
INVOLVEMENT OF THE FGFR4 Arg388 ALLELE IN HEAD AND NECK
SQUAMOUS CELL CARCINOMA
Sylvia STREIT

1, Johannes BANGE
2, Alexander FICHTNER, Stephan IHRLER

3, Wolfgang ISSING
4 and Axel ULLRICH

1*
1Department of Molecular Biology, Max Planck Institute for Biochemistry, Martinsried, Germany
2U3 Pharma AG, Martinsried, Germany
3Department of Pathology, University of Munich, Munich, Germany
4Department of ENT, Freeman Hospital, Newcastle Upon Tyne, United Kingdom
5Department of Otorhinolaryngology, Klinikum Grosshadern, Munich, Germany

Fibroblast growth factor receptors (FGFRs) have been im-
plicated in various forms of human hyperproliferative disor-
ders such as cancers of the cervix and bladder. We investi-
gated the expression pattern of FGFR4 and the clinical
significance of the recently identified Gly/Arg polymorphism
(388) in head and neck squamous cell carcinomas (HNSCCs)
of the oral cavity and the oropharynx. Sections from 104
paraffin-embedded tumors were analyzed by a restriction
fragment length polymorphism-based method to determine
the FGFR4 genotypes. Protein expression was investigated
immunohistochemically and graded into a low, intermediate,
or high degree of staining. FGFR4 expression was scored as
high in 17, as intermediate in 59 and as low in 28 cases. The
FGFR4 Arg388 allele was found in 59 tumors, 46 of them
having heterozygous and 13 homozygous genotypes. High
expression of the FGFR4 Arg388 allele was significantly as-
sociated with reduced overall survival (p � 0.032) and with an
advanced tumor stage (p � 0.023), whereas expression of the
FGFR4 Gly388 had no impact on disease progression. Our
findings indicate that high expression of FGFR4 in connection
with the Arg388 allele is associated with poor clinical out-
come and support the significance of FGFR4 as a diagnostic
marker and a target for therapeutic intervention in human
HNSCC.
© 2004 Wiley-Liss, Inc.
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After decades of rigorous investigations of chemotherapeutic
cancer therapies, many cancers, including those of the head and
neck, remain beyond our clinical ability to control them. From 3%
to 5% of all patients initially cured of early-stage head and neck
cancer will develop second primary tumors or local recurrences.1
This phenomenon has been explained by the concept of field
cancerization, which argues that certain risk factors such as alcohol
and tobacco change the lining of the upper aerodigestive tract into
a so-called condemned mucosa. In such a scenario, alcohol may
represent the key risk factor for neoplastic transformation in the
oral cavity, the oro- and hypopharynx.2–4 An increasing amount of
evidence suggests that alcohol intake and smoking play a syner-
gistic role in the neoplastic progress.

One of the most important achievements of molecular oncology
has been the demonstration that cancer represents a genetic disease
that begins with genetic damages in the genome of one cell in the
form of point mutations, DNA rearrangement and gene amplifica-
tion leading to the distortion of the expression and biochemical
function of respective gene products. Growth factor receptors of
the class I subfamily, which include the epidermal growth factor
receptor (EGFR/HER1) and the related proteins HER2, HER3 and
HER4, have shown that amplification or overexpression of those
receptors, especially well documented for HER2 in patients with
breast and ovarian cancers, plays an important role in carcinogen-
esis and tumor progression.5–8 Multivariate survival analysis
showed that HER2 amplification or overexpression is more pre-
dictive of clinical outcome than all other known prognosticators
with the exception of positive lymph nodes.9,10 These findings
have validated the HER2 receptor as a target for therapeutic
intervention. Moreover, recent clinical investigations have con-

firmed the benefit of antagonistic HER2 antibody therapy in breast
cancer using herceptin.11 Minute genetic changes such as point
mutations have been found to cause constitutive activation of the
HER2/neu kinase activity and to induce neoplastic disorders.12

