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Abstract. Background: We investigated the expression
patterns of cluster of differentiation (CD) 44 and
amphiregulin (AREG), two signaling molecules essential for
cell proliferation and differentiation, under the influence of
selective tyrosine kinase inhibitors (TKls) in human
papillomavirus (HPV)* and HPV~ squamous carcinoma cell
lines. Materials and Methods: The protein expression of
CD44 and AREG was determined by sandwich enzyme-
linked immunosorbent assay in HPV~ cell lines UMSCC-11A
and UMSCC-14C, and HPV*® CERV-196 cells after TKI
treatment. Results: The expression of AREG and CD44 was
dependent on the cell line’s HPV status. AREG expression
increased after incubation with nilotinib in HPV* tumor
cells. The expression of CD44 was significantly influenced
by all drugs; its expression under selective epidermal growth
factor receptor inhibition was mostly reduced, whereas
nilotinib led to an exceptional increase of CD44 expression.
Conclusion: The selective drug treatment options
significantly influenced the expression of CD44 and AREG
in HPV~ and HPV* tumor cells, constituting the need for
personalized treatment options.
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The rate of human papillomavirus (HPV) association with
squamous cell carcinoma (SCC) has dramatically increased
over the past decades (1). Since 2015, the most common
HPV-associated cancer in Western countries such as the
United States is represented by oropharyngeal SCC (2). For
the oropharynx, researchers and clinicians have the
possibility to investigate SCC with distinct immunological
characteristics, depending on the tumorigenesis. Patients
with HPV-associated tumors demonstrate improved
therapeutic response rates leading to a better clinical
outcome than patients with non-HPV-associated SCC (3). To
date, the reasons for this difference are not fully understood
and are investigated in the molecular mechanisms of the
underlying oncogenic processes. One of the key features in
both HPV* and HPV~ SCC is the overexpression of
epidermal growth factor receptor (EGFR), a member of the
receptor tyrosine kinase family. Several investigations have
confirmed that overexpression of EGFR is a negative
predictor for clinical outcome (4, 5).

EGFR signaling results in inhibition of the signal transducer
and activator of transcription gene 1 (STAT1) and inhibits the
cellular antigen-processing machinery, providing an escape
mechanism for tumor cells from immunosurveillance (6).

Despite these findings, EGFR overexpression has not been
shown to correlate with therapeutic response to receptor
blockade with the EGFR-specific monoclonal antibody
cetuximab (7, 8), and reported therapeutic response rates are
low (around 20%) (9). The reasons for therapeutic resistance
are manifold, including mutations in EGFR downstream
signaling, especially rat sarcoma gene (RAS) and b-rapidly
accelerated fibrosarcoma gene (BRAF) mutations, or activation
of the phosphoinositide 3-kinase (PIK3CA)/phosphatase and
tensin homolog (PTEN) and Janus kinase (JAK)/signal
transducer and activator of transcription protein (STAT)
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signaling pathway and epithelial-to-mesenchymal transition of
cancer cells (10).

CD44 is a multifunctional surface protein, involved in the
regulation of cell differentiation, proliferation and survival,
and has been linked to cells with cancer stem cell
characteristics (11). In head and neck (HN) SCC, CD44
expression was linked to poor clinical outcome due to
advanced tumor stage, metastasis, therapeutic resistance and
invasion (12). Additionally, specific CD44 isoforms act as
co-receptors to tyrosine kinase signaling, including the
EGFR signaling cascade (13).

Amphiregulin (AREG) is a transmembrane glycoprotein
from the EGFR family, interacting with EGFR, and
regulating cellular growth and proliferation (14). AREG
engages adjacent cells via juxtacrine signaling. After
processing via proteolytic membrane proteases, AREG also
functions via autocrine and paracrine signaling. Elevated
AREG expression is associated with chronic inflammation
and tumor growth (15).

In contrast to monoclonal antibodies that block the human
epidermal growth factor receptor (HER) tyrosine kinases
directly (e.g. cetuximab for HER1, trastuzumab for HER2),
selective tyrosine kinase inhibitors (TKIs) inhibit the
intracellular receptor signaling cascade by inhibiting
phosphorylation thereby preventing activation. This inhibition
can occur through competition with the substrate, adenosine
triphosphate (ATP), inhibition of the phosphorylating enzyme
or by deactivating it through conformational change (16).

Erlotinib and gefitinib belong to the first generation of TKI.
Erlotinib is approved for the treatment of non-small cell lung
cancer (NSCLC) and pancreatic cancer, with significant
improvement of therapeutic overall response rates (17).
Gefitinib is approved in the therapy of NSCLC and under
investigation for different solid cancer types with TKI mutations
such as breast cancer. An important aspect of therapy with TKI
is the development of therapeutic resistance. Amplification of
the proto-oncogene hepatocyte growth factor receptor (MET)
leading to activation of HER3 signaling and EGFR T790M
mutations have been identified as important mechanisms of
therapeutic resistance to TKI therapy (18, 19). Afatinib is a
member of the irreversible second-generation TKIs of the HER
family (20). The down-regulation of HER signaling is achieved
through covalent binding to kinase domains, resulting in
irreversible inhibition of autophosphorylation (21). Afatinib is
approved in the therapy of metastatic NSCLC with EGFR
mutations/deletions (22). Dasatinib and nilotinib are small-
molecule TKIs, acting through competitive binding of ATP-
binding sites, resulting in dysregulation of tyrosine kinase
enzymatic activity. Dasatinib and nilotinib have been
investigated in hematopoietic malignancies and inhibit platelet-
derived growth factor-f receptor signaling, ephrin receptor
kinases and mast/stem cell growth factor receptor (23).
Dasatinib has also been shown to inhibit sarcoma tyrosine
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kinase (SRC) family kinases, a major means of resistance to
anti-HER? therapy in patients with breast cancer (24-26).

