl11b is expressed by
HNSCC tumor initiating cells and serves as a biomarker and prognostic indicator for this disease
(Ganguli-Indra et al 2009).
Angiogenesis
Angiogenesis is one of the hallmarks of cancer (Hanahan, Weinberg 2011). As a tumor grows
beyond the diffusion distance of its oxygen supply, it must initiate angiogenesis (Hansen 2010).
Hypoxic stress can result in gene modifications that place high selection pressure on tumor cells,
promoting a more aggressive phenotype. These gene modifications are mediated by hypoxia
inducible factors (HIFs) that mediate transcription of pro-angiogenic factors, namely vascular
endothelial growth factors A-D (Hansen 2011). Vascular endothelial growth factor (VEGF) is a
key regulator of vasculogenesis and angiogenesis that binds related receptor tyrosine kinases,
VEGFR1 (Flt1), VEGFR2 (KDR/Flk1), and VEGFR3. These receptors are found on vascular
(VEGFR1, VEGFR2) and lymphatic (VEGFR3) endothelial cells and co-receptors termed
neuropilins (Koga et al, 2002). In the body a balance of pro-angiogenic factors and endogenous
anti-angiogenic substances regulates angiogenesis. The balance is tilted toward angiogenesis
when cells undergo hypoxic stress. When VEGF binds its receptor, existing blood vessels dilate
and shed pericytes, allowing direct exposure of the underlying endothelial cells to VEGF. The
endothelial cells form sprouts that grow in the direction of the VEGF stimulus. The lead cell of
the sprout is recognized by its heavy concentration of VEGFR2. In addition to stimulating
angiogenesis, VEGF encourages the release of circulating endothelial cells (CEPs) from the bone
marrow. CEPs can differentiate into mature endothelial cells aiding in the formation of new
blood vessels and produce pro-angiogenic substances favoring a pro-angiogenic environment in
the body (Tannock & Hill 5th ed 2013, p244-260).
Feline VEGF shares 94.2% homology with human VEGF, and shares a conserved binding region.
VEGF is upregulated by normal cells when they experience hypoxia, or in the presence of
cytokines such as TGF-β or TNF-α. In humans there are five isoforms of VEGF with VEGF165
being the dominant form. In normal feline tissues the predicted fVEGF polypeptide was two
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amino acid residues shorter than human VEGF165. Two fVEGF isoforms have been found,
fVEGF163 (572 bp) and a second band of 440 bp expected to be a homologue of human VEGF121
(Koga et al 2002).
Tumor cells have been shown to produce VEGF and express VEGFR, forming an autocrine loop
of receptor activation that aids in their growth and metastatic potential (Dias et al 2000). VEGF
can directly upregulate both VEGF and its receptors based on Millanta et al’s (2006) study of
feline and canine mammary carcinoma. In this study VEGF expression was correlated with highgrade tumors and short survival time. VEGF is widely known for its role in tumor angiogenesis,
lymphangiogenesis, and contributes to the leakiness of tumor vasculature (Stacker et al 2002).
HNSCC and associated stromal cells express VEGFR1, VEGFR2, and VEGFR3 (Lalla et al
2003). In HNSCC, levels of VEGF-C and VEGF-D, both ligands for VEGFR-3, have been used
to predict lymph node metastasis (Suguira et al 2009). In humans, a direct repeat element in the
gene promoter region, bound by HNF-4α and COUP-TF2 along with other transcriptional coactivators is essential for VEGF-D expression (Schafer et al, 2008). COUPTF2 interacts closely
with CTIP2 (COUPTF Interacting protein), so we speculated that CTIP2 plays a role in VEGF-D
expression and VEGF-D expression would increase when cells were placed under hypoxic stress.
Given that sustained angiogenesis is a prerequisite for tumor growth, therapeutic strategies that
reduce or block the effects of tumor-associated VEGF are currently being investigated for the
treatment of various cancers (Wypij et al 2008). Treatment with a bisphosphonate reduced VEGF
production by SCCF1 cells (Wypij et al 2008) and in patients with spontaneous FOSCC (Wypij
et al 2008). Despite the advances in targeted therapies over the last decade, clinical activity has
been less than hoped for in many tumor types. This is likely due to unexpected feedback loops
and extensive cross talk between signaling pathways such as the EGFR and VEGF(R) pathways.
Activation of EGFR increases production of tumor derived VEGF, which promotes tumor
angiogenesis and tumor cell survival. Treatment with EGFR inhibitors stimulates tumor
production of VEGF that contributes to resistance seen with EGFR targeted therapies. There is
heavy overlap in both ligand production and receptor expression in tumor cells and tumorassociated endothelial cells resulting in autocrine and intracrine signaling loops. Tyrosine kinase
inhibitors may offer a therapeutic advantage over monoclonal antibody therapy which is unable to
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block intracrine stimulation and binding of growth factors. Dual pathway inhibition with EGFR
and VEGFR inhibitors may offer better tumor control while also minimizing resistance to therapy
(Larsen et al, 2011).
Inflammatory mediators (COX, LOX)
Cyclooxygenase is a key enzyme in the production of prostaglandin. Prostaglandin inhibits
apoptosis, encourages cellular proliferation, stimulates angiogenesis, and decreases immunity.
COX-1 is expressed by a variety of tissues where it maintains homeostasis. Cyclooxygenase 2
(COX-2), the inducible form of the enzyme is only expressed in pathologic states. COX-2 plays a
role in tumorigenesis and is thought to play a role in many animal cancers (Dore 2011). COX-2
regulates the expression of several pro-angiogenic pathways and therefore treatment with a nonsteroidal anti-inflammatory may have anti-angiogenic effects.
COX-2 and 5-lipoxygenase (LOX) both play a role in inflammation and carcinogenesis. Studies
of COX-2 inhibition in smokers with oral SCC documented a decrease in prostaglandin
concentrations accompanied by an increase in products of the lipoxygenase pathway, suggesting
that SCC is able to utilize an alternate pro-inflammatory pathway in response to COX inhibition
(Duffield-Lillico et al, 2009). If clinically tolerable, dual inhibition of COX and LOX, may
increase antitumor effects. Hayes et al 2007 reported that the majority of FOSCC had <1% COX2 but extensive COX-1 expression (Hayes, et al 2007). DiBernardi et al 2007 reported strong
intensity COX-2 immunoreactivity in a small percentage (18%) of FOSCC biopsies, with the
majority of samples (65%) having only weak labeling (DiBernardi et al 2007). Hayes reported in
2007 that COX-1 distribution patterns may play a prognostic role as diffuse distribution of COX1 labeling, observed in 84% of FOSCC samples, increased the hazard ratio for survival by almost
four times (Hayes et al, 2007).
An MTT proliferation assay exposing the SCCF1 cell line to different NSAIDs including
piroxicam, tepoxalin, and the lipoxygenase inhibitor licofelone, showed that only the
