Chapter 12

Preclinical Models of Head and Neck Squamous Cell Carcinoma

Michiel W.M.van den Brekel, C.L. Zuur, Stephen P. Malkoski, and Xiao-Jing Wang

Abstract Model systems are irreplaceable to study cancer.
Although the best model system is human cancer in man,
research in patients is restricted by ethical and financial
restraints. Furthermore, experiments cannot be repeated and
patient numbers are limited. Tumor cell cultures are the most
versatile system to study cancer cells. They allow for repeated
experiments in controlled conditions, are relatively inexpen-
sive and are ideal to study genes, pathways, and tumor
response. Mouse models enable to study cancer behavior and
carcinogenesis in vivo and many different model systems are
available. Apart from xenografts in immune compromised
mice, transplantation of oral mice tumors in syngeneic mice,
animals developing oral cancer using carcinogen exposure
and genetically modified mice can be used. All these models,
however, have advantages and limitations that will be dis-
cussed in this chapter.
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Head and neck squamous cell carcinomas (HNSCCs) repre-
sent 3-5% of all newly diagnosed cancers each year in the
western world with 5-year survival rates in the order of
25-95% depending on disease site and stage. The limited
survival rates in most patients indicate the need for novel
treatment strategies with new potent drugs. In addition, these
survival rates yield a widely divergent individual response of
similar histopathological cancers to the applied treatment
regimen. Currently, the decision on therapy relies mainly on
the outcome of both retrospective data as well as various
well-performed prospective trials and meta-analyses.
However, so far no prospective trial has been conducted
using biomarkers for treatment selection and thus we have
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not been able to stratify patients based on individual tumor
properties since knowledge regarding the biological basis of
variations in tumor response to chemotherapeutics was and
is still limited.

HNSCC:s are characterized by a rather large genetic diver-
sity, possibly caused by the long duration of carcinogenic
exposure and the genetic instability of most head and neck
carcinomas [1]. However, several pathways are almost
always invariably involved in carcinogenesis, such as the
P53 and INK4a pathways [2, 3]. The fact that these tumors
are genetically highly heterogeneous and instable has ham-
pered the development of drugs specifically targeting path-
ways relevant in head and neck cancer. So far, only the
inhibition of the EGFR receptor has proven to have clinical
benefit for a subpopulation of head and neck cancer patients,
especially when combined to radiotherapy [4]. However, in
preclinical models, several other targeted therapies have
shown promising results, such as drugs targeting phospho-
inositol (PI)-3-kinase—AKT, insulin-like growth receptor,
BCL2, MET, and several others [5-8].

Although the role of human papilloma virus (HPV) was
postulated a long time ago, only recently it was recognized
that HNSCCs can be divided really into those that are and
those that are not associated with HPV [9]. The HPV 16 pap-
illomavirus oncogenes E6 and E7 have been detected in HPV
genomes in HNSCC and its oncoproteins are known for their
ability to bind and inactivate tumor suppressor proteins p53
and retinoblastoma (pRb) [10]. Tumors with HPV infection
occur at a younger age, are less related to smoking and alco-
hol and do not have P53 mutations or loss of P16 (INK4a)
function by mutations, deletions, or methylation. Instead,
these pathways are deregulated by the E4 and E6 proteins
expressed by the virus [11]. HPV status does not only predict
treatment outcome, but likely, should also be used to guide
treatment [12]. However, as stated above, at the moment we
lack the knowledge and reliable trials to personalize treat-
ment regimens in HNSCC.

Studying cancer in humans poses enormous ethical, finan-
cial, and practical hurdles, due to the limited number of
patients and tumor material, the enormous costs, and the
ethical dilemmas in clinical research. Therefore, preclinical
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models are an important tool for exploring tumor initiation
and progression, cancer genetics, and novel therapeutic
approaches. A variety of HNSCC model systems have been
developed, including cancer cell lines derived from human
HNSCC, exposure of animals to oral carcinogens, and genet-
ically engineered mouse models (GEMMs). Each system has
important strengths and weaknesses that must be appreciated
to interpret data derived from these models. To maximize
clinical relevance, model systems should resemble human
HNSCC as closely as possible. For example, cell lines should
harbor the genetic and epigenetic alterations common to
HNSCC and carcinogen exposures should mimic the routes
and chemicals associated with human HNSCC. Similarly,
GEMMs should examine the genetic alterations frequently
observed in human HNSCC. To overcome the intrinsic limi-
tations of a given model, results should be validated by mul-
tiple approaches in different systems; however, ultimately,
all results obtained in model systems must be validated in
human samples or subjects.