Similarly, the 2 amino acid substitutions Gly380Arg and
Ala391Glu in the transmembrane domain of fibroblast growth
factor receptor 3 (FGFR3) have been shown to be responsible for
2 forms of human dwarfism, namely, achondroplasia and morbus
crouzon.13–15 Other mutations in the FGFR3 gene have been
associated with bladder and cervix cancer.16 The FGFR signaling
system is composed of 4 receptor tyrosine kinases (RTKs) and
more than 20 known ligands and has been implicated in the
regulation of a multitude of both physiologic and pathophysiologic
processes, including migration, wound healing, angiogenesis and
cancer.17 More recently, we have identified a single nucleotide
polymorphism (SNP) in codon 388 of the FGFR4 gene, which
plays a pivotal role in the progression of breast cancer. This SNP
is present at a significantly higher rate in breast cancer patients
with early relapse and represents therefore a gene alteration that
critically impacts the survival time of patients.18

In order to determine whether the SNP in FGFR4 codon 388
plays a role in tumor progression of other human cancers, we
analyzed FGFR4 expression levels and the presence of the Arg388
allele in the FGFR4 gene in 104 squamous cell carcinomas of the
oral cavity and the oropharynx and analyzed its correlation with
clinical parameters.

MATERIAL AND METHODS

Tissue specimens
Surgical specimens from 104 cases of head and neck squamous

cell carcinoma (HNSCC) were retrieved from the Institute of
Pathology of the Ludwigs Maximilians University of Munich
(from years 1984–1998). The tissue sample collection comprises
84 men and 20 women ranging in age from 38 to 81 years. Patients
had not received irradiation or anticancer chemotherapy before
surgery. All patients were staged according to the UICC pTNM
classification. Median follow-up in patients at the time of analysis
was 39 month. Of the 104 patients, 40 died in the follow-up period.
Each specimens was fixed in 4% buffered formaldehyde, embed-
ded in paraffin wax and cut into 4 �m thick sections for further
analysis.
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Immunohistochemistry
Immunostaining was performed using a sensitive 3-layer avidin-

biotin complex (ABC) method with the rabbit IgG Vectastain Elite
ABC (peroxidase) kit as outlined by the manufacturer (Vector
Laboratories). Paraffin sections were dewaxed in xylene and hy-
drated through graded alcohols to water and subsequently placed
in PBS. The sections were incubated for 10 min with 1% hydrogen
peroxide to inhibit endogenous peroxidase. After rinsing with
PBS, sections were pretreated with citrate buffer, pH 6, for 12 min
in a microwave oven at 700 W. Before incubation with normal
goat serum, sections were immersed in PBS. Immunohistochemi-
cal staining was performed with a polyclonal antibody (clone 16;
Santa Cruz, Santa Cruz, CA) to FGFR4. Primary antiserum was
diluted 1:1,000 in PBS/1% BSA. The specificity of the rabbit
polyclonal antibody has been determined by preincubation with a
control peptide (dilution 1:100; Santa Cruz). After rinsing in PBS,
sections were incubated with a biotinylated goat antirabbit anti-
body for 1 hr. Sections were rinsed with PBS and incubated for 30
min with the ABC solution. After further washes in PBS, the
reaction product was visualized using diaminobenzidine (Sigma,
St. Louis, MO) as chromogen. Sections were counterstained with
Mayer’s hematoxylin and mounted.

PCR-based genotyping
Genomic DNA was prepared from paraffin-embedded tumor

tissue by standard protocols.19 Each paraffin section was extracted
twice with xylene to remove the paraffin. This organic extraction
was followed by 2 washes with 100% ethanol to remove the
solvent. The ethanol was removed by rinsing the samples with
acetone. Extracted and dried samples were than digested with
proteinase K.