As both surface proteins AREG and CD44 have a strong
association with EGFR signaling pathways influencing
tumor progression and therapeutic response, we aimed to
investigate the effect of different selective TKIs on the
expression of CD44 and AREG in HPV* and HPV~ SCC.

Materials and Methods

Cell lines, drugs and study design. The HPV- UMSCC cell lines
were kindly provided by T.E. Carey, Ph.D. University of Michigan,
Ann Arbor, MI, USA. UMSCC-11A cell line originated from a
primary squamous cell carcinoma of the epiglottis, whereas
UMSCC-14C originated from a skin metastasis of an oral SCC after
radiation, chemotherapy and surgery. The CERV-196 cell line is
positive for HPV16 and was provided from poorly differentiated
SCC of the uterine cervix and acquired from Cell Lines Service
GmbH, Eppelheim, Germany.

HPV- cells were cultured with Eagle’s minimum essential
medium (Gibco, Life Technologies, Carlsbad, CA, USA) and
supplemented with 2 mM of L-glutamine, 10% fetal calf serum and
Pen-Strep (Gibco, Life Technologies). Cultured HPV+ cells were
supplemented with 2 mM L-glutamine, 1.0 g/l sodium bicarbonate,
1.0 g/l sodium pyruvate, 0.1 mM non-essential amino acids and
10% of fetal bovine serum (Gibco, Life Technologies). Cell cultures
were grown under standardized conditions (37°C, 5% CO,, 95%
humidity). For subcultures, 0.05% trypsin/0.02% EDTA solution
(Sigma Aldrich, St. Louis, MO, USA) was added for 5 min at 37°C.
Incubation time ranged from 24 to 96 hours. Nilotinib, dasatinib,
gefitinib, erlotinib and afatinib were provided by the Oncological
Department, University Hospital Mannheim GmbH. The drugs were
dissolved in dimethylsulfoxide at a concentration of 20 umol/l. Cell
proliferation assay was performed in 96-well microtiter plates
(alamarBlue©, AbD Serotec, Oxford, UK).

Enzyme-linked immunosorbent assay (ELISA) for CD44 and AREG.
To determine the protein concentrations of CD44 and AREG in
treated and untreated cells, a sandwich ELISA technique was
applied. For both proteins, DuoSet ELISA development kits (R&D
Systems, Inc., Minneapolis, MN, USA; and Bio-Techne GmbH,
Wiesbaden, Germany) were used (DY7045-05 for CD44, and
DY989 for AREG) and performed in accordance with the
manufacturer’s instructions. The optical density was measured at a
wavelength of 450 nm with wavelength correction set to 540 nm
with an MRX Microplate Reader (DYNEX Technologies, Chantilly,
VA, USA). Concentrations were determined in pg/ml and the
detection range was 7.8-1,500 pg/ml for CD44 and 15.6-1,000
pg/ml for AREG. The inter-assay coefficient of variation reported
by the manufacturer was <10%.

Statistical analysis. The statistical analysis was performed using the
mean values for each experiment. Each experiment was
independently performed three times. The means were compared to
the mean values of the negative control using the two- coefficient
variance test to assess statistical significance (SAS Statistics
software, version 9.3; SAS Institute, Inc., Cary, NC, USA). The
resulting p-values were adjusted using Dunnett’s test. For all
analyses, a value of p<0.05 was defined as statistically significant.
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Table 1. Enzyme-linked immunosorbent assay of cluster of differentiation 44 expression (pg/ml) in UMSCC-11A, 14C and CERV-196 after incubation
with 20 umol/l afatinib, dasatinib, erlotinib, gefitinib or nilotinib compared to the negative control.

Incubation Negative Afatinib Dasatinib Erlotinib Gefitinib Nilotinib
time (h) control

Mean Mean  p-Value Mean p-Value Mean  p-Value Mean p-Value Mean  p-Value

UMSCC-11A 24 9.5 6.2 0.004 11.3 0.022 8.3 0.474 8.6 0.836 13.8 0.052
48 254 27.5 0.772 29.5 0.314 13.0 0.004 26.0 0.995 26.0 0.992

72 82.6 264 <0.001 84.0 0.991 289  <0.001 42.6 <0.001 87.5 0.896

96 925 41.6 0.004 118.1 0.139 46.2 0.001 82.1 0513 1151 0.091

UMSCC-14C 24 14.4 25.1 0.019 16.0 0.667 15.6 0910 14.6 >0.999 359  <0.001
48 32.1 30.5 0.904 244 0.004 176  <0.001 20.7 0.006 724 <0.001