HNSCC Cell Lines

Cancer cell lines are the most versatile model system wherein
cancer cells can be characterized and even manipulated
genetically. Genetic manipulation techniques have enabled
us to study the influence of specific genetic abnormalities or
correction of these abnormalities on tumorigenesis, tumor
behavior, or treatment response [5]. Using these techniques,
one can study human genes in mouse cell lines as, e.g., the
influence of known mutagens on human P53 [13]. In addi-
tion, it has been shown that differences in response can be
attributed to differences in the genetic make-up of HNSCC
cell lines, them being either HPV positive or negative [8] and
Li et al. showed that by blocking SRC kinase, cetuximab
resistant tumors can become sensitive again [14]. Such
experiments, that can only be done using well-characterized
cancers, can give us insights that in the near future may lead
to more individualized and more effective treatment proto-
cols. Although in HNSCC the routine use of molecular mark-
ers for treatment selection is not established yet, in several
other tumor types such as breast, colon, and lung, this molec-
ular knowledge has already been translated into important
predictive assays used in treatment selection [15, 16].
Currently, there is a strong urge to find, validate, and imple-
ment markers for a more individualized treatment selection
in HNSCC.

A major advantage of cell lines is that experiments can be
done within several days and are relatively inexpensive.
Using cell lines, the same tumors can be tested over and
over again with multiple new drugs, combinations of drugs,
or genetic interventions. This enables testing numerous

radiotherapy doses or drugs on the same tumor as well as the
mechanisms or conditions by which tumors become resistant
to treatment. These mechanisms can then be targeted to avoid
resistance. For instance, in human HNSCCs, ligand activa-
tion of the epidermal growth factor receptor (EGFR) leads to
downstream signaling of several prosurvival cascades (path-
ways) eventually promoting cell proliferation, angiogenesis,
invasion, and metastasis. Therefore, EGFR is one of the most
promising molecular targets in cancer therapy. Recently, Li
et al. described several mechanisms of acquired resistance of
SCC to cetuximab (an EGFR-blocking antibody) and per-
formed research to investigate the role of nEGFR (EGFR
translocated from plasma membrane to nucleus) in this phe-
nomenon using nonsmall cell lung carcinoma cell lines. In
these cells, an increased Src family kinase (SFK) activity
was found, linked to the translocation of the EGFR to the
nucleus, suggesting that a combined modality treatment regi-
men of blocking SFKs together with cetuximab may be a
future clinical trial treatment design for patients with EGFR
resistant tumors [14]. In the field of studying radiotherapy
and radiosensitization in head and neck cancer, much work
has been done using cell lines [17]. It has been shown that
hypoxia, DNA repair, and repopulation, as well as intrinsic
tumor cell characteristics play an important role in radiore-
sistance [18, 19].

The role of HPV has also been studied in head and neck
cell lines. Mouse tonsil epithelial cell lines (MTECs) become
immortalized by HPV 16 E6-E7 transfection and allow for
extensive research to determine what viral genes are required
for this immortalization and anchorage-independent growth
and, eventually, malignant growth in vivo. Hoover et al. in
2007 reported that HPV viral oncogenes alone were indeed
sufficient to induce anchorage-independent growth of
MTEC:S in vitro, but additional H-ras oncogene expression
was needed to form invasive cancers in vivo [20].

However, cancer cell lines also have critical limitations.
Most importantly, they represent a homogeneous clonal pop-
ulation capable of growing in vitro; in fact, the majority of
individual tumors and cancer cells within an individual tumor
are incapable of growing in tissue culture. Hence, cultured
cells typically fail to reflect the genetic heterogeneity of the
native tumor from which they were derived. Interestingly,
patients whose tumors can establish cell lines have worse
clinical prognosis [21], suggesting that characteristics sup-
porting in vitro growth are indicative of aggressive tumor
behavior in vivo. Furthermore, as cells are passaged, there is
increased selective pressure for in vitro growth and after
many passages, cultured cancer cells may differ from the
original tumor from which they were derived. For example,
tumor lines and native tumors may exhibit different chemo-
sensitivity patterns and this can be influenced by the number
of in vitro passages [22-24]. Culture conditions can also
influence the responses to cytotoxic therapies; e.g., cells
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grown as anchorage-independent spheroids can have different
responses to cytotoxic agents than the same cells grown as
anchorage-dependent monolayers [25]. Accordingly, cell
lines cannot be used to predict treatment response in indi-
vidual patients [26]. Many of these issues have potentially
been accentuated in HNSCC as there is a relative paucity of
well characterized lines [21, 27], and a lack of standardized
tissue culture techniques that can limit reproducibility
[28-34]. A final important limitation of cultured cells is an
inability to study the interactions between tumor epithelial
cells and key components of the tumor stroma, including
fibroblasts, immune cells, and the vasculature.