For screening individuals for the FGFR4 Arg388, the following
primers were designed: 5�-GACCGCAGCAGCGCCGAGGC-
CAG-3� and 5�-AGAGGGAAGAGGGAGAGCTTCTG-3�. Prim-
ers (2 �M) and genomic DNA were combined in a 25 �l total
reaction volume using Ready-to-Go PCR beads (Pharmacia, Upp-
sala, Sweden). After denaturing for 3 min at 95°C, the reaction
mixture was subjected to 35 cycles of 45 sec at 95°C and 45 sec at
72°C followed by 1 cycle at 72°C for 5 min. The 168 bp fragment
was digested overnight with BstNI (New England Biolabs, Bev-
erly, MA) according to the manufacturer’s instruction. Restriction
fragments were resolved on a 12% nondenaturing polyacrylamide

gel and DNA was visualized with ethidium bromide. The Arg388
allele was characterized by 2 distinctive fragments of 80 and 29 bp,
whereas a single distinctive band of 109 bp was observed for the
Gly388 allele.

Statistical analysis
Statistical evaluations were performed using the MedCalc pack-

age (MedCalc Software, Mariakerke, Belgium) and WinStat. The
frequencies of the genotypes among different subgroups were
calculated by p-values to assess the association between FGFR4
Arg388 and malignancy in the volunteers. Survival curves for
overall survival were plotted according to Kaplan-Meier and com-
pared using log-rank statistics. All test were performed at a sig-
nificance level of � � 0.05.

RESULTS

FGFR4 protein expression in tumors of oral cavity
FGFR4 is widely expressed in different nonneoplastic epithelial

and mesenchymal tissues.20 In agreement with this, we found the
most intense immunohistochemical FGFR4 staining in the arterial
smooth muscle cells and in skeletal muscle (Fig. 1). A low to
moderate degree of staining was seen in fibroblasts and the ductal
epithelium of small salivary glands. Due to the constant high
staining intensity and their overall availability, medium-sized ves-
sels and skeletal muscle were used as internal control for the
grading of FGFR4 expression. In the invasive tumor areas, the
cytoplasmic expression for the staining against FGFR4 was semi-
quantitatively evaluated in a 3-graded system: low, intermediate
and high expression (Fig. 2a and b). In control experiments,
staining was abolished when the primary FGFR4 antibody was
preincubated with the corresponding blocking peptide (Fig. 2c and
d). No tumor was observed with absolutely no FGFR4 staining.
The results of the FGFR4 protein expression pattern in the invasive
tumor areas are summarized in Table I.

FGFR4 genotype distribution in patients with HNSCC
Recently, a strong correlation between the presence of the

FGFR4 Arg388 allele and clinical and pathologic parameters for
poor prognosis in breast and colon cancer patients was observed.18

Since the analysis of FGFR4 expression showed that this receptor
is widely expressed in tumor specimens from the oral cavity and

FIGURE 1 – Immunohistochemic staining of FGFR4. (a) FGFR4 immunoreactivity in arterioles and veins and (b) in skeletal muscles (original
magnification, �20). Counterstaining with hematoxylin and eosin.
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the oropharynx, we investigated the genotype distribution in a
cohort of 104 patients to determine whether the FGFR4 glycine
(Gly)/aginine (Arg) polymorphism plays a role in the progression
of HNSCC. Because the polymorphism in codon 388 creates a new
restriction site for the enzyme BstNI, genotyping was done by
PCR-restriction fragment length polymorphism (RFLP). The over-
all frequency was 43% of homozygous Gly alleles, 43% of het-
erozygous Gly/Arg and 13% of homozygous mutant Arg alleles.
The calculated allele frequencies (Gly, 65%; Arg, 35%) were

similar to those of 123 healthy control individuals and cancer
patients described previously.18

Clinicopathologic parameters in oropharynx carcinomas
In order to investigate the hypothesis that FGFR4 Arg388 plays

a role in the progression of oropharynx and oral cavity tumors, we
examined the data for association between the FGFR4 genotypes
and parameters known to influence clinical outcome. No correla-
tion was found when comparing the FGFR4 genotype or expres-
sion level of all 104 patients with pathologic parameters such as
age of diagnosis, tumor stage and histologic grading (Table II).
Furthermore, allele distribution was not different in males and
females or dependent on FGFR4 expression levels. Next, we
investigated the impact of the FGFR4 Arg388 allele on the overall
survival in our cohort of 104 patients in which 40 died within the
follow-up period. Kaplan-Meier survival analysis of the squamous
cell carcinoma patients stratified for the FGFR4 allele distribution

FIGURE 2 – HNSCC tissue samples stained for FGFR4. The degree of staining was evaluated using the semiquantitative method as described.
(a) FGFR4 immunoreactivity in a strongly stained tumor and (b) in a poorly stained carcinoma. The specificity of the primary antibody was
determined by preincubation with (d) or without (c) a blocking peptide (original magnification, �20, �40).