72 494 28.6 <0.001 19.2 0.001 11.7  <0.001 24.6 0.002 1446  <0.001

96 31.2 44.6 0.117 299 0.938 20.1 0.007 349 0415 1580  <0.001

CERV-196 24 144 21.3 <0.001 14.7 0.972 13.0 0.862 18.1 0.337 17.6 0.229
48 438 32.1 0.002 37.0 0.127 303 0.002 30.2 <0.001 522 0.077

72 3392 59.1 <0.001 1700 <0.001 493  <0.001 66.3 <0.001 266.1 0.060

96 7473 54.6 <0.001 1863 <0.001 1012  <0.001 89.7 <0.001  708.1 0.891

Bold values indicate statistical significance (p<0.05).

Table II. Enzyme-linked immunosorbent assay of amphiregulin expression (pg/ml) in UMSCC-11A, 14C and CERV-196 after incubation with 20
umol/l afatinib, dasatinib, erlotinib, gefitinib or nilotinib compared to the negative control.

Incubation Negative Afatinib Dasatinib Erlotinib Gefitinib Nilotinib
time (h) control

Mean Mean  p-Value Mean p-Value Mean  p-Value Mean p-Value Mean  p-Value

UMSCC-11A 24 8233 584.0 <0.001 5127 <0.001 3390 <0.001 3257 <0.001 804.0 0.800
48 900.7 780.7 <0.001 7567 <0.001 5000 <0.001 540.0 <0.001 8873 0.464

72 910.7 838.3 0.003 7530 <0.001 5527 <0.001 655.7 <0.001 901.7 0.670

96 934.0 808.7 <0.001  860.7 0.001 636.7 <0.001 784.3 <0.001 8873 0.067

UMSCC-14C 24 273.7 173.7 <0.001 28.7 <0.001 44.7 <0.001 220 <0.001 103.0 <0.001
48 4133 212.7 <0.001 303 <0.001 480  <0.001 25.7 <0.001 1527 <0.001

72 4493 4143 0.349 393  <0.001 797 <0.001 437 <0.001 228.0 <0.001

96 480.3 466.3 0.760 63.0 <0.001 820 <0.001 513 <0.001 2893 <0.001

CERV-196 24 19.0 203 0.864 11.0  <0.001 120  <0.001 12.0 <0.001 270 0.001
48 41.0 22.3 <0.001 13.7 <0.001 13.7  <0.001 9.7 <0.001 733 <0.001

72 56.3 243 <0.001 203  <0.001 153 <0.001 14.0 <0.001 1320 <0.001

96 62.3 253 <0.001 183 <0.001 157  <0.001 15.7 <0.001 186.3 <0.001

Bold values indicate statistical significance (p<0.05).

The statistical analysis was performed in collaboration with
Professor Dr. C. Weiss, Institute of Biomathematics, Medical
Faculty Mannheim, University of Heidelberg, Germany.

Results

CD44 expression levels in UMSCC-11A, UMSCC-14C and
CERV-196 cells. CD44 expression was observed in every
tested cell line (Table I). Expression levels were nearly
constant in all three cell lines at the beginning of incubation.
After 96 hours of incubation, CERV-196 cells displayed the
highest level of CD44 expression in the untreated (negative

control) group in comparison to UMSCC-11A and UMSCC-
14C cells. We observed a statistically significant decrease of
CD44 expression in UMSCC-11A cells after treatment with
afatinib, and with erlotinib after 96 hours (p=0.004; p=0.001).

For UMSCC-14C cells, erlotinib treatment significantly
reduced the CD44 expression from 48 hours on (p=0.007).
Gefitinib led to a significant reduction of CD44 expression
after 48 and 72 hours (p=0.006 and p=0.002, respectively).
Dasatinib led to a significant decrease of CD44 after 48 and
72 hours (p=0.001). Interestingly, nilotinib increased the
CD44 expression in the UMSCC-14C cell line dramatically
(p<0.001).
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For CERV-196 cells, nilotinib was the only drug tested
that showed no significant reduction of CD44 expression
after 96 hours (p=0.891). Contrary to this, afatinib, dasatinib,
erlotinib and gefitinib showed a significant effect on the
reduction of CD44 expression in CERV-196 cells (p<0.001).

AREG expression levels in UMSCC-11A, 14C and CERV-196
cells. AREG expression was observed in every tested cell
line (Table II). Highest expression levels were observed in
UMSCC-11A cells.

Afatinib, dasatinib, erlotinib and gefitinib significantly
reduced expression of AREG in both HPV™ cell lines
(p=<0.001). Interestingly, nilotinib was not able to reduce the
AREG expression level significantly even after 96 hours in
UMSCC-11A cells (p=0.067). In UMSCC-14C cells,
dasatinib, erlotinib, gefitinib and nilotinib treatment led to a
decrease in AREG expression (p<0.001). We observed
similar reductions after 24- and 48-hour treatment with
afatinib (p<0.001), yet these effects were not maintained
after 72 and 96 hours (p=0.349 and p=0.760, respectively).
Nilotinib led to a significant decrease of AREG expression
in UMSCC-14C (p<0.001).