Despite these limitations, much of our basic mechanistic
understanding of the roles of specific molecules has been
derived from cell culture data. Perhaps the best successful
example of basic biologic understanding directly improving
cancer outcome occurred in chronic myelogenous leukemia
(CML) where the observation that inhibition of the bcr—abl
fusion protein reduced growth of leukemic cell lines led
to the successful clinical deployment of imatinib [35, 36].
Unfortunately, because HNSCC appears to be more geneti-
cally heterogeneous than CML, HNSCC may not be suscepti-
ble to inhibition of a single oncogenic pathway [1]. It is
probable that using a combination of drugs, inhibiting several
pathways, such as EGFR inhibitors in combination with, e.g.,
blockade of the PI-3-kinase—AKT pathway, insulin-like growth
factor receptor (IGFR), BCL2, or cMET holds promise for the
future and has been studied in preclinical models [5-8].

Although cell lines are the optimal system to study path-
ways and the role of specific genes for carcinogenesis and
treatment response, it has proven very difficult to find reliable
markers from cell line experiments. We recently studied
radioresistance in cell lines obtained from Grenman in Turku
(Finland) and made a gene expression profile correlating with
radiosensitivity [19, 37, 38]. Unfortunately, this expression
profile was not predictive of local control after radiotherapy
of laryngeal cancer in patients. This again shows the diffi-
culty of extrapolating in vitro findings to clinical practice.

Short Term Cultures

As cell lines are difficult to establish, as they represent only
a fraction of a tumor and as in every passage additional
genetic changes occur, cell lines cannot be used to guide
treatment of an individual patient. To augment individual treat-
ment planning, short-term culturing techniques are used.
In this technique, a small tissue biopsy sample that includes
both tumor epithelial cells and tumor stromal cells (e.g.,
fibroblasts) is cultured and then tested for sensitivity to che-
motherapeutic agents in vitro. In this setting, it appears that
a single biopsy (100 mg) sample is representative of the

Fig.12.1 Digital immunofluoroscopy of short-term cultured cells from
a oropharyngeal carcinoma A tumor cell and fibroblast are shown (64x).
Staining: cell nucleus: Hoechst staining double-stranded DNA (blue);
cell actin: Alexa Fluor® 568 phalloidin (red); SCC cytokeratin: Mouse
anti-human pan Cytokeratin and Alexa Fluor® anti-mouse IgG 568
(green)

entire tumor with respect to chemoresponsiveness [39] and
that coculture of tumor and stromal cells increases the pre-
dictive value of this assay [40] (Fig. 12.1). One technical dif-
ficulty of this approach is the overgrowth of the fibroblast
subpopulation; however, this can be overcome by avoiding
enzymatic digestion and allowing both tumor epithelial and
stromal cells to grow out of multicellular tumor particles.
Short-term cultures can also be grown on a collagen sponge-
gel-supported matrix to maintain tissue architecture and
facilitate cell—cell interactions that may be important in che-
motherapy response. Using these systems, a culture suffi-
cient for in vitro drug testing can be established 80% of the
time [41, 42] and in vitro testing can occur within a few days.
In addition, short-term cultures can be subsequently used to
establish xenograft models if desired (see below) [43].

In these experiments, the typical read out is cell count or
proliferation after treatment with a cytotoxic agent [40, 44, 45],
however, qualitative data, such as cell cycle arrest, differen-
tiation, and morphology can also be collected to assess the
specific response of the tumor and stroma cells to the (cancer)
drug applied. For mass screening the HTS immunofluores-
cent automated microscopy with high-content imaging is
possible using the CellProfiler program [46].