lipoxygenase inhibitor had a significant impact on cell proliferation. Based on IHC, 100% of
FOSCC were positive for 5-lipoxygenase with the majority having moderate to marked
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immunoreactivity. In this study the viability of SCCF1 cells exposed to piroxicam did not differ
significantly from the control (Wakshlag et al 2011).
Sumoylation
Post translation modifications play an important role in regulating protein activity by altering
their functions. SUMO (small ubiquitin-related modifier) is a posttranslational modification
involving attachment of a SUMO group (Lee 2009). Ubiquitin and SUMO share structural
similarities, but differ in their function. Ubiquitin is mainly involved in protein degradation,
whereas SUMO is involved in localization and stabilization of transcription and chromatin
remodeling factors in the nucleus (Weinberg 2nd ed 2014, p352; Baek 2006). SUMO helps
protect the genome during mitosis when chromosomes are separated and during DNA repair.
Sumoylation regulates various functions including cell growth, proliferation, apoptosis, DNA
repair, and cell survival. The addition of SUMO to a transcription factor tends to decrease its
activity. A number of oncogenes and tumor suppressors including p53, Mdm2, and Rb undergo
sumoylation. Sumoylation or desumoylation of oncoproteins and tumor suppressor genes
contribute to tumorigenesis (Lee 2009).
Bone resorption
Oral SCC frequently invades bone and is associated with osteoclastic bone resorption. The
SCCF2 cell line showed marked osteoclastic bone resorption and expressed 50 fold more PTHrP
mRNA than SCCF3 which showed mild to moderate bone resorptive activity (Martin et al 2012).
Ki67
The nuclear protein Ki67 identifies the growth fraction of a neoplastic cell population,
representing all stages of the cell cycle (Kiupel 2013). Ki67 has been reported to provide
prognostic information in FOSCC where decreased Ki67 corresponds to increased survival times
(Bergkvist et al 2010; Yoshikawa et al, 2013).
Grading and Prognostic indicators
A grading system modified from HNSCC was recently published for FOSCC (Yoshikawa et al,
2013). In this study the only feature of the grading scheme that showed prognostic significance
was keratinization, which was surprisingly associated with shorter progression free survival
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(Yoshikawa et al, 2013). Stages of disease (Poirier et al 2013), microvessel density, EGFR
(Yoshikawa et al 2012), Ki67 (Bergkvist et al 2011), and Bmi-1 expression (Yoshikawa et al,
2014) are all inversely related to survival time in various reports of FOSCC. Tumors arising from
the cheek or tonsil achieved long-term survival in one study, showing that tumor location (Fidel
et al 2011) may have prognostic importance.
Therapy
Conventional therapy for FOSCC includes curative intent surgery when feasible, curative-intent
radiation therapy, chemotherapy, and non-steroidal anti-inflammatory drugs. Novel therapeutic
approaches for FOSCC have been published including stereotactic radiation (Yoshikawa et al
2013), accelerated radiation alone (Poirier et al 2013), or concurrent chemo-sensitization (Fidel et
al 2011), aminobisphosphonates (Wypij et al 2008), and polyamine transport inhibitors
(Skorupski et al 2011). No modality has been able to significantly improve the one-year survival
rate. Conventional therapies are similar for HNSCC where patients often undergo surgery,
radiation, and conventional chemotherapy in combination with targeted inhibitors of the
epidermal growth factor receptor (EGFR) inhibitor. Despite multi-modal therapy, local
recurrence and acquired resistance continue to be a major challenge for patients with this disease.
Non-steroidal anti-inflammatories (NSAIDs)
NSAID use after diagnosis of FOSCC reduced the hazard ratio of death by > 2 fold, but it is
unclear whether the prolonged survival was due to the analgesic, anticancer properties, or both
(Hayes et al 2007). Pharmacokinetic studies have been performed on carcinoma bearing cats
with the drug piroxicam and determined that a dose of 0.3mg/kg daily has equivalent serum halflife (15.9 hours) and average peak serum levels (948 ng/ml) as the same dose in healthy cats
(DiBernardi et al 2007). A study of piroxicam administration to cats with cancer receiving a dose
of 1mg/cat was performed to assess the safety of long-term use in this specific population.
Adverse effects occurred in a small subset of patients with the most common being an increase in
the frequency of vomiting during the first month of treatment. Cats receiving concurrent
chemotherapy had a 4.8 fold higher risk of vomiting during the first month of treatment than cats
receiving piroxicam alone. Three cats with pre-existing azotemia were included, one cat had to
be discontinued from therapy due to progressive renal disease (Bulman-Fleming et al, 2010).
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Bisphosphonates
Since bone invasion by oral SCC can contribute to patient morbidity and mortality,
bisphosphonates offer an opportunity to slow down the painful process of bone resorption.
Zoledronate exerts antineoplastic effects by inhibiting angiogenesis, tumor cell invasion, and
migration (Wypij et al 2008). Zoledronate reduced tumor growth and osteolysis but did not
prevent tumor invasion in a xenograft murine model using the SCCF2 cell line (Martin et al
2010). In vitro, Zoledronate modulated VEGF and RANKL by lowering soluble levels at low
concentrations of drug, however at high concentrations of drug expression of RANKL increased
in the SCCF1 cell line. In cats with bone-invasive SCC, treatment with Zoledronate reduced
circulating VEGF and serum C-telopeptide, a marker of bone resorption. Pamidronate was able
to decrease cell proliferation in the SCCF1 cell line in a dose-dependent manner with an IC50 of
4.2 uM. Pamidronate was administered to five cats with inoperable oral SCC; two cats had failed
prior therapy, three cats received radiation or chemotherapy concurrent with Pamidronate. Cats
received 1-4 doses of Pamidronate (1-1.5 mg/kg) every 21-28 days. Three of five cats
experienced stable disease with a progression free interval of 71-86 days (Wypij et al 2014).
Targeted therapies
EGFR inhibitors
Inhibitors of the EGFR tyrosine kinase include gefitinib (Iressa) and erlotinib (Tarceva) as well as
the monoclonal antibodies cetuximab (Erbitux), trastuzumab (Herceptin), and panitumumab.
Tyrosine kinase inhibitors block the ATP binding site on the cytoplasmic side of the receptor
tyrosine kinase. In theory tyrosine kinase inhibitors should be small enough to penetrate the
tumor interstices where larger monoclonal antibodies may not reach (Weinberg 2nd ed 2012
p845). Monoclonal antibodies target the extracellular epitope of the EGFR, and therefore may not
be effective for truncated receptors that lack an extracellular domain (Weinberg 2nd ed 2012
p846). Monoclonal antibodies block endogenous ligand from binding the receptors, inhibit