In HPV*' CERV-196 cells, afatinib, dasatinib, erlotinib,
and gefitinib treatment showed consistent reduction of
AREG expression with increasing incubation despite the
level increasing in the negative control group (p<0.001). In
contrast, AREG expression dramatically increased after
nilotinib treatment for any duration (p<0.001).

Discussion

Together with technological advances, individualized
therapeutic options are increasing in response to emerging drug
resistance to TKI therapy. In an interesting publication from Xu
and colleagues, novel druggable targets in head and neck cancer
were identified with high-throughput phenotyping (27). They
used different HNSCC cell lines, including UMSCC-14C, and
screened target genes for cancer specificity and potential
therapeutic drug response, including small-molecule TKIs such
as dasatinib. Approaches like these might help to identify
candidate targets and potentially effective drugs. Our findings
of distinct responses of HPV* and HPV ™ cell lines to different
selective TKIs support this notion. In our investigation, we
focused on two essential molecules responsible for cellular
proliferation, differentiation and cell survival, influencing tumor
progression and therapeutic resistance: CD44 and AREG.

This is one of the first in vitro studies to investigate the
impact of afatinib, dasatinib, erlotinib, gefitinib and nilotinib
on the expression of CD44 and AREG in HPV* and HPV~
SCC. Our results showed both CD44 and AREG to be
expressed in all three cell lines studies here.

CD44 is a marker widely used to identify cancer stem cells
(28). Cancer stem cells are considered to be responsible for
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increased renewal capacity and tumor heterogeneity, and
therefore, immune evasion, as well as therapy resistance (29).
One of the main escape mechanisms is the epithelial-to-
mesenchymal transition of tumor cells, which is closely
associated to their CD44 expression level (30). High CD44
expression and low expression of epithelial cell adhesion
molecule (EpCAM) have been associated with migratory
cancer stem cells with increased risk for metastasis (31).
Hufbauer and colleagues report a two-fold increase in
CD44high and EpCAM!V cell fractions from HPV16-E6E7-
positive tumors (31). These findings may in part contribute to
the clinical characteristics of early metastasis of HPV* tumor
in patients (32). In accordance with this, the HPV™ CERV-196
cell line in our untreated control group presented the highest
CD44 expression level. As patients with HPV* and HPV~
tumors also differ in therapeutic response rates, we investigated
the effect of TKI therapy on CD44 expression. Here, we
observed distinct changes in CD44 expression level, depending
on HPV status, tumor cell line and TKI used. Interestingly,
Nilotinib did not reduce the CD44 expression level after 96
hours for all cell lines, but in fact led to a significant increase
in expression in the UMSCC-14C cell line. In contrast,
treatment with afatinib, dasatinib, erlotinib and gefitinib
significantly reduced the CD44 expression. These findings are
in accordance with those of Abhold and colleagues, who
observed reduced induction of genes responsible for
metastasis, tumorigenesis, cell proliferation and drug
resistance, including stromal cell-derived factor 1,
transcription factor NANOG and CD44 after treatment with
gefitinib (33). The clinical relevance of CD44 expression level
was — amongst others — assessed by Nasman and colleagues,
who also observed improved survival in patients with low
CD44 expression and HPV™ status (34). Furthermore, CD44
was shown to be associated with the important WNT/f-catenin
signaling cascade, with a key role in carcinogenesis and
therapeutic resistance (35). Roy and colleagues demonstrated
that CD44 inhibition sensitized cisplatin-resistant HNSCC cells
(35). Additionally, others have investigated the important link
between CD44 expression and EGFR signaling, where high
CD44 expression was found to be associated with p16~ tumors
and with higher EGFR expression (36).

In order to resolve the conundrum of contradictory higher
CD44 expression levels in HPV* tumors, the association of
CD44 expression level with therapeutic resistance yet better
clinical outcome and therapeutic response rates of patients
with HPV* tumors, Modur and colleagues offer an
explanation: Lower EGFR expression in HPV* tumors result
in a lack of association of CD44 with EGFR in the cancer
stem cell compartment, with loss of activation of
downstream extracellular signal-regulated kinase (ERK)1-
ERK2 signaling (37, 38).