The tumor clonogenic assay is one of the most intensely
studied in vitro methods for chemosensitivity testing and eval-
uates colony formation of cancer (stem) cells with the poten-
tial for anchorage-independent growth in semisolid media in
which individual cells develop into colonies. Comparing
response to drugs in this clonogenic assay and in patients,
Fiebig et al. found that 62% of the comparisons for drug sen-
sitivity and 92% of the comparisons for drug resistance were
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correct [41]. In further experiments in head and neck cancer
using the histoculture drug-response assay, the correlation
between clinical response to induction chemotherapy and the
prediction in the assay was almost 78% [45].

An alternative method for short-term cultures is a colla-
gen sponge-gel-supported histoculture in which tissue archi-
tecture is maintained. The architecture allows more cell—cell
interaction which might be important in chemotherapy
response. A histoculture drug response assay for individual-
izing chemotherapy has been developed and proved to be
very predictive. As an end-point, the MTT assay can be used
[40, 44, 45]. Comparison between all these culture methods
has not been performed.

Although small patient numbers were used, primary
tumor cell culture models have been shown to predict the
individual tumor sensitivity for different cancer drugs
[45, 47-49]. However, there are so far no phase III studies
demonstrating a significant increase in survival rates com-
pared to empirically determined standard chemotherapy
regimens. Therefore, the tissue culture has not yet found a
routine role in the individualization of patient therapy.

Xenograft Mouse Models

Another approach for amplifying, studying, and testing
tumors in vivo is to subcutaneously implant human cancers
into immunologically compromised nude or SCID mice.
Depending on the original tumor subsite (oral cavity, orophar-
ynx, larynx, and hypopharynx), 70-80% of the patient
HNSCCs were successfully xenografted and short-term cul-
tured in the mouse [43]. Once established, the system allows
for in vivo testing of novel cancer drugs, as studying the
response of human tumors in subcutaneous, e.g., ectopic tis-
sue sites of the mouse to the various cancer drugs applied
may produce relevant and predictive information to the
clinic, provided that pharmacokinetic parameters (especially
dosing) are employed. Alternatively, orthotopic transplanta-
tion is suggested to facilitate metastatic spread thereby
increasing the models’ clinical predictive value as various
drugs can then be tested on either (or both) the primary tumor
growing in a physiologically relevant site and distant meta-
static disease, especially in case therapy is initiated at the
point when metastases are macroscopic in nature [50].

To study the changes in gene expression with transforma-
tion and metastatic tumor progression of squamous cell car-
cinomas, oral tumors and cell lines derived from mice were
transplanted into inbred syngeneic recipients [51]. Other
examples include the oral SCC VII/SF cell line (from C3H/
HeJ mice) and the transformed PAM 212 cell line (from
BALB/c keratinocytes) [52] and similar models have been
described using a hamster buccal pouch carcinoma of rat oral

carcinoma [53, 54]. In addition, tumor cell lines can be
manipulated ex vivo then transplanted to study the roles of
specific molecules or pathways during tumor progression
and metastases. For example, while induction of HPV genes
E6 and E7 can immortalize mouse tonsil epithelial cells
in vitro, additional H-ras transduction is necessary to form
invasive cancers [20].

Compared to cell lines, direct xenograft mouse models
preserve key features that cells in culture derived from the
same tumor samples irreversibly lose [55], perhaps by pre-
serving the human stroma and immune cells important for
tumor growth and metastases [56].

Xenografts derived directly from patient biopsies, with
minimal in vitro manipulation, appear to retain better the
morphological and molecular marker of the source tumors,
despite serial passing across several generations of mice
[57]. In addition, human tumors can be serially transplanted
into other immunocompromised mice providing additional
tumor material for downstream molecular or cellular analy-
sis or additional tumor-bearing mice for in vivo testing of
therapeutic compounds. These systems may be better suited
for studying invasiveness and metastases than cell culture
systems [58—60], particularly if coupled with evolving imag-
ing techniques such as micro PET-CT.

However, because the xenograft model involves implant-
ing human tumors cells, it cannot be used to study early stage
carcinogenesis, tumor initiation, or chemoprevention. Also,
when tumors are transplanted they will still require angio-
genesis and supporting tumor stroma from the murine host,
and as recipient mice are immunocompromised, this model
is not suitable for evaluating tumor immunology. Moreover,
agent metabolism and pharmacodynamics are different in
mice, and, as with immortalized cell lines, serial passaging
of tumor xenografts can change the tumor characteristics by
selecting for tumor cell populations suited to growing in an
immunocompromised host [61, 62]. Finally, compared to
experiments with cell lines, xenografting experiments are
more time-consuming and expensive.

