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Relationship Between EGFR Expression in
Oral Cancer Cell Lines and Cetuximab
Antibody-dependent Cell-mediated Cytotoxicity
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Abstract. Background/Aim: Cetuximab treatment targets
the epidermal growth factor receptor (EGFR) overexpressed
in oral cancer. This study aimed to investigate the anti-
tumour activity of cetuximab against oral cancer cell lines
with respect to antibody-dependent cell-mediated cytotoxicity
(ADCC), and determine the correlation between ADCC and
EGFR expression. Materials and Methods: EGFR expression
in oral cancer cells was measured by quantitative flow
cytometric analysis and immunohistochemistry. ADCC
activity was measured by 4-h calcein release assays. Results:
Cetuximab-mediated ADCC against oral cancer cells was
detectable at a concentration of 0.1 ug/ml. A high
correlation was observed between the number of EGFR
molecules on the surface of oral cancer cells and ADCC
(correlation coefficient: 0.847; p=0.032). Conclusion: ADCC
is an important mechanism underlying the therapeutic effect
of cetuximab, and EGFR expression in tumour cells might
serve as a predictive marker to evaluate the effect of
cetuximab treatment.

Head and neck squamous cell carcinoma (HNSCC) is the sixth
most frequent type of cancer worldwide and oral squamous cell
carcinoma (OSCC) represents approximately 90% of all oral
neoplasms (1). Despite great therapeutic advances made over
the past few decades, morbidity remains high (2) and the five-
year survival rate for oral cancer has only moderately improved
(3). Therefore, more specific, effective, and less toxic therapies
are required for this disease. Epidermal growth factor receptor
(EGFR) is a member of the HER tyrosine kinase receptor
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family, which participates in cell death and proliferation, cell
motility, angiogenesis, and extracellular matrix composition
(4). It is commonly overexpressed in OSCC and is frequently
correlated with an aggressive phenotype, poor prognosis, and
resistance to anti-cancer therapy (5). Therefore, EGFR is an
attractive molecular target for anticancer strategies and anti-
EGFR monoclonal antibodies (mAbs), such as cetuximab and
panitumumab; small molecule tyrosine kinase inhibitors, such
as gefitinib and erlotinib, that target this receptor, have already
been developed (6). However, only cetuximab is currently
approved for the therapy of advanced OSCC (7). Cetuximab
therapy is effective for the treatment of recurrent and metastatic
OSCC, as a first-line treatment in combination with platinum-
based chemotherapy (8, 9) and as a second-line therapy for
patients with platinum-resistant disease; however, the ability of
EGFR expression to predict patient response to EGFR-targeted
therapeutic agents has not been sufficiently investigated, and
responses are limited to 10-20% of patients (10).

Cetuximab, a recombinant human-murine chimeric mAb,
specifically binds to EGFR on the cell surface and interferes
with downstream signal transduction (11). Consequently, it
inhibits tumour cell proliferation, invasion, metastasis, and
angiogenesis, and promotes tumour cell apoptosis (12, 13).
Moreover, cetuximab can potentially induce immunologic
anti-tumour effects, called antibody-dependent cell-mediated
cytotoxicity (ADCC), since it consists of a human IgGl
backbone (14). ADCC is triggered following binding of the
antibody Fc region to the CD16 Fc receptor on effector
immune cells such as natural killer (NK) cells, macrophages,
and granulocytes. In general, NK cells are the major effector
cells that mediate ADCC (15). Although occurrence of
ADCC in oral cancer cell lines in vitro has been
demonstrated in previous studies (16, 17), only few have
investigated its correlation with EGFR expression.

In this study, we investigated the biological activity of
cetuximab against oral cancer cell lines, regarding ADCC
activity, and determined whether ADCC correlates with the
EGFR expression levels on the cell surface.
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Materials and Methods

Cell lines and culture. Six oral cancer cell lines (Ca9-22, SAS,
SKN-3, HSC-4, OSC-19, and Ho-1-u-1) were used in this study; all
were obtained from the JCRB Cell Bank (Osaka Japan), cultured in
DMEM supplemented with 10% heat-inactivated FBS, 100 U/ml
penicillin, and 100 mg/ml streptomycin, and incubated at 37°C with
5% CO,.