dimerization of EGFR family members, and block receptor internalization and degradation
(Wheeler et al, 2009). With either targeted therapy, cancer cells are deprived of the mitogenic
and anti-apoptotic signals provided by activation of the receptor. In many types of epithelial
cells, the continuous firing of EGFR sustains expression of anti-apoptotic Bcl-XL and, acting via
MAPK, drives phosphorylation and functional inactivation of the pro-apoptotic Bad protein
(Weinberg 2nd ed 2012 p845). Gefitinib decreases VEGF production by human SCC cells by
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decreasing HIF1α expression and decreasing phosphorylation of the transcription factor Sp1
limiting its ability to promote vegf (Pore et al, 2006).
Bergkvist et al (2011) used the tyrosine kinase inhibitor gefitinib, or RNAi to inhibit EGFR in an
in vitro study using the SCCF1 cell line. Gefitinib caused a 50% reduction in proliferation at a
dose of 5uM and decreased cell migration in a dose dependent manner. Small interfering RNAs
had the same effect on proliferation, decreased egfr mRNA levels by 55% after 24 hours, and
reduced total EGFR protein levels at 72 hours. Reductions in phosphorylation of Erk1/2 and
STAT-3 which are located downstream of the EGFR were also observed. siRNA was able to
decrease cell proliferation in a gefitinib resistant cell line, SCCF1G. When SCCF1 cells were
exposed to radiation, combination therapy with siRNA but not gefitinib had an additive benefit
(Bergkvist et al 2011). In HNSCC studies, cells requiring gefitinib doses greater than 2 uM are
considered insensitive to the drug (Sharma et al 2007).
A small percentage of cells in the SCCF1 cell line have been identified as cancer stem cells due to
their increased ability to form spheres and their resistance to radiation and chemotherapy,
including gefitinib. Long-term exposure of the SCCF1 cells to gefitinib resulted in a change in
gene expression, decreased e-cadherin, increased vimentin, fibronectin, and Snail, as well as a
change in morphologic appearance consistent with an epithelial to mesenchymal transition (Pang
et al 2012).
Src inhibitors
Dasatinib is a tyrosine kinase inhibitor of the non-receptor tyrosine kinase Src, bcr-abl, c-kit,
PDGFRα/β, and ephrin receptors (Montero et al 2011, Lin et al, 2012). Src is overexpressed in
HNSCC and plays a central role in proliferation, survival, motility, and angiogenesis. Dasatinib
was recently reported to have novel mechanisms of growth inhibition in HNSCC cell lines
through inhibition of EGFR. Increased activation of EGFR through ligand administration rescued
HNSCC cells from dasatinib-induced apoptosis and inhibition of EGFR enhanced apoptosis (Lin
et al 2012). Dasatinib was able to inhibit in vitro migration and invasion in several HNSCC cell
lines at nM concentrations through inhibition of Src and its downstream mediators of adhesion
FAK, p130, and paxillin. Dasatinib resulted in cell cycle arrest at the G1-S transition, apoptosis,
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and dephosphorylation of Rb in human HNSCC cell lines (Johnson et al 2005).
Other effects of dasatinib include alteration of the tumor microenvironment through inhibition of
osteoclastic activity (Montero et al, 2011). This may be a novel effect of dasatinib that could
improve quality of life in cats with oral SCCs, which are known to cause PTHrP mediated bone
resorption (Martin et al, 2011). Several studies have shown that dasatinib potentiates the antitumor effects of several anticancer drugs, providing encouragement to explore dasatinib in
clinical trials in combination with standard agents. Trials combining dasatinib with EGFR
inhibitors are currently being explored in various carcinomas, including HNSCC (Montero et al,
2011).
Mechanisms of acquired resistance
Src family kinases (SFKs) are highly activated in cetuximab-resistant cells and enhance EGFR
activation of HER3 and PI3k/Akt. Studies using dasatinib decreased HER3 and PI3k/Akt
activity, in addition cetuximab resistant cells were resensitized to cetuximab when treated with
dasatinib. Therefore SFKs and EGFR cooperate in acquired resistance and suggest a rationale for
combined therapy in patients with resistance to cetuximab (Wheeler et al 2009). Another
mechanism of resistance previously mentioned is translocation of EGFR to the nucleus, a process
mediated through Src, and inhibited by dasatinib.
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MATERIALS & METHODS
Biopsy selection and preparation
Biopsy samples used were archived, formalin-fixed, paraffin-embedded tissues submitted to the
Oregon State University Veterinary Diagnostic Laboratory (OSUVDL) between 2006-2012 with
a diagnosis of SCC and enough clinical information to confirm tumor location in the oral cavity.
All tissues were subjected to routine histologic review of hematoxylin and eosin (H&E) stained
slides, by an ACVP board-certified pathologist (H.G.) to verify the diagnosis. Paraffin-embedded
tissues were sectioned at 4-5 µm, mounted onto positively charged slides, and baked at 60o C for
1 hour. Slides were rehydrated through two changes of xylene, two changes of 100% ethanol, one
change of 80% ethanol, and water. High temperature antigen retrieval was performed in a
microwave pressure cooker (Viking Tender cooker) using Dako Target Retrieval Solution
(s1699) for 10 min after pressure was reached. The pressure cooker was vented slowly and the
slides were cooled at room temperature for 20 minutes. Slides were then transferred to a Dako
Autostainer and washed in TBST (Biocare Medical, TWB945M) followed by treatment with 3%
H2O2 (Sigma) in TBST for 10 min, followed by Dako serum-free protein block (x0909Dako) for
10 min and blown dry with air.
Grading scheme
All FOSCC biopsies were scored from H&E stained slides, based on modifications of a published
scheme for use in canine SCC of the tongue (Carpenter et al 2011). Scoring was based on degree
of cellular differentiation, nuclear pleomorphism, presence of a scirrhous response, and mitotic
rate. Histologic features of invasiveness were not included in the grading process due to variation
in completeness of the biopsy samples available. Cellular differentiation was scored from 1-3; 1,
= well differentiated; 2= moderately differentiated; or 3= poorly differentiated. Nuclear
pleomorphism was scored 1-3; 1= mild; 2= moderate; 3= marked. Scirrhous response was scored
0-3; 0= none; 1= mild; 2= moderate; 3= marked. Mitotic index was scored 1-3 based on the
number of mitotic figures per 10 random 400x magnified fields; 1= 0-5; 2= 6-14; 3= >15. The
added scores from the above categories were used to classify samples as Grade 1-3, Grade 1=
total score 1-4, Grade 2= total score 5-8, Grade 3= total score 9-12. All samples arose from the
oral cavity; specific location within the mouth was recorded when known.
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Cells and cell culture
Three FOSCC cell lines (SCCF1, SCCF2, SCCF3) were generously donated by Dr T. Rosol at