Cancer Induction by Chemical Carcinogens

Mice, rats, and hamsters can be exposed to carcinogens to
induce cancer. Although exposures can be laborious and time-
consuming, these models are especially useful to study car-
cinogenesis and chemopreventive strategies as there is usually
a long latency between exposure and tumor development and
animals frequently develop premalignant lesions [63].
Depending on the mutagen, exposure route, and dose, oral
tumors with different genetic alterations and behaviors can be
produced. Like human HNSCC, chemically induced HNSCC
harbor a variety of genetic lesions, however, chemically
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induced tumors are typically more homogenous than their
human counterparts as animals are only exposed to one car-
cinogen that produces characteristic genetic alterations as
opposed to being exposed to a complex mixture of com-
pounds each with different genotoxic effects (i.e., cigarette
smoke) [64, 65]. Finally by applying carcinogenesis proto-
cols to genetically engineered mice, the specific roles of mol-
ecules and pathways in promoting or inhibiting tumor
initiation, growth, or metastases can be assessed.

One well-characterized HNSCC model is application of
the H-ras mutagen 7,12-dimethylbenz(a)anthracene (DMBA)
to the hamster buccal pouch [66, 67]. In this model, oral
DMBA is applied three times weekly for 10-24 weeks.
Squamous cell carcinomas will occur in the majority of the
hamsters, and lymph node metastases are sometimes found
[68]. Because these tumors are almost all H-ras initiated,
they do not typically have the genetic instability seen in
human HNSCC where chromosome breaks and aneuploidy
are frequent. Nonetheless, this is a clinically relevant genetic
alteration as HNSCC arising in Asian patients is frequently
initiated by activated Ras signaling [69]. One downside of
this model is that the tools and reagents for hamsters are
more limited than those for mice, however, DMBA can also
be used to induce skin SCC in mice (when combined with
tumor promotion by a phorbol ester) or to induce oral SCC
in genetically susceptible animals [70]. Although DMBA is
not a tobacco carcinogen, it is a convenient way of introduc-
ing H-ras mutations to the oral epithelium to evaluate the
interactions of other experimental systems on Ras-initiated
tumors.

In a study of Chang et al. in 2000, N-methyl-N-
benzylnitrosamine (MBN) was applied to hamster buccal
pouches to characterize the MBN-induced tumors with
regard to the frequency of p53 and H-ras mutations, as these
are among the specific molecular alterations observed in
human HNSCCs [71]. In this analysis, the alterations in p53,
H-ras, and telomerase activity observed in the model are
similar in many respects to the analogous human lesions of
the head and neck, suggesting that this model system may be
particularly useful for the development of cancer chemopre-
vention regimens and cancer therapies.

Rats and mice also develop oral squamous cell carcinomas
after application of the chemical carcinogen 4-nitroquinoline
N-oxide (4-NQO) for 2—-6 months in their drinking water
or application in a concentrated solution to the oral cavity
for 12-16 weeks [72]. 4-NQO, although not a natural tobacco
derivative, causes a spectrum of DNA damage similar to that
caused by tobacco-associated carcinogens. In addition, in
pS53 transgenic mice, the incidence of oral cancer was
increased from O to 67% when treated with 4-NQO thrice
weekly for 16 weeks and a maximum follow-up of 32 weeks
[73]. Also in HPV16-transgenic mice treated with 4-NQO,
the incidence of SCC was increased significantly compared

to their nontransgenic counterparts and histopathological
analyses demonstrated progressive neoplastic disease in the
oral cavity with remarkable similarities to human HPV-
positive HNSCC. Using this model, the investigators reported
to have identified a biomarker that distinguishes between
HPV-positive and HPV-negative HNSCC [74].

The 4-NQO-induced cancer model has also been used to
induce salivary gland cancer [75]. Furthermore, other car-
cinogens can be used, such as benzo[a]pyrene (B[a]P),
N-nitroso-N-methylurea (NMU), 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK), or nitrosonornicotine (NNN).
The oral cavity of hamsters, rats, and mice or the skin of
these animals can be used to induce cancer [65, 76, 77].