Another important molecule for EGFR signaling with an
prognostic impact is its ligand AREG (39). Overexpression
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of AREG has been linked to therapeutic resistance (40). In a
multivariate analysis of EGFR ligand expression and its
impact on prognosis of patients with HNSCC, AREG was
found to be the dominant predictor (41). Furthermore, Chang
and colleagues identified AREG expression as a potential
biomarker for TKI therapy (42). In HNSCC, Kogashiwa and
colleagues observed a better clinical outcome in patients with
higher AREG gene expression and cetuximab therapy in
comparison to patients with lower AREG expression (43). In
our investigations, we found lower AREG expression in the
HPV* CERV-196 cell line in comparison to UMSCC-11A
and UMSCC-14C tumor cells. AREG expression was
significantly reduced in UMSCC-11A and UMSCC-14C
after dasatinib, erlotinib and gefitinib treatment. Zhang and
colleagues reported augmented antitumor effects of erlotinib
after knockdown of phosphoinositide-dependent kinase 1, a
key kinase of the EGFR AREG signaling cascade (44).
Interestingly, UMSCC-14C was the only cell line in our
experiments in which nilotinib treatment significantly
lowered AREG expression. As the UMSCC-14C cell line
was derived from a patient with recurrent disease, a plausible
explanation may be due to therapeutic changes in AREG
signaling pathways. In UMSCC-11A, the reduction was not
significant, yet in CERV-196 cells, we observed a drastic
increase of AREG expression upon treatment with nilotinib.
The reasons for this observed up-regulation in the HPV* cell
line remain unclear; in a previous study, we found higher
SRC expression in HPV* cell lines upon nilotinib treatment
(45). Others have shown SRC-dependent induction of
nuclear EGFR translocation (46), which might have
contributed to our observed results. Summarizing, these
results support the need for a more sophisticated, patient-
(and tumor-) dependent analysis in order to identify the
optimal use of anti-EGFR therapies and improve patient
selection for individualized therapy, as resistance
mechanisms include AREG signaling pathways. Hsu and
colleagues identified a mechanism of TKI resistance to
erlotinib treatment through the YES-associated protein
(YAP)-dependent up-regulation of AREG expression (47).
After inhibition of YAP by small-interfering RNA, down-
stream signaling of AREG expression reduced significantly
and sensitivity erlotinib was restored, followed by reduced
migration, invasion and tumor sphere formation (47).

These results demonstrate that interactions between
selected TKIs and expression levels of key molecules in
cancer signaling and progression are distinct and depend on
the TKI used as well as the tumor’s HPV status. Therefore,
individualized, targeted cancer therapy needs to take these
findings into consideration in order to avoid or overcome
therapeutic resistance. Future therapeutic approaches are
required to consider and monitor the expression of different
molecular key factors in order to adjust the (TKI) treatment
to the patient’s individual needs.

Conflicts of Interest

The Authors declare no conflicts of interest.
Authors’ Contributions

Benjamin Kansy: Writing of the article, generation of tables, data
analysis, conception of the study. Christoph Aderhold: Performance
of experiments, data analysis. Lena Huber: Performance of
experiments, data analysis. Sonja Ludwig: Data analysis, writing of
the article. Richard Birk: Performance of experiments, data analysis.
Anne Lammert: Performance of experiments, data analysis. Stephan
Lang: Providing conceptional design of the study, data analysis.
Nicole Rotter: Providing conceptional design of the study, data
analysis. Benedikt Kramer: Writing of the article, generation of
tables, data analysis, conception of the study. The article was
critically reviewed by all Authors

Acknowledgements

The Authors would like to thank Petra Prohaska for technical
support  (medical  technical assistant; Department of
Otorhinolaryngology Head and Neck Surgery, University Hospital
Mannheim, University of Heidelberg). Statistical analysis was
performed in cooperation with Professor C. Weifl (Institute of
Biomathematics, University Hospital Mannheim, University of
Heidelberg, Germany).

References

1 Viens LJ, Henley SJ, Watson M, Markowitz LE, Thomas CC,
Thompson TD, Razzaghi H and Saraiya M: Human
papillomavirus-associated cancers - United States, 2008-2012.
MMWR Morb Mortal Wkly Rep 65(26): 661-666,2016. PMID:
27387669. DOI: 10.15585/mmwr.mm6526al

2 Van Dyne EA, Henley SJ, Saraiya M, Thomas CC, Markowitz LE
and Benard VB: Trends in human papillomavirus-associated cancers
- United States, 1999-2015. Morb Mortal Wkly Rep 67(33): 918-
924,2018. PMID: 30138307. DOI: 10.15585/mmwr.mm6733a2

3 Andtbacka RH, Kaufman HL, Collichio F, Amatruda T, Senzer
N, Chesney J, Delman KA, Spitler LE, Puzanov I, Agarwala SS,
Milhem M, Cranmer L, Curti B, Lewis K, Ross M, Guthrie T,
Linette GP, Daniels GA, Harrington K, Middleton MR, Miller
WH, Jr., Zager JS, Ye Y, Yao B, Li A, Doleman S, VanderWalde
A, Gansert J and Coffin RS: Talimogene laherparepvec improves
durable response rate in patients with advanced melanoma. J
Clin Oncol 33(25): 2780-2788, 2015. PMID: 26014293. DOI:
10.1200/jc0.2014.58.3377

4 Chung CH, Ely K, McGavran L, Varella-Garcia M, Parker J,
Parker N, Jarrett C, Carter J, Murphy BA, Netterville J, Burkey
BB, Sinard R, Cmelak A, Levy S, Yarbrough WG, Slebos RJ and
Hirsch FR: Increased epidermal growth factor receptor gene
copy number is associated with poor prognosis in head and neck
squamous cell carcinomas. J Clin Oncol 24(25): 4170-4176,
2006. PMID: 16943533. DOI: 10.1200/jc0.2006.07.2587

5 Canueto J, Cardenoso E, Garcia JL, Santos-Briz A, Castellanos-
Martin A, Fernandez-Lopez E, Blanco Gomez A, Perez-Losada
J and Roman-Curto C: Epidermal growth factor receptor
expression is associated with poor outcome in cutaneous