The Ohio State University. The SCCF1, SCCF2, and SCCF3 cell lines were all derived from
individual tumors arising from a laryngeal SCC, a bone invasive gingival SCC, and a maxillary
SCC, respectively. All cell lines were validated by positive IHC staining for cytokeratin
AE1/AE3 (Tannehill-Gregg et al 2006; Martin et al 2012). Cells were cultured in RPMI 1640
with L-glutamine and sodium pyruvate; additionally media was supplemented with 10% fetal
bovine serum, 5 mls Penicillin-Streptomycin (10,000 U/ml), and 5 mls HEPES (1M) buffer
solution (referred to as R10 media). Cells were incubated at 37˚C in humidified 5% CO2 and were
80% confluent when used for assays. For some assays cell lines were cultured in serum-starved
conditions consisting of RPMI 1640 with L-glutamine and sodium pyruvate, 5 mls PenicillinStreptomycin (10,000 U/ml), and 5 mls HEPES (1M) buffer solution (referred to as R0 media).
For western blots cell lines were cultured and split into three separate t75 flasks cultured in R10,
R10 plus 100 ng/ml EGF (R10+), or R10 plus 100ng/ml EGF overnight followed by a 1 hour
treatment with 10nM dasatinib (R10++).
Cell pellets were made from all three cell lines by expanding cells cultured in supplemented R10
medium at 37˚C in humidified 5% CO2 to confluence. Cell lines were rinsed with warm
phosphate buffered saline, and cells were detached by incubating for 5 minutes with 10x dilution
of trypsin at 37˚C. Cells were transferred into eppindorf tubes and pelleted at 400 x g for 5
minutes. Pellets were rinsed with phosphate buffered saline to remove trypsin and centrifuged
again. Phosphate buffered saline was removed replaced with 10% formalin solution and cells
were fixed for 24 hours before being placed into paraffin, and processed by the same technique
described above.
Immunohistochemistry for Bcl11b, Ki67, EGFR, VEGF-D
In a preliminary sample of biopsy specimens, IHC was performed in the lab of Ganguli-Indra
according to previously published methods, (Ganguli-Indra et al, 2009). The detection system
used for these slides resulted in positive cells staining brown (Figure 2). In the remaining
biopsies, IHC was done by the OSUVDL. Bcl11b was detected using rat anti-Ctip2 monoclonal
antibody (ab18465) diluted 1:300 in antibody diluents (s3022Dako) and applied to sections for 30
minutes at room temperature, then washed with TBST. Next, goat anti-rat IgG (Jackson
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ImmunoResearch, biotin-sp conjugate AffiniPure) was applied at a dilution of 1:500 for 30
minutes at room temperature then washed in TBST. This was followed by exposure to
horseradish peroxidase conjugated streptavidin (Vector Laboratories) for 30 minutes and washed
with TBST and distilled H2O. Chromagen nova red (Vector Laboratories) detection system was
applied for 5 minutes, then the slides were washed in distilled H2O followed by Dako
hematoxylin (s3302) diluted 1:3 in distilled H2O for 5 minutes, rinsed with distilled H2O, rinsed
in TBST to blue, run down through xylene and cover slipped. Negative controls consisted of
identically treated serial sections using antibody diluent without Ctip2 antibody in the primary
step. Positively staining cells were red (Figure 3b). Bcl11b (Ctip2) scores were based on
methods described by Ganguli-Indra et al, 2009. Staining patterns were scored as: 1= normal
basal cells only (Figure 2a); 2= basal cells and adjacent neoplastic cells (Figure 2b); 3= majority
of neoplastic cells throughout the sample staining positive (Figure 2c). Staining intensities were
also recorded, 0= no staining; 1= weak staining; 2= moderate staining; 3= intense positive
staining.
IHC for detection of the nuclear proliferation marker Ki67 employed a rabbit polyclonal antibody
(Abcam) at a dilution of 1:250 with high temp antigen retrieval, and a 30-minute incubation.
EGFR (Neomarkers AB-10) mouse monoclonal antibody was used at a dilution of 1:50 for 1 hour
at 37oC after enzyme digestion with Protease XXV (Thermoscientific) for 15 minutes at 37oC.
This IHC was done by hand (MicroProbe Capillary Gap staining system) through the primary
antibody incubation and all remaining steps completed on the Dako Autostainer universal staining
system. The Ki67 and EGFR antibodies used a MaxPoly-One Polymer HRP detection kit
(MaxVision Biosciences) for either rabbit or mouse followed by Vector Laboratories’ NovaRed
chromagen. Ki67 scoring required a minimum of 10% cell staining positive to be given a
positive score; score 0= <10% cells; score 1= a small number of ki67 positive staining cells (10<50%); score 2= moderate number of ki67 positive cells (50- <75%); score 3= majority of cells
staining positive (75-100%). EGFR staining was scored 0-4; 0= <10% positive cells; 1=10-25%;
2= 25-50%; 3= 50-75%; and 4= >75% positive cells.
Paraffin embedded tissues for IHC detection of vascular structures were sectioned at 4-5 µm,
placed on charged slides and baked at 60oC for 1 h. Slides were rehydrated through 2 changes of
xylene, 2 changes of 100% ethanol, 1 change of 80% ethanol and water. High temperature
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antigen retrieval was performed in a microwave pressure cooker (Viking Tender cooker) using
Dako Target Retrieval solution (s1699) for 10 min after pressure was achieved. The pressure
cooker was slowly vented and the container containing the slides equilibrated for 20 minutes at
room temperature. The slides were processed on a Dako Autostainer and washed in TBST
(Biocare Medical, TWB945M) followed by 3% H2O2 (Sigma) in TBST for 10 min followed by a
Dako serum-free protein block (x0909) for 10 min and air dried. The primary antibody (VEGFD- Novus Biologicals NBP-1-86865) was diluted 1:100 in Dako antibody diluent (s3022) and
applied for 30 min at room temperature. MaxPoly-One polymer HRP rabbit or mouse
(MaxVision Biosciences) was applied for 10 min at room temperature and washed in TBST. The
chromagen Nova Red (Vector Laboratories, SK-4800) was applied for 5 min and washed in dH20
followed by Dako hematoxylin (s3302) diluted 1:3 in dH20 for 5 min, rinsed in dH20, rinsed in
TBST to blue, run down through xylene and cover slipped. Dako Universal Negative ControlRabbit (N1699) was used as the negative control.
Statistical analysis
Statistical analyses were performed (A.G.), using commercially available software (R Statistical
software). A P-value <0.05 was considered statistically significant. Chi-square tests were
performed between Ctip2 expression and histological features of malignancy including tumor
grade, degree of differentiation, mitotic index, Ki67, VEGF-D, and EGFR expression.
Western blot Bcl11b (Ctip2), pSrc, pErk, pEGFR, VEGF-D
Cells were grown until 80% confluent in T75 flasks in supplemented RPMI medium (R10).
Medium was then removed a cells were exposed to various conditions including serum starvation
(R0) or serum starvation with the addition of EGF (100ng/ml). These conditions were maintained
overnight at 37C in a humidified 5% CO2 atmosphere. For experiments evaluating dasatinib,