As these animals first develop premalignant lesions, these
models are especially useful to study inhibitory (chemopre-
ventive) or promoting stimuli. It has been shown that DMBA-
induced carcinogenesis in the hamster cheek pouch can be
counteracted by long-term (18 weeks) topical application of
GW2974, a dual inhibitor of EGFR and ErbB2 tyrosine
kinase, decreasing the incidence, number, and size of both
visible tumors and microscopic lesions such as hyperplasia,
dysplasia, and SCC significantly [78]. In another study, cele-
coxib (a highly selective inhibitor of cyclooxygenase (COX)-2,
known to be overexpressed in human (pre)malignant oral
lesions) was applied for 7 weeks in the oral cavity of ham-
sters after they were painted for 5 weeks with DMBA.
Celecoxib was effective in delaying the onset of early lesions
and able to slow down the growth of the oral tumor [79]. The
antilipidperoxidative and antioxidant potential of curcumin
and piperine were reported to be crucial in the biochemical
mechanistic pathway of their chemoprevention in DMBA-
induced oral carcinogenesis [80, 81].

A major improvement of using carcinogen induced can-
cer has been made by using these carcinogens in genetically
predisposed mice of cell lines, such as the P53 knock-out
mice, or the HPV 16 E-E7 transfected immortalized oral cell
lines [73, 74, 82]. Using carcinogens in these models causes
cancer or transformation in a much faster and controlled way
[83]. Using this model system, one can study the role of dif-
ferent genes on carcinogenesis. Apart from P53, also
Xeroderma pigmentosa A (XPA) knock-out or cycline D1
overexpression have been shown to increase and accelerate
oral cancer formation in 4-NQO-treated mice [84, 85].

Transgenic Mouse Models

GEMMs have been an enormous step forward for cancer
modeling and allow evaluation of discrete genetic alterations
in specific organs in vivo in an immunocompetent animal.
Additional benefits of GEMMs include the ability to evalu-
ate how multiple genetic defects interact to promote or inhibit
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cancer and the opportunity to evaluate whether specific
targeted therapies are active against tumors with a defined
genetic composition. Drawbacks are that human cancers are
more genetically complex and heterogeneous than tumors
produced in mouse models and differences in the human and
mouse immune systems may complicate studies of tumor
immunology.

Advances in murine embryology and genetics initially
facilitated targeted mutagenesis of the mouse germ line by
homologous recombination in ES cells leading to the cre-
ation of classic “knock out” mice. If a genetic modification is
not lethal during embryonic development, heterozygotes can
be crossed to create mice homozygous for a particular gene
deletion. While knockout mice can occasionally be used to
study deletion of tumor suppressors, there are critical limita-
tions to this approach. First, global gene deletion of putative
tumor suppressors is frequently embryonic lethal and this
prevents the assessment of many genes using this strategy.
For similar reasons, it is difficult, if not impossible, to study
combinations of genetic modifications using this technique
[86]. In addition, because the genetic modification is present
in all tissues, tumors can develop in multiple anatomic loca-
tions, potentially hindering study of the tumor of interest.
Finally, the fact that tumor stromal cells (fibroblasts, immune
cells, and vasculature) also harbor the same genetic modifi-
cation can impact overall tumor behavior in unanticipated
ways. So far, germ-line deletions have not provided HNSCC
specific insight. A step toward conditional mutagenesis is to
place oncogenes under control of a tissue-specific promoter.
Examples are K14-HPV16 mice that express E6/E7 in K14
expressing cells. These mice develop hyperplasia and some
strains also oral SCCs [87]. Recently, also AKT activation or
Ras activation in combination with loss of P53 has been
shown to induce oral cancer [88, 89].

With the development of conditional genetic manipula-
tion systems, many of these problems have been overcome
[90]. In these systems, a target gene is flanked by loxP restric-
tion sites that are the target of the Escherichia coli bacterio-
phage P1 Cre recombinase; Cre recombinase then excises
sequences between loxP sites, allowing conditional gene
deletion. As animals harboring conditional alleles are pheno-
typically normal in the absence of genetic recombination
mediated by Cre recombinase, this system avoids many of
the problems of embryonic lethality or infertility associated
with germ-line deletions. By placing a loxP-flanked stop
codon upstream of an oncogene (e.g., Kras®'?P), this approach
can also be used to “knock-in” tumor initiators [91, 92] or
specific p53 mutations.