TABLE I – IMMUNOREACTIVITY OF FGFR4 IN 104 PATIENTS WITH HNSCC

Expression

Low Intermediate High

Number of cases (%) 28 (27) 59 (57) 17 (16)
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yielded no clear-cut result for a follow-up time of 180 months, but
showed a trend to a reduced overall survival of patients with the
Arg388 allele (Fig. 3). In order to investigate whether a subgroup
in our cohort of HNSCC patients exists that is particularly suscep-
tible to FGFR4 Arg388, we grouped the patients according to their
level of FGFR4 expression and analyzed the correlation between
clinical parameters of patients with high FGFR4 expression and
the FGFR4 genotype. Survival analysis showed that in the group of
tumors with high FGFR4 expression (n � 17), patients with
FGFR4 Arg388 have a reduced overall survival in comparison to
patients with the Gly388 allele (p � 0.032; Fig. 4). Interestingly,
only patients with FGFR4 Arg388 died in the follow-up period.
Furthermore, comparing the genotype with the histologic stage of
the tumors, we found that in the group with high FGFR4 expres-
sion, all patients with the Arg388 allele have an advanced tumor
stage (p � 0.023), consisting of stages III, IVA and IVB (Table
III). In summary, our data strongly support the conclusion that
high expression of FGFR4 in connection with the Arg388 geno-
type is a prognostic parameter for HNSCC patients.

DISCUSSION

HNSCC is the sixth most frequent cancer worldwide, compris-
ing almost 50% of all malignancies in some developing nations.
Differences between normal epithelium and cancer cells of the

upper aerodigestive tract arise from specific alterations in genes
controlling DNA repair, proliferation, apoptosis and angiogenesis.
These genes include both tumor suppressors and oncogenes en-
coding growth factor receptors, signal transducers and transcrip-
tion factors that regulate a wide variety of intracellular signaling
pathways.21 For the FGFR family and their more than 20 known
ligands, it was shown before that they play a critical role in cancer
development. For example, high expression levels of FGF2, a
well-characterized angiogenic factor, but also FGF1, FGFR1 and
FGFR2, have been linked to the progression of HNSCC.22–24

However, a role for FGFR4 in this type of tumor has not yet been
determined.

Here, we report that the FGFR4 is expressed at different levels,
ranging from low or medium to strong, as determined by immu-
nohistochemistry in all investigated tumors (n � 104) of the oral
cavity. These results are compatible with previous studies demon-
strating high FGFR4 expression in pancreatic cancer,25 breast
cancer19,26 and renal cell carcinoma27 and suggest a role for
FGFR4 in this malignancy. However, the comparison of FGFR4
expression with various prognostic parameter did not yield in
significant findings. It seems that FGFR4 expression alone has no
impact on disease progression in HNSCC. This speaks for the fact
that indeed other factors, as for example genetic alterations in
receptor tyrosine kinases, are key player in the progressive course
of the disease. In fact, 2 recent studies have demonstrated that a
polymorphism in the transmembrane domain of the FGFR4 is
associated with poor prognosis in breast and colon and high-grade
soft-tissue sarcoma.18,28 We used PCR-RFLP to characterize the
incidence of the Arg388 allele in order to examine whether the
FGFR4 polymorphism can control the outcome of the patients in
our cohort. The allele distribution was similar to the previously
reported frequency of the Arg388 allele in breast and colon cancer
and also in healthy individuals.18 The correlation between the
FGFR4 genotype and the viability of the patients revealed no
clear-cut result, but showed a trend to a reduced overall survival
for patients of the FGFR4 Arg388 isotype. However, when com-
paring the overall survival time of carriers of FGFR4 Arg388 and
high protein expression, we found it to be significantly reduced in
comparison to patients with the Gly388 allele and high FGFR4
expression. This findings were underlined by the observation that
only patients with the FGFR4 Arg388 allele died in the follow-up

FIGURE 3 – Survival of patients with HNSCC according to the
FGFR4 genotype. Kaplan-Meier analysis and the log-rank test were
used for the association between FGFR4 genotypes and overall sur-
vival in patients with HNSCC (n � 104). G, FGFR4 Gly388; R,
FGFR4 Arg388 (Gly/Arg and Arg/Arg).