cells were exposed to 10nM dasatinib for 60 minutes prior to protein extraction. For evaluation of
VEGF-D cells were cultured in hypoxic conditions. Cells were cultured and maintained on
standard tissue-culture treated flasks in Dulbecco’s Modified Eagle Medium/Ham’s F-12 50:50
mix (DMEM/F-12) supplemented with 10% fetal bovine serum (FBS) and 0.2% Primocin
(InvivoGen, San Diego, CA, USA). The cells were maintained under hypoxic conditions (1% O2)
at 37°C for 72 hours by adding nitrogen to the incubation. Each cell line was tested periodically
for Mycoplasma expression by qPCR. Proteins were extracted using RIPA buffer [10 mM Tris,
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1% Triton X-100, 0.5% deoxycholate, 0.1% sodium dodecyl sulfate, 150mM NaCl, 1 x Protease
Inhibitor Cocktail for mammalian cells (Sigma), 2 mM orthovanadate, and 10mM NaF (pH 8.0)].
Thirty to fifty µg of cell extracts were resolved on 12% NuPage Gel in MES (Invitrogen) buffer
and transferred to polyvinylindene fluoride (PVDF) membranes. The membranes were blocked
with TBS with 0.1% Tween-20 (TBST) and 1.5% bovine albumin followed by blotting with the
appropriate antibodies. All primary antibodies were diluted in TBST at a 1:1000 dilution: Ctip2
(Ab18465), pEGFR (Y1068), pERK (), VEGF-D (). Secondary antibodies (goat anti-mouse or
goat anti-rabbit; Santa Cruz Biotechnology) linked to HRP were diluted 1:20,000 in TBST.
Bands were detected using Supersignal West Pico (Pierce, Rockford, IL) luminal by exposure to
Kodak Biomax light film. Oral mucosa from newborn mouse jaw, tissue known to highly express
Ctip2 (Golonzhka, Metzger et al 2009) was used as a positive control for Ctip2. Actin was used
as a positive loading control for all western blots. The human breast cancer cell line MCF7 was
used as a positive control for VEGF-D expression.
Immunoblot analysis Bcl11b and phosphotyrosine
Lysates were prepared from SCCF1, SCCF2, and SCCF3 cells that had been cultured in serumenriched media and stimulated with 100ng/ml of EGF. Additional lysates were prepared from
each cell line following a 1-hour exposure to 10 nM dasatinib (“D” samples in figure). To
preserve post-translational modifications, whole cells were lysed immediately after treatment.
The samples were kept on ice with ice-cold PBS and pelleted quickly at 4 °C in a rapid detergent
lysis buffer (20 mM HEPES pH 7.4, 200 mM NaCl, 50 mM NaF, 2 mM EDTA, 10% glycerol,
0.1 mM PMSF, 1 µg/ml pepstatin A, 5 µg/ml leupeptin, 10 µM E64, and 1% SDS), followed by a
boiling water bath for 15 minutes. Denatured protein extracts were then sonicated to shear DNA
and diluted ten-fold in the same buffer lacking SDS but containing 1.1% Triton-X100. IP was
performed from this dilute extract with anti-Bcl11b and monitored for post-translational
modifications by immunoblot using a phosphothreonine antibody (Cell Signaling 9386). A
parallel sample from mouse thymocytes was prepared for use as a positive control. Anti-BCL11B
immunoprecipitates were analyzed on a 4–12% BisTris/MOPS gel (Invitrogen) and transferred to
nitrocellulose. Sample loads were adjusted to balance cell line sample pairs and thymocyte
control based on an initial immunoblot analysis (not shown). The primary antibodies were: Rat
anti-BCL11B (25B6, 0.2 µg/ml) and mouse anti-pThr (Cell Signaling #9386, 1/2000 dilution);
and the secondary antibodies were anti-rat IRDye 680LT (0.05 µg/ml) and anti-mouse IRDye
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800cw (0.2 µg/ml). Antibody incubations were in Odyssey blocking buffer + 0.2% Tween-20.
Dual channel data was recorded on an Odyssey near infrared fluorescence imager (Licor). The
anti-BCL11B signal channel is colored red and the anti-pThr signal channel is colored green. The
value of the green/red ratio represents the total amount of phosphorylated Bcl11b.
MTS assay
Cell viability was assessed using the CellTiter 96 Aqueous One Solution Cell Proliferation (MTS)
Assay (Promega, Madison, WI), as described by Walters et al, 2006. Cells suspended in RPMI
medium (R0), with and without EGF stimulation, were seeded in 96-well micro titer plates at a
density of 2500 to 10,000 cells per well and allowed to adhere overnight, at which time various
concentrations dasatinib was added. Cultures were maintained for up to 72 hours following
addition of inhibitors before cytotoxic effects were determined. Triplicate cultures of each
condition were evaluated and the mean cell viability for each condition was used for analysis. All
values were compared with controls comprised of cells cultured under identical conditions
without added inhibitors.
VEGF ELISA
A human recombinant VEGF Elisa Kit (R&D systems #DY293B) was used according to
manufacturers instructions to quantify VEGF production in the SCCF1 cell line. SCCF1 cells
were cultured in R10 media under conditions described above to 80% confluence. At that time,
medium was removed and SCCF1 were incubated over night in R0, R0 plus 100ng/ml of EGF, or
kept in fully supplemented R10. Following overnight incubation, medium was collected and
VEGF levels quantified using the VEGF ELISA Kit, per manufacturers instructions. The Kit was
used for an additional experiment where SCCF1 cells were grown to confluence in a T75 flask
with R10 media, cells were then transferred to a 96 well plate at a concentration of 100,000 cells
per well. Cells were kept in either R0 or R0 plus 100ng/ml EGF overnight in the incubator to
allow cells to attach. Each well was then exposed to a range of dasatinib doses (0-10 nM) for 1
hour.
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RESULTS
Biopsy sample characteristics and histologic grade
A total of thirty-four formalin-fixed, paraffin-embedded biopsy samples were evaluated. All
tumors were graded according to our modified grading scheme by a single pathologist, H.G. Five
tumors were classified as Grade 1 (score 3-4, Figure 4a), twenty-four as Grade 2 (score 5-8), and
five as Grade 3 (score 9-12). All tumors arose from the oral cavity, specific locations were known
for twenty-three biopsies, the remaining eleven biopsies were described as oral cavity with three
showing evidence of bone invasion. The most frequent tumor location when known was
tongue/sublingual (n=14); less frequent sites included laryngeal (n=3), mandible (n=3), maxilla
(n=1), gingival (n=1), and palatoglossal arch (n=1).
Table 1 Scoring chart for FOSCC Grading Scheme
Accession #
Diff
Nuc
Scir MI
Total
1-3
1-3
0-3
1-3
11-05565-1
0
2
0
1
3
11-06444-1
0
2
0
1
3
10-00146-1
1
2
0
1
4
10-05615-1
1
1
0
2
4
12-05645-1
1
1
0
2
4
10-12060-1
1
1
0
3
5
11-12661-1
2
1
0
2
5
12-03572-1
2
2
0
2
5
07-15970-1
2
3
0
1
6
09-13458-1
3
1
0
2
6
10-00153-1
1
1
1
3
6
10-01531-1
1
1
1
3
6
11-0448-14
1
2
1
2
6
06-07659-1
1
2
3
1
7
08-11101-1
1
1
2
3
7
10-01262
1
1
2
3
7
12-03905-1
2
3
0
2
7
09-13138-1
2
2
2
2
8
10-00148-1
1
3
2
2
8
10-01369-1
2
1
2
3
8
10-08532-1
3
3
1
1
8
10-13463-1
2
3
0
3
8
11-01089-1
2
3
0
3
8
11-04158-1
1
1
3
3
8
11-06837-1
2
3
2
1
8