Tissue restricted genetic manipulation is achieved by
delivery of Cre recombinase to the cells of interest. While
this can be done with adenoviral vectors [91], this approach
has largely given way to transgenic approaches that use a
tissue-specific promoter to target Cre recombinase expression

to the cells of interest [93]. In this setting, genetic manipulation
then occurs only in cells that express the targeted Cre recom-
binase transgene. The Epstein—Barr virus ED-L2 promoter
as well as keratin 5 (K5) and keratin 14 (K14) promoters
have been used to target gene manipulations to the oral
epithelium [94-98], however, because keratins are robustly
expressed in a variety of epithelial tissues, especially the skin
and mammary tissue, an additional layer of control is required
to restrict Cre recombinase expression to the head and neck
epithelium. This is achieved by using a ligand-inducible Cre
recombinase fusion protein whose expression is restricted by
a K5 or K14 promoter. Currently available constructs include
both tamoxifen-inducible truncated estrogen receptor
fusions, such as K14CreER"T and K5CreER™ [93, 95]
(Figs. 12.2 and 12.3); and RU486-inducible truncated pro-
gesterone receptor fusions, such as K14CrePR or K5CrePR
[99], although only the CrePR constructs have so far been
used to generate mouse models of HNSCC [96]. Another
system in which genes can be turned on and off is the tetra-
cycline-inducible system (tet-on and tet-off receptor) tar-
geted to epithelial cells combined with oncogene under the
control of tet-regulated responsive elements. On doxycycline
administration the oncogene can be expressed [100, 101].
The main advantage of ligand-dependent systems is that they
allow tissue-specific, spatial, and temporal control of recom-
bination. Because these systems can be used to introduce

Fig. 12.2 Coronal histopathological section through the mouth and
nose of a K14P53FF transgenic mouse (nonfunctioning P53 in all K14
expressing cells). Some of these animals develop oral squamous cancer
as visible on the right side around the mandible
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Fig.12.3 Transgenic mouse with K14P53FF and P16 knockout with a
cheek cancer

multiple somatic genetic alterations simultaneously into a
target tissue interactions between different oncogenes and
tumor suppressors can be evaluated in vivo. Disadvantages
of this system are that most inducible Cre recombinase sys-
tems have some level of background activity and toxicity,
and that there may be variability in recombination efficiency
for different genes, partially related to the distance between
LoxP sites [102, 103]. Apart from using tissue-specific promot-
ers and ligands, an alternative is to use an adenoviral vector:
adenoCre. This system is used in pulmonary cancer [91].
GEMMs can be used to test whether alterations in specific
pathways or combinations of pathways are sufficient for
HNSCC development and the mechanisms by which specific
molecular alterations contribute to HNSCC development
[96, 98, 104]. For example, although knock-in of oncogenic
Kras®'?" in the oral cavity causes benign papilloma forma-
tion [97], simultaneous deletion of transforming growth fac-
tor beta type Il receptor (TGFbetaRII) with Kras®'?P activation
causes full penetrance HNSCC [70]. Thus it appears that
Kras activation functions as a tumor initiator while defective
TGPFbeta signaling causes tumor progression, especially as
TGFbetaRII deletion in the oral epithelium does not cause
HSNCC. Interestingly, in contrast to TGFbetaRII, Smad
deletion in the oral epithelium causes spontaneous HNSCC,
suggesting that although both these molecules are compo-
nents of the TGFbeta signaling pathway that they have dis-
tinct nonoverlapping functions in HNSCC [96, 104]. GEMMs
can also be used to suggest novel therapeutic avenues. For
example, HNSCC induced by Smad4 deletion have increased
genetic instability and may hence be more susceptible to

either ionizing radiation or poly(ADP-ribose) polymerase
(PARP) inhibitor-induced cell death. Given that Smad4
expression is frequently reduced in HNSCC this may have
substantial clinical implications [96].

There is a great need to develop more reliable and different
GEMMs for HNSCCs. When these are established, they
should be validated for predicting treatment responses in
human HNSCCs. Also the influence of different genetic
make-up on tumor behavior and treatment response is an
important aspect to be studied. So far HNSCC model sys-
tems are not as well developed as breast cancer models and
pulmonary cancer models. It is a challenge for the next years
to catch up with these research fields.
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