583



CANCER GENOMICS & PROTEOMICS /7: 579-585 (2020)

squamous cell carcinoma. Br J Dermatol /76(5): 1279-1287,
2017. PMID: 27510450. DOI: 10.1111/bjd.14936

6 Concha-Benavente F, Srivastava RM, Ferrone S and Ferris RL:
Egfr-mediated tumor immunoescape: The imbalance between
phosphorylated  STAT1 and  phosphorylated ~ STAT3.
Oncoimmunology 2(12): 27215, 2013. PMID: 24501692. DOI:
10.4161/onci.27215

7 Sharafinski ME, Ferris RL, Ferrone S and Grandis JR:
Epidermal growth factor receptor targeted therapy of squamous
cell carcinoma of the head and neck. Head Neck 32(10): 1412-
1421, 2010. PMID: 20848399. DOI: 10.1002/hed.21365

8 Srivastava RM, Lee SC, Andrade Filho PA, Lord CA, Jie HB,
Davidson HC, Lopez-Albaitero A, Gibson SP, Gooding WE,
Ferrone S and Ferris RL: Cetuximab-activated natural killer and
dendritic cells collaborate to trigger tumor antigen-specific T-
cell immunity in head and neck cancer patients. Clin Cancer Res
19(7): 1858-1872,2013. PMID: 23444227. DOI: 10.1158/1078-
0432.Ccr-12-2426

9 Reeves TD, Hill EG, Armeson KE and Gillespie MB: Cetuximab
therapy for head and neck squamous cell carcinoma: A systematic
review of the data. Otolaryngol Head Neck Surg /44(5): 676-684,
2011. PMID: 21493327. DOI: 10.1177/0194599811399559

10 Zhao B, Wang L, Qiu H, Zhang M, Sun L, Peng P, Yu Q and
Yuan X: Mechanisms of resistance to anti-egfr therapy in
colorectal cancer. Oncotarget 8(3): 3980-4000, 2017. PMID:
28002810. DDOI: 10.18632/oncotarget.14012

11 Li F, Tiede B, Massague J and Kang Y: Beyond tumorigenesis:
Cancer stem cells in metastasis. Cell Res 17(1): 3-14, 2007.
PMID: 17179981. DOI: 10.1038/sj.cr.7310118

12 Wang SJ, Wong G, de Heer AM, Xia W and Bourguignon LY:
CD44 variant isoforms in head and neck squamous cell
carcinoma progression. Laryngoscope //9(8): 1518-1530, 2009.
PMID: 19507218. DOI: 10.1002/lary.20506

13 Morath I, Jung C, Leveque R, Linfeng C, Toillon RA, Warth A
and Orian-Rousseau V: Differential recruitment of CD44
isoforms by ERBB ligands reveals an involvement of CD44 in
breast cancer. Oncogene 37(11): 1472-1484, 2018. PMID:
29321661. DOI: 10.1038/s41388-017-0030-1

14 Shoyab M, Plowman GD, McDonald VL, Bradley JG and Todaro
GJ: Structure and function of human amphiregulin: A member of
the epidermal growth factor family. Science 243(4894 Pt 1): 1074-
1076, 1989. DOI: 10.1126/science.2466334

15 Berasain C and Avila MA: Amphiregulin. Semin Cell Dev Biol 28:
31-41,2014. PMID: 2466334. DOL: 10.1016/j.semcdb.2014.01.005

16 Posner I, Engel M, Gazit A and Levitzki A: Kinetics of
inhibition by tyrphostins of the tyrosine kinase activity of the
epidermal growth factor receptor and analysis by a new
computer program. Mol Pharmacol 45(4): 673-683, 1994.
PMID: 8183246.

17 Qi WX, Shen Z, Lin F, Sun YJ, Min DL, Tang LN, He AN and
Yao Y: Comparison of the efficacy and safety of EFGR tyrosine
kinase inhibitor monotherapy with standard second-line
chemotherapy in previously treated advanced non-small-cell
lung cancer: A systematic review and meta-analysis. Asian Pac
J Cancer Prev 13(10): 5177-5182,2012. PMID: 23244131. DOI:
10.7314/apjcp.2012.13.10.5177

18 Engelman JA, Zejnullahu K, Mitsudomi T, Song Y, Hyland C,
Park JO, Lindeman N, Gale CM, Zhao X, Christensen J, Kosaka
T, Holmes AJ, Rogers AM, Cappuzzo F, Mok T, Lee C, Johnson
BE, Cantley LC and Jidnne PA: MET amplification leads to

584

gefitinib resistance in lung cancer by activating ERBB3
signaling. Science 316(5827): 1039-1043, 2007. PMID:
17463250. DOI: 10.1126/science.1141478

19 Bean J, Brennan C, Shih JY, Riely G, Viale A, Wang L, Chitale
D, Motoi N, Szoke J, Broderick S, Balak M, Chang WC, Yu CJ,
Gazdar A, Pass H, Rusch V, Gerald W, Huang SF, Yang PC,
Miller V, Ladanyi M, Yang CH and Pao W: Met amplification
occurs with or without T790M mutations in EGFR-mutant lung
tumors with acquired resistance to gefitinib or erlotinib. Proc
Natl Acad Sci USA 104(52): 20932-20937, 2007. PMID:
18093943. DOI: 10.1073/pnas.0710370104

20 Keating GM: Afatinib: A review in advanced non-small cell lung

cancer. Target Oncol 7/(6): 825-835, 2016. PMID: 27873136.