Grade
1-3
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Location
Tongue
Tongue
Oral
Laryngeal
Sublingual
Sublingual
Sublingual
Sublingual
Maxilla
oral/bone
Oral
Oral
Tongue
rt mandible
Sublingual
Oral
Sublingual
Oral
Oral
Sublingual
palatoglossal arch
bone invasion
Sublingual
Bone
rt mandible
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11-12973-6
1
3
2
2
8
11-13146-1
2
2
2
2
8
12-03005-1
1
2
3
2
8
12-04907
1
3
3
1
8
10-07576-1
2
2
2
3
9
12-02628-1
2
2
3
2
9
08-07912-1
2
3
3
2
10
06-04541-1
2
3
3
3
11
09-04205-1
3
3
2
3
11
Table 1 (Continued) Scoring chart for FOSCC Grading Scheme

2
2
2
2
3
3
3
3
3

Laryngeal
Sublingual
Oral
Oral
Mandible
Gingival
sublingual
Tongue
Laryngeal

Immunohistochemistry- FOSCC biopsies
Thirty-four FOSCC biopsies were stained by IHC with antibodies against Bcl11b, thirty-three
biopsies were stained for Ki-67, thirty-two were stained for VEGF-D, and twenty-one biopsies
were stained for EGFR. Staining intensity for Bcl11b was weak in 7/34 (20.6%) of FOSCC
biopsies, moderate in 16/34 (47%) (Figure 4c), and strong in 11/34 (32.4%) (Figure 3a-c, 4b).
FOSCC biopsies had a Bcl11b staining pattern 1 in 7/34 (20.6%) of samples (Figure 3a), pattern 2
in 12/34 (35.3%) (Figure 3b), and pattern 3 in 15/34 (44.1%) (Figure 3c, 4b-c). A statistically
significant association exists between increasing Ctip2 intensity and number of positive staining
cells (P<0.001, Chi-square test, Table 3). IHC for Ki67 was negative in 1/33 (3%), low in 13/33
(39.4%), moderate in 14/33 (42.4%), and high in 5/33 (15.2%) (Figure 5a). VEGF-D expression
was strongly expressed by 14/32 (43.8%) (Figure 5b,c) of FOSCC biopsies while the remaining
18/32 (56.2%) had mild to moderate expression. EGFR reactivity was observed either on the cell
membrane, within the cytoplasm, or both. The percentage of EGFR positively staining cells was
negative in 3/21 (14.3%), low in 4/21 (19%), low/moderate (score 2) in 4/21 (19%), moderatehigh (score 3) in 4/21 (19%), and high (score 4) in 6/21 (28.6%) of tumors (n=6). There was no
correlation between expression of Bcl11b, tumor grade, Ki67, or VEGF-D. The relationship
between EGFR expression and increasing Bcl11b expression approached significance (p=0.056).
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Table 2: Scores for Bcl11b, Ki67, EGFR, VEGF-D
Accession #
Bcl11b
Bcl11b
Ki67%
% (1-3) Intensity
(1-3)
(0-3)
10-05615-1
1
1
1
11-06444-1
1
1
1
11-12973-6
1
1
1
12-04907
1
1
1
06-04541-1
1
1
2
10-01262
1
1
2
10-01369-1
1
1
3
06-07659-1
2
2
1
07-15970-1
2
2
1
12-03005-1
2
2
1
12-05645-1
2
2
1
08-07912-1
2
2
2
11-13146-1
2
2
2
12-03572-1
2
2
3
08-11101-1
2
3
1
10-00148-1
2
3
1
10-07576-1
2
3
2
10-08532-1
2
3
2
11-12661-1
2
3
2
10-13463-1
3
2
0
10-12060-1
3
2
1
12-02628-1
3
2
1
10-00146-1
3
2
2
10-01531-1
3
2
2
12-03905-1
3
2
2
09-13138-1
3
2
3
10-00153-1
3
2
3
11-01089-1
3
2
3
09-13458-1
3
3
09-04205-1
3
3
1
11-04158-1
3
3
2
11-0448-14
3
3
2
11-05565-1
3
3
2
11-06837-1
3
3
2

EGFR%
(1-4)

VEGF-D
(1-2)

1
1

1
2
1

4

1

3
3
2
3
2
0
4

4
3
0
2
0

2
4
1
4

1
4

1
2
1
2
2
2
1
1
1
2
2
1
1
2
1
2
2
1
1
1
2
1
2
2
1
1
1
2
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Table 3. Distribution of Bcl11b expression patterns and staining intensity
This table illustrates the relationship between increasing staining intensity in FOSCCs with high
numbers of positive staining cells
Bcl11b distribution
Weak staining
Moderate staining
Intense staining
score
(score 1)
(Score 2)
(score 3)
n=7
n=16
n=11
Basal cells (score 1)
7
0
0
Moderate (score 2)
0
7
5
Diffuse (score 3)
0
9
6

Figure 3a-c. Bcl11b expression patterns in FOSCC biopsies 3. (left) Tumor adjacent normal
epithelium showing strong expression of Bcl11b by keratinocytes in the basal layer. 3b. (center)
A well-differentiated FOSCC showing strong Bcl11b staining surrounding keratin pearls.
3c. (right) A moderate to poorly differentiated FOSCC showing intense diffuse expression of
Bcl11b. Immunohistochemistry and images courtesy of Ganguli-Indra, Assistant professor and
Senior Research at Oregon State University College of Pharmacy.

Figure 4a-c. Bcl11b staining patterns in FOSCC biopsies 4a. (left) H&E stained, low grade
FOSCC (Accession #11-4484) forming keratin pearls. 4b. (center) An adjacent section of
FOSCC (#11-4484) showing intense Bcl11b staining (intensity score 3) in the majority of
neoplastic cells (Bcl11b % score 3). 4c. (right) An intermediate grade FOSCC (Accession #111098) showing moderately intense Bcl11b staining (intensity score 2) in the majority of
neoplastic cells (Bcl11b % score 3).
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Figure 5a-c. Ki67 and VEGF-D expression in FOSCC biopsies. 5a. (left) An adjacent section of
the FOSCC shown in 4c (#11-1098) showing Ki67 expression in >75% of neoplastic cells (Ki67,
score 3). 5b. (center) A FOSCC biopsy (#10-148-1) showing strong positive staining for VEGFD. 5c. (right) Magnified view of a section of 5b in which you can visualize diffuse cytoplasmic
staining of VEGF-D.
Immunohistochemistry- FOSCC cell lines
FOSCC cell lines were evaluated a scored for expression of Bcl11b, EGFR, VEGF-D,
cytokeratin, and vimentin by IHC (Table 4). All three FOSCC cell lines, had moderate to intense
expression of Bcl11b. Bcl11b staining was highest in the SCCF2 cell line with the majority of
cells having strong staining intensity (Figure 6b). The SCCF1 and SCCF3 cell lines had
moderate staining with Bcl11b intensity scores of 2 (Figure 6a, c). All three cell lines showed
diffuse expression of EGFR (Figure 7a-c), VEGF-D (Figure 8a-c), and cytokeratin (Figure 9a-c).
SCCF1 and SCCF2 cell lines expressed vimentin (Figure 9d) in addition to cytokeratin.
Table 4. IHC results for Bcl11b, EGFR, VEGF-D, Cytokeratin, Vimentin in FOSCC cell lines
Bcl11b %
Bcl11b
EGFR
VEGF-D Cytokeratin Vimentin
(0-3)
Intensity
(0-4)
(0-2)
% positive % positive
(0-3)
SCCF1
2
2
4
2
100%
100%
SCCF2
3
3
4
2
100%
100%
SCCF3
2
2
4
2
100%
<10%
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Figure 6a-c. Bcl11b staining patterns in FOSCC cell lines by immunohistochemistry. Figure 6a
(left) SCCF1 cell line pellet showing moderate Bcl11b expression. Figure 6b (center) SCCF2 cell
line pellet showing strong expression of Bcl11b. Figure 6c (right) SCCF3 cell line pellet showing
moderate expression of Bcl11b. Photos taken at 100x magnification by HG.

Figure 7a-c. EGFR expression in FOSCC cell line pellets by IHC. Figure 7a (left) SCCF1, 7b
(center) SCCF2, 7c (right) SCCF3; all three FOSCC cell lines showed diffuse and strong
expression of EGFR. Photos taken at 100x magnification by HG.

Figure 8a-c. VEGF-D expression in FOSCC cell lines by IHC. Figure 8a (top left) SCCF1 cell
line, 8b Upper right) SCCF2 cell line, 8c (bottom); all three FOSCC cell lines showed strong
expression of VEGF-D in the majority of cells.
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Figure 9a-d. Cytokeratin/vimentin expression in FOSCC cell lines by IHC. 9a. SCCF1 (upper
left), 9b. SCCF2 (upper right), 9c. SCCF3 (lower left); all three FOSCC cell lines had strong
expression of cytokeratin. 9d. (lower right) SCCF2 cell lines showing strong expression of
vimentin.
Immunoblotting for Bcl11b
Western blot analysis showed strong expression of Bcl11b in the SCCF1 cell line using an antiCtip2 antibody (ab18465). The Ctip2 antibody detects a band of approximately 120 kDa in
humans. A single intense band was observed at approximately 125 kDa (Figure 10) in the feline
cells, suggesting that this antibody cross-reacted and was specific for feline Ctip2 protein.