Flow cytometric analysis. To analyse surface markers on effector
cells, cells were stained with FITC-, PE-, or APC-conjugated mAbs
against CD3, CD16, CD56, and NKG2D (Miltenyi Biotec, Bergisch
Gladbach, Germany). Cells were then washed and analysed using a
flow cytometer (Cytomics FC500, Beckman Coulter, Brea, CA,
USA). Cell surface EGFR expression was quantified by the
Quantitative Immunofluorescence Indirect assay (QIFIKIT, Dako,
Copenhagen, Denmark). This kit is composed of a series of
calibration beads coated with different, but well-defined, quantities
of mouse mAb molecules. Briefly, 105 cells were incubated with the
anti-EGFR antibodies (clone 528, Santa Cruz, CA, USA) and after
three washes with PBS, they were incubated with FITC-conjugated
secondary antibodies. Calibration beads of the kit were also
incubated with the same secondary antibodies. The samples were
analysed by flow cytometry (Cytomics FC500, Beckman Coulter).
The number of EGFR molecules on the surface of oral cancer cells
was calculated based on the equation of calibration curve constructed
using the mean fluorescence intensity of calibration beads. Data
acquisition and analysis, including regression of the calibration curve
and calculation of antigen quantity, were performed according to the
manufacturer's instructions.

Immunohistochemistry (IHC). Paraffin-embedded cell blocks were
prepared from each oral cancer cell line, which was fixed in 4%
paraformaldehyde. EGFR expression was examined by
immunohistochemistry using the Dako EGFR PharmDx kit (Dako).
The staining procedures were carried out according to the
manufacturer’s instructions.

Cell processing

Preparation of the FN-CH296 (RetroNectin®)-stimulated T (RN-T)
cells. FN-CH296 (RetroNectin®, Takara Bio, Siga, Japan)-
stimulated T (RN-T) cells were prepared as previously described
(18). Briefly, peripheral blood mononuclear cells (PBMCs; C-
12907, PromoCell, Heidelberg, Germany) were re-suspended in GT-
T551 culture medium (Takara Bio) supplemented with 0.5% heat-
inactivated human serum (Lonza, Basel, Switzerland) and IL-2
(Kohjin Bio, Saitama, Japan), and then transferred to a CultiLife215
bag (Takara Bio) that was pre-coated with both anti-CD3 antibody
(Miltenyi Biotec) and FN-CH296 (RetroNectin®, Takara Bio). On
day 4, the cells were transferred to a CultiLife Eva bag (Takara),
and diluted with GT-T551 medium containing human serum (0.5%)
and IL-2 every 3 or 4 days. Cells were cultured for 2 weeks, y-
irradiated, and then used as stimulators for NK-cell expansion.

Expansion of NK cells. NK cells were expanded as previously
described (19). Briefly, PBMCs (C-12907, PromoCell) were
suspended in culture medium supplemented with 1% heat-
inactivated human serum (Lonza), OK-432 (Chugai Pharmaceutical,
Tokyo, Japan), and IL-2. PBMCs were cultured for 3 weeks, adding
RT-N cells as a stimulator on day 1 and 7.
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Table I. EGFR expression analysis by quantitative flow cytometry
(QIFIKIT) in oral cancer cell lines.

Cell lines EGFR expression
(no. EGFR per cell)
Ho-1-u-1 1.13x105
OSC-19 3.26x105
HSC-4 4.24x105
SKN-3 4.39x105
SAS 5.55%105
Ca9-22 6.95x103

Growth inhibition assay. Cell viability was assessed by the Calcein-
AM method. Cells were plated at 104 cells/well in a 96-well plate.
Following an overnight incubation, cetuximab was added at various
concentrations (from 1 to 100 ug/ml). After 4 h, Calcein-AM
(Dojindo, Kumamoto, Japan) was added to each well, followed by
incubation for 30 min at 37°C; the fluorescence intensity was then
measured using a fluorescence microplate reader (Berthold, Mithras
LB940; excitation 485 nm, emission 538 nm). Cell viability was
evaluated based on the fluorescence intensity of target cells. Each
experiment was performed in triplicate for each drug concentration
and independently three times.