DOI: 10.1007/s11523-016-0465-2

Wind S, Schnell D, Ebner T, Freiwald M and Stopfer P: Clinical

pharmacokinetics and pharmacodynamics of afatinib. Clin

Pharmacokinet 56(3): 235-250, 2017. PMID: 27470518. DOI:

10.1007/s40262-016-0440-1

22 Dungo RT and Keating GM: Afatinib: First global approval.
Drugs 73(13): 1503-1515, 2013. PMID: 23982599. DOI:
10.1007/s40265-013-0111-6

23 Kantarjian H, Giles F, Wunderle L, Bhalla K, O’Brien S,
Wassmann B, Tanaka C, Manley P, Rae P, Mietlowski W,
Bochinski K, Hochhaus A, Griffin JD, Hoelzer D, Albitar M,
Dugan M, Cortes J, Alland L and Ottmann OG: Nilotinib in
imatinib-resistant CML and Philadelphia chromosome-positive
ALL. N Engl J Med 354(24): 2542-2551, 2006. PMID:
16775235. DOI: 10.1056/NEJMo0a055104

24 Tian X, Zhang H, Heimbach T, He H, Buchbinder A,
Aghoghovbia M and Hourcade-Potelleret F: Clinical
pharmacokinetic and pharmacodynamic overview of nilotinib, a
selective tyrosine kinase inhibitor. J Clin Pharmacol 58(12):
1533-1540, 2018. PMID: 30179260. DOI: 10.1002/jcph.1312

25 Horinkova J, Sima M and Slanar O: Pharmacokinetics of
dasatinib. Prague Med Rep 120(2-3): 52-63, 2019. PMID:
31586504. DOI: 10.14712/23362936.2019.10

26 McKnight BN and Viola-Villegas NT: Monitoring src status after
dasatinib treatment in HER2+ breast cancer with (89)Zr-
trastuzumab PET imaging. Breast Cancer Res 20(/): 130, 2018.
PMID: 30359299. DOI: 10.1186/s13058-018-1055-2

27 Xu C, Nikolova O, Basom RS, Mitchell RM, Shaw R, Moser
RD, Park H, Gurley KE, Kao MC, Green CL, Schaub FX, Diaz
RL, Swan HA, Jang IS, Guinney J, Gadi VK, Margolin AA,
Grandori C, Kemp CJ and Méndez E: Functional precision
medicine identifies novel druggable targets and therapeutic
options in head and neck cancer. Clin Cancer Res 24(12): 2828-
2843,2018. PMID: 29599409. DOI: 10.1158/1078-0432.Ccr-17-
1339

28 Pan Q, Li Q, Liu S, Ning N, Zhang X, Xu Y, Chang AE and
Wicha MS: Concise review: Targeting cancer stem cells using
immunologic approaches. Stem Cells 33(7): 2085-2092, 2015.
PMID: 25873269, DOI: 10.1002/stem.2039

29 Nassar D and Blanpain C: Cancer stem cells: Basic concepts and
therapeutic implications. Annu Rev Pathol /7: 47-76, 2016.
PMID: 27193450. DOI: 10.1146/annurev-pathol-012615-044438

30 Hu FW, Tsai LL, Yu CH, Chen PN, Chou MY and Yu CC:
Impairment of tumor-initiating stem-like property and reversal
of epithelial-mesenchymal transdifferentiation in head and neck
cancer by resveratrol treatment. Mol Nutr Food Res 56(8): 1247-
1258, 2012. PMID: 22692956. DOI: 10.1002/mnfr.201200150

2

—



Kansy et al: Expression of CD44 and AREG Under TKIs

31 Hufbauer M, Maltseva M, Meinrath J, Lechner A, Beutner D,
Huebbers CU and Akgul B: Hpv16 increases the number of
migratory cancer stem cells and modulates their miRNA
expression profile in oropharyngeal cancer. Int J Cancer /43(6):
1426-1439, 2018. PMID: 29663357. DOI: 10.1002/ijc.31538

32 Benson E, Li R, Eisele D and Fakhry C: The clinical impact of
hpv tumor status upon head and neck squamous cell carcinomas.
Oral Oncol 50(6): 565-574, 2014. PMID: 24134947. DOI:
10.1016/j.oraloncology.2013.09.008

33 Abhold EL, Kiang A, Rahimy E, Kuo SZ, Wang-Rodriguez J,
Lopez JP, Blair KJ, Yu MA, Haas M, Brumund KT, Altuna X,
Patel A, Weisman RA and Ongkeko WM: Egfr kinase promotes
acquisition of stem cell-like properties: A potential therapeutic
target in head and neck squamous cell carcinoma stem cells.
PLoS One 7(2): 32459, 2012. PMID: 22384257. DOL:
10.1371/journal.pone.0032459