Figure 10. Western blot expression of Bcl11b protein in SCCF1 cells. The two lanes on the left
represent SCCF1 cells grown in serum-rich and serum-starved conditions. A strong band is
present at 125 kDa, consistent with the size of the Bcl11b protein. Right lane represents the
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positive control, oral mucosa from mouse jaw known to largely express Ctip2; and an irrelevant
IgG which did not produce a band.
All three FOSCC cell lines were evaluated by immunoblot for Bcl11b and phosphotyrosine.
Analysis confirmed expression of phosphorylated Bcl11b in SCCF1, SCCF2, and SCCF3 cell
lines. The SCCF1 cell line expressed two bands similar to that seen in mouse thymocytes, which
represents both the full-length Bcl11b transcript (125 kDa) and a shorter splice variant of Bcl11b
(120 kDa) (Figure 11). In the first experiment the SCCF1 cell line had a pThr/Bcl11b ratio of
0.62. Dasatinib treatment lowered the pThr/Bcl11b ratio from 0.62 to 0.27, a 2.3 fold reduction
in pBcl11b (Figure 12a). On repeat analysis, dasatinib was unable to reduce pThr/Bcl11b (Figure
12b) with pre-treatment ratio of 0.22 increasing slightly to 0.34 following exposure to dasatinib.
Paradoxical results were observed in the SCCF2 cell line, where the pThr/Bcl11b ratio increased
from 0.48 to 0.83 following treatment with dasatinib (Figure 12a). Multiple experiments with
SCCF2 cells were unable to be performed due to a drastic reduction in the growth rate of these
cells in culture, so further experiments focused on SCCF1 and SCCF3. Initially the pThr/Bcl11b
ratio in SCCF3 cells showed minimal response to dasatinib, starting at 0.20 and decreasing to
0.17. On repeat analysis the pThr/Bcl11b ratio reduced from 2.33 to 0.83, a 2.8 fold reduction in
phosphorylation of Bcl11b (Figure 12b).

Figure 11 Immunoblot of Bcl11b expression in FOSCC cell lines
SCCF1 expresses two splice variants of Bcl11b, compared to only one at 120 kDa in SCCF3.
This mimics Bcl11b expression in mouse thymocytes (mT, positive control), representing the
regular Bcl11b (125 kDa) and the short form of Bcl11b (120 kDa). F1=SCCF1, F1D= SCCF1
treated with dasatinib, F2=SCCF2, F2D=SCCF2 treated with dasatinib, F3=SCCF3, F3D=SCCF3
treated with dasatinib
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Figure 12a-c Phosphotyrosine and Bcl11b in FOSCC cell lines. Bcl11b expression
shown in red, phosphotyrosine shown in green. The red/green ratio represents the amount of
phosphorylated Bcl11b. 12a. Shows Bcl11b and pThr expression in all 3 FOSCC cell lines. In
this experiment the pThr/Bcl11b ratio decreased following dasatinib treatment in SCCF1 and
SCCF3, while the SCCF2 cells increased pThr/Bcll1b following treatment. 12b. In this
experiment dasatinib reduced pThr/Bcl11b expression in SCCF3 cells 2.8 fold, while SCCF1
cells were uninhibited. Conditions were the same between experiments. 12c. Bar graph
representing the level of pThr/Bcl11b in the SCCF1 and SCCF3 cell lines before and after
treatment with dasatinib.
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Western blots pEGFR, pSrc, pErk, VEGF-D
The SCCF1 and SCCF3 cell lines both expressed EGFR and phosphorylated EGFR when
measured by western blot. Ligand stimulation with EGF led to increased phosphorylation of
EGFR; treatment with dasatinib further increased pEGFR (Figure 13a). All three FOSCC cell
lines expressed Src and activated pSrc (Figure 13b). Erk and pErk were expressed in all three cell
lines with the highest expression observed in SCCF2 cells. In the SCCF3 line EGF
supplementation increased phosphorylation of ERK which could be inhibited by dasatinib (Figure
13c).

Figure 13.a-c Western blot pEGFR, pSrc, VEGF-D, pErk
13a. SCCF1 and SCCF3 cells lines were probed for total EGFR and pEGFR. Stimulation with
EGF and treatment with dasatinib induced further phosphorylation of EGFR. 13b. All three cell
lines express total and pSrc. 13c. All cell lines expressed total and pErk, in SCCF3 cells pErk was
stimulated by EGF and inhibited by dasatinib.
Cells were cultured at 5% CO2 and 1% CO2, to mimic normal and hypoxic conditions. VEGF-D
was expression by all three cell lines under normal oxygen conditions, expression was increased
in all three cell lines following hypoxic stress (Figure 14a, b). Supplementation with EGF
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increased VEGF-D in SCCF1 and SCCF2 cells, but not SCCF3. Treatment of EGF stimulated
cells with dasatinib resulted in decreased VEGF-D in all cell lines (Figure 14c).

Figure 14a-c. VEGF-D expression by FOSCC cells. 14a. VEGF-d protein expression by western
blot at normal oxygen conditions (-) and hypoxic conditions (+). 14b. Densitometry from WB
illustrating how hypoxia induces expression of VEGF-D in all three cell lines. 14c. Densitometry
from WB with cells cultured under normal oxygen conditions illustrating the effect of EGF on
VEGF-D production and the effect of dasatinib treatment. R0= serum starved conditions, EGF=
100ng/ml epidermal growth factor, DAS= 10nM dasatinib
MTS assay
Dasatinib reduced cell proliferation in all FOSCC cell lines at nM concentrations (0-1.0 nM). The
addition of EGF was able to dramatically rescue cells from the anti-proliferative effects of
dasatinib in the SCCF1 and SCCF2 cell line, but had no significant protective effect in SCCF3
cells (Figure 15).
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Figure 15. Dasatinib effect on FOSCC proliferation. Dasatinib treatment reduced proliferation in
all FOSCC cell lines at nM doses. Stimulation with EGF was able to rescue SCC cells from the
inhibitory effects of dasatinib at low and mid-range doses of dasatinib. R0= serum starved
medium, EGF= 100ng/ml epidermal growth factor
VEGF ELISA
VEGF production by the SCCF1 cell line showed a 2-fold increase in VEGF production over 24hours in the presence of supplemented medium (R10). This was confirmed by culturing SCCF1
cells in serum starved conditions (R0), serum starvation with EGF, and in serum rich medium
(R10). VEGF production was significantly higher in cells provided EGF or serum, compared to
serum starved cells (Figure 16). Treatment with dasatinib had a dose dependent suppression of
VEGF production, which was partially rescued by EGF (Figure 16).
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Figure 16. VEGF production by FOSCC cells. EGF increased production of VEGF in all FOSCC
cell lines. Dasatinib overcame EGF stimulation inhibiting VEGF production in all three cell lines.
F1=SCCF1, F2=SCCF2, F3=SCCF3.
DISCUSSION
We demonstrated for the first time expression of the transcription factor Bcl11b in FOSCC. This
study validated the anti-Ctip2 antibody for use in feline tissues and revealed that the majority
(27/34, 79.4%) of FOSCCs, including FOSCC cell lines, have moderate to strong expression of
this protein with all biopsies showing at least mild reactivity. In HNSCCs, high Bcl11b
expression is associated with poorly differentiated tumors (Ganguli-Indra et al 2009). In our
group of FOSCC biopsies, no significant correlation between poorly differentiated histologic
appearance or tumor grade and increasing Bcl11b expression was detected (p=0.1112). The
FOSCC tissues used for grading and evaluation of Bcl11b in our study consisted largely of
incisional biopsies submitted by primary care veterinarians to the OSUVDL. Due to the incisional
nature of these biopsies invasiveness was not able to be assessed, potentially underestimating
tumor grade in a large number of samples. Additionally, the lack of correlation between Bcl11b
expression and tumor grade may reflect a small sample size. We did show that FOSCC tissue
with intense Bcl11b staining tended to have a diffuse staining pattern. The presence of strong
expression in a larger number of cells suggests that Bcl11b may play an important role in the
pathogenesis of those tumors.
Bcl11b is a transcription factor that may become activate following upstream activation of
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various membrane bound tyrosine kinase receptors via the MAPK pathway. A well studied
member of the MAPK pathway, RAS, is mutated in at least 30% of human malignancies
(Tannock 5 ed 2013 p177) and likely plays a role in tumorigenesis in other species. We
th