FIGURE 4 – Viability of patients with high FGFR4 expression. The
FGFR4 Arg388 allele is associated with a reduced overall survival
time in patients with high FGFR4 expression. G, FGFR4 Gly388; R,
FGFR4 Arg388 (Gly/Arg and Arg/Arg).

TABLE III – CORRELATION OF THE FGFR4 GENOTYPE WITH THE
HISTOLOGICAL STAGE OF HNSCC TUMORS

Genotype Gly388 (n � 7) Arg388 (n � 10)

Stage I and II 3 0
Stage III, IVA and IVB 4 10

p � 0.0225.

TABLE II – ASSOCIATION, BETWEEN FGFR4 ALLELES AND
CLINICOPATHOLOGICAL VARIABLES IN PATIENTS WITH HNSCC

FGFR4 allele
Oral cavity carcinoma

Gly/Gly Gly/Arg Arg/Arg

Median age (years) 56 57 54
Sex

M 36 (80%) 35 (76%) 13 (100%)
F 9 (20%) 11 (24%)

Stage
I 6 (13%) 7 (15%) 1 (8%)
II 7 (16%) 3 (7%) 2 (15%)
III 7 (16%) 9 (20%) 2 (15%)
IVA 19 (42%) 26 (57%) 8 (61%)
IVB 6 (13%) 1 (2%)

Grade
1 1 (2%) 2 (4%)
2 25 (56%) 22 (48%) 4 (31%)
3 19 (42%) 22 (48%) 9 (69%)

FGFR4 expression
Low 10 (22%) 12 (26%) 6 (46%)
Intermediate 28 (62%) 25 (54%) 6 (46%)
High 7 (16%) 9 (20%) 1 (8%)
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period. In addition, our study also shows that high-FGFR4-ex-
pressing patients with early-stage tumors (I and II) that have not
spread to lymph nodes and have a high probability of survival
predominantly express the Gly388 allele.

We conclude that expression of the wild-type FGFR4 (Gly388)
is neutral to tumor progression or even might have a slight sup-
pressive effect as reflected by the fact that all patients with high
FGFR4 Gly388 protein expression have an improved clinical
prognosis. However, expression of the FGFR4 Arg388 allele has
the opposite effect since it impairs the tumor suppressor function
and results in increased disease progression. Therefore, analysis of
both FGFR4 expression and allele distribution is essential to
improve the prediction of clinical prognosis and lead to new
treatment strategies in patients with HNSCC.

Remarkably, Bange et al.18 demonstrated that the breast cancer
cell line MDA-MB-231 infected with FGFR4 Gly388 showed a
decreased motility in comparison to cells expressing the Arg allele
in vitro. Furthermore, Cavallaro et al.29 have recently described a

role for N-CAM-induced FGFR4 signaling in limiting the dissem-
ination of metastatic �-cell tumors of the pancreas in mice. Inter-
estingly, reduced N-CAM expression was associated with in-
creased malignancy and poor prognosis in a variety of cancer
types,30 and Rip1Tag2 transgenic mice, which develop �-cell
tumors in the pancreatic islets of Langerhans, show a marked
increase in tumor metastases when crossed with N-CAM knockout
mice.31 To our knowledge, we have shown for the first time that
expression of a polymorphic RTK has the ability to influence
tumor progression in squamous cell carcinoma of the oral cavity.
Since RTKs and in particular FGFRs are a focus of molecular
cancer therapy development, these results might open the door to
new and advanced treatments of HNSCC.
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