34 Nasman A, Nordfors C, Grun N, Munck-Wikland E, Ramqvist
T, Marklund L, Lindquist D and Dalianis T: Absent/weak CD44
intensity and positive human papillomavirus (HPV) status in
oropharyngeal squamous cell carcinoma indicates a very high
survival. Cancer Med 2(4): 507-518, 2013. PMID: 24156023.
DOI: 10.1002/cam4.90

35 Roy S, Kar M, Roy S, Padhi S, Kumar A, Thakur S, Akhter Y,
Gatto G and Banerjee B: Inhibition of CD44 sensitizes cisplatin-
resistance and affects WNT/beta-catenin signaling in hnscc cells.
Int J Biol Macromol 749: 501-512, 2020. PMID: 31953176.
DOI: 10.1016/j.ijbiomac.2020.01.131

36 Baschnagel AM, Tonlaar N, Eskandari M, Kumar T, Williams L,
Hanna A, Pruetz BL and Wilson GD: Combined CD44, ¢c-MET,
and EGFR expression in pl6-positive and pl6-negative head and
neck squamous cell carcinomas. J Oral Pathol Med 46(3): 208-
213,2017. PMID: 27442811. DOI: 10.1111/jop.12478

37 Zhang M, Singh RK, Wang MH, Wells A and Siegal GP:
Epidermal growth factor modulates cell attachment to hyaluronic
acid by the cell surface glycoprotein CD44. Clin Exp Metastasis
14(3): 268-276, 1996. PMID: 8674281. DOI: 10.1007/bf00053900

38 Modur V, Thomas-Robbins K and Rao K: HPV and CSC in
HNSCC cisplatin resistance. Front Biosci 7: 58-66, 2015. PMID:
25553363.

39 Byeon SJ, Lee HS, Kim MA, Lee BL and Kim WH: Expression
of the erbb family of ligands and receptors in gastric cancer.
Pathobiology 84(4): 210-217, 2017. PMID: 28399526. DOI:
10.1159/000464250

40 Taniguchi H, Takeuchi S, Fukuda K, Nakagawa T, Arai S, Nanjo
S, Yamada T, Yamaguchi H, Mukae H and Yano S:
Amphiregulin triggered epidermal growth factor receptor
activation confers in vivo crizotinib-resistance of EML4-ALK
lung cancer and circumvention by epidermal growth factor
receptor inhibitors. Cancer Sci /08(1): 53-60, 2017. PMID:
27783866. DOI: 10.1111/cas.13111

41 Gao J, Ulekleiv CH and Halstensen TS: Epidermal growth factor
(EGF) receptor-ligand based molecular staging predicts
prognosis in head and neck squamous cell carcinoma partly due
to deregulated EGF- induced amphiregulin expression. J Exp
Clin Cancer Res 35(7): 151, 2016. PMID: 2766989. DOI:
10.1186/513046-016-0422-7

42 Chang MH, Ahn HK, Lee J, Jung CK, Choi YL, Park YH, Ahn
JS, Park K and Ahn MIJ: Clinical impact of amphiregulin
expression in patients with epidermal growth factor receptor
(EGFR) wild-type nonsmall cell lung cancer treated with EGFR-
tyrosine kinase inhibitors. Cancer /77(1): 143-151, 2011. PMID:
20803614. DOI: 10.1002/cner.25560

43 Kogashiwa Y, Inoue H, Kuba K, Araki R, Yasuda M, Nakahira
M and Sugasawa M: Prognostic role of epiregulin/amphiregulin
expression in recurrent/metastatic head and neck cancer treated
with cetuximab. Head Neck 40(11): 2424-2431, 2018. PMID:
30302873. DOI: 10.1002/hed.25353

44 Zhang Q, Thomas SM, Lui VW, Xi S, Siegfried JM, Fan H,
Smithgall TE, Mills GB and Grandis JR: Phosphorylation of
TNF-alpha converting enzyme by gastrin-releasing peptide
induces amphiregulin release and EGF receptor activation. Proc
Natl Acad Sci USA 103(18): 6901-6906, 2006. PMID:
16641105. DOI: 10.1073/pnas.0509719103

45 Kramer B, Kneissle M, Birk R, Rotter N and Aderhold C:
Tyrosine kinase inhibition in HPV-related squamous cell
carcinoma reveals beneficial expression of cKIT and SRC.
Anticancer Res 38(5): 2723-2731, 2018. PMID: 29715092. DOI:
10.21873/anticanres.12514

46 Bazzani L, Donnini S, Finetti F, Christofori G and Ziche M:
PGE,/EP3/SRC signaling induces EGFR nuclear translocation
and growth through EGFR ligand release in lung
adenocarcinoma cells. Oncotarget 8(79): 31270-31287, 2017.
PMID: 2841572. DOI: 10.18632/oncotarget.16116

47 Hsu PC, You B, Yang YL, Zhang WQ, Wang YC, Xu Z, Dai Y,
Liu S, Yang CT, Li H, Hu B, Jablons DM and You L: Yap
promotes erlotinib resistance in human non-small cell lung
cancer cells. Oncotarget 7(32): 51922-51933, 2016. PMID:
27409162. DOI: 10.18632/oncotarget.10458

Received May 6, 2020
Revised June 7, 2020
Accepted June 10, 2020

585