evaluated representative steps of this pathway including EGFR, Src, Erk, and Bcl11b to confirm
activation in FOSCC.
EGFR is a tyrosine kinase receptor that is widely overexpressed in HNSCCs; overexpression
enhances tumor proliferation, promotes early metastases, and serves as a poor prognostic
indicator (Chung et al 2004). In FOSCC, increasing EGFR expression is inversely related to
survival time (Yoshikawa et al 2012). In our study, there was an observed trend toward higher
Bcl11b expression in FOSCC biopsies with high EGFR expression, however a larger sample size
is needed to strengthen this observation. In SCCF1 and SCCF3 cells, treatment with dasatinib
increased expression of phosphorylated EGFR. We suspect that by blocking the products of the
Src pathway that EGFR becomes oversaturated as a compensatory mechanism to overcome Src
inhibition. EGFR is functionally related to VEGF (Tabernero et al 2007) and both are
overexpressed in HNSCC patients (Riedel et al 2000). The ligand EGF can activate both EGFR
and VEGFR (Carmeliet et al 2005), contributing to angiogenesis. Targeted EGFR inhibitors can
function as novel anti-angiogenic agents by directly down-regulating VEGF production by tumor
cells (Pore et al 2006, Hirata et al 2002). In our study cells stimulated with EGF showed
increased production of VEGF and VEGF-D. EGF enhanced phosphorylation of EGFR, Erk, and
Bcl11b. EGF contributed to the aggressive phenotype of FOSCC cells by increasing their
resistance to the anti-proliferative effects of dasatinib. The intimate relationship of these two
tyrosine kinase receptors likely explains how EGF stimulation enhanced VEGF production by
FOSCC cells in our study and provided resistance from the inhibitory effects of dasatinib. Despite
their great potential for success, EGFR inhibitors have failed to significantly improve patient
outcome. VEGF contributes to acquired resistance following treatment with EGFR inhibitors
(Tabernero et al 2007). HNSCCs rapidly acquired resistance to EGFR inhibition through receptor
mutation and redundancy in growth pathways. Resistance to small molecule inhibitors is a major
clinical problem, which may be alleviated with select combination therapy. Combination therapy
aimed at both the EGFR and VEGFR, or other pathways known to promote tumorigenesis may be
advantageous. Combined therapies that have synergistic cytotoxicity in carcinoma cell lines
include combined EGFR and VEGF inhibition (Yu et al 2009), platinum chemotherapy combined
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with VEGFR inhibitors (Schultz et al 2011), or Src inhibitors (Johnson et al 2005).
Dasatinib inhibits growth of HNSCC cells through inhibition of EGFR. In those experiments
activation of EGFR through ligand administration rescued HNSCC cells from dasatinib induced
apoptosis (Lin et al 2012). We showed that dasatinib can inhibit growth of FOSCC cells and that
stimulation with EGF can partially rescue cells from this inhibition. This represents another
similarity between FOSCC and HNSCC, continuing to provide evidence supporting the study of
FOSCC as a comparative model for HNSCC. In our experiment dasatinib enhanced expression
of pEGFR suggesting its activity in FOSCC cells is distal to EGFR. EGFR may become
hyperphosphorylated to compensate for Src blockade since EGFR requires interaction with Src to
become fully activated. Our results implicate an effect of dasatinib that could have interrupted
EGFR signaling while EGFR remained phosphorylated. Inhibition of EGFR in combination with
dasatinib may enhance apoptosis in FOSCC, similar to that reported in HNSCC (Lin et al, 2012).
We showed that dasatinib could alter the tumor microenvironment through inhibition of VEGF
(VEGF-A) and VEGF-D. By reducing both vascular and lymphatic pro-angiogenic factors
dasatinib treatment could reduce tumor growth and lymphatic metastases. A complex including
COUP-TF1 (closely related to Bcl11b, previously termed CTIP2 or COUP TF-interacting
protein-2) and hepatocyte nuclear factor 4α has a regulatory role in activation of the VEGF-D
gene promoter (Schafer et al 2008). Expression of VEGF-C and VEGF-D along with their
receptor VEGFR-3 correlates with metastasis, tissue invasion, and poor prognosis in solid tumors
(Duff et al 2003). VEGF-C and VEGF-D modulate the production of prostaglandin.
Prostaglandin results in dilation of vessels and increased lymphatic vessel density (LVD)
promoting lymphatic metastasis (Sugiura et al 2009). Serum levels of VEGF-D in HNSCC
patients can predict the likelihood of lymph node metastases (Sugiura et al 2009). We found that
FOSCC’s produce large amounts of VEGF and VEGF-D. The expression of VEGF and VEGF-D
could be enhanced experimentally by stimulation with EGF or by exposing cell to hypoxic stress.
Therapy targeting VEGF or prostaglandin may be useful in the management of FOSCC by
minimizing VEGF-D induced lymphatic dilation and metastases (Karnezis et al 2012). Lymphatic
metastases occur in approximately 1/3 of FOSCC and are associated with shorter survival times
(Soltero-Rivera et al 2014).
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An incidental finding was that SCCF1 and SCCF3 appear to be sumoylated. This prediction is
based on the ladder of slowly migrating Bcl11B bands between 130 and 250 kDa which mimic
previously observed Bcl11b sumoylation pattern in mouse thymocytes (Figure 12a,b green).
Other modification such as ubiquitination is possible. This was unexpected, as these samples
were not treated in a manner that would preserve this modification from the highly active
desumoylating isopeptidases. A possible explanation is that these FOSCC cells have very low
levels of desumoylating enzymes and that the SUMO/deSUMO cycle is dysregulated, possibly
contributing to carcinogenesis.
This study revealed a novel transcription factor, Bcl11b, expressed by FOSCC. We showed that
dasatinib could inhibit FOSCC proliferation, angiogenesis, and phosphorylation of Bcl11b.
Continued investigation into the molecular pathways driving FOSCC is of great necessity in order
to improve the outcome for cats afflicted with this disease. Combination therapy utilizing
appropriately selected tyrosine kinase inhibitors may improve tumor responses while slowing
acquired resistance. To date there is no data on efficacy of targeted therapies for FOSCC. This
study provides preclinical data demonstrating dasatinib as a novel strategy for treatment of this
disease. Studies to date evaluating the role of dasatinib in the field of veterinary oncology are
limited but include an in vivo pharmacokinetics study in dogs (Pang et al, 2013), canine
osteosarcoma (Davis et al, 2013), in vitro studies of canine and feline malignant mast cells
(Gleixner et al, 2007, Hadzijusufovic et al, 2009), canine hemangiosarcoma (Dickerson et al,
2013), and canine histiocytic sarcoma (Ito et al, 2013).
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