ADCC assay. ADCC was examined by performing a Calcein-AM
(Dojindo) release assay. NK cells were used as the effectors and oral
cancer cells (Ca9-22, SAS, SKN-3, HSC-4, OSC-19, and Ho-1-u-1)
were used as targets. After the target cells were labelled with
Calcein-AM (Dojindo) for 60 min, target (104 cells/well) and effector
cells at various effector:target (E:T) ratios were co-incubated in a 96-
well U-bottomed plate in triplicate for 4 h at 37°C with or without
cetuximab. Next, the supernatants were analysed using a
fluorescence microplate reader (Berthold, Mithras LB940; excitation
485 nm, emission 538 nm) to measure calcein release (cell death).
For maximal release, the target cells were lysed with 0.1% triton X-
100. The cytotoxicity and ADCC percentages were calculated using
the following formulas: cytotoxicity (%)=[(experimental fluorescence
— spontaneous fluorescence)/(maximum fluorescence — spontaneous
fluorescence)] x100; ADCC (%)=cytotoxicity (%, with cetuximab)
— cytotoxicity (%, without cetuximab).

Statistical analysis. The correlation between the EGFR expression
level and cetuximab-mediated ADCC was evaluated by univariate
regression analysis. p-Values <0.05 were considered to indicate
statistically significant results.

Results

Efficient expansion of NK cells. PBMCs were cultured for 21
days. The percentage of CD37/CD56* NK cells increased
from an initial 6.3% to 93.2% on day 21 of cell culture (372-
fold). The cell-surface expression levels of CD16 and
NKG2D, functional markers of NK cells, were then
examined. The proportions of NKG2D- and CD16-positive
cells increased from initial 19.6% and 6.3 % to 99.8% and
37.1% on day 21 of cell culture, respectively (Figure 1).
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Figure 1. Expansion of natural killer (NK) cells. Peripheral blood mononuclear cells (PBMCs) were stimulated with OK-432, IL-2, and RN-T cells
as described in the materials and methods. The percentage of CD3~/CD56% NK cells increased to 93.2% on day 21 of cell culture from 6.3% at
the start of culture. The NK cells were thus expanded 372-fold on day 21. The cell surface expression levels of CD16 and NKG2D, which are
considered functional markers of NK cells, were examined. The percentage of NKG2D- and CD16-expressing cells increased to 99.8% and 37.1%
on day 21 of cell culture from 19.6% and 6.3% at the start of culture, respectively.

Analysis of EGFR expression in oral cancer cell lines by
flow cytometry and IHC. We then measured the number of
EGFRs on each oral cancer cell line by quantitative flow
cytometric analysis. As shown in Table I, these cell lines
differed in terms of the number of EGFR molecules per cell,
with Ca-22 cells showing the highest and Ho-1-u-1 cells
having the lowest EGFR expression. IHC was also
performed to detect EGFR expression in oral cancer cell
lines. Immunostaining demonstrated clear expression of
EGFR in all oral cancer cell lines (Figure 2).

Direct growth inhibitory effect of cetuximab on oral cancer
cell lines. Cetuximab did not exert a direct effect on growth
inhibition in any of the cell lines examined, despite their

overexpression of EGFR. Even the highest concentration of
cetuximab (100 pg/ml) did not inhibit the growth of any of
the cell lines (Figure 3).

Cetuximab-mediated ADCC against oral cancer cell lines. To
determine whether cetuximab can induce ADCC against Ho-
1-u-1 cells, which were found to have the lowest EGFR
expression in this study, we performed calcein release assays
using NK cells at various E:T ratios. At higher E:T ratios
(12:1 and 6:1), cetuximab mediated augmented cytotoxicity,
which was greater than that observed with NK cells only
(Figure 4A). We also performed calcein release assays using
Ho-1-u-1 cells, with increasing doses of cetuximab and an
E:T ratio of 6:1. ADCC could be detected at a concentration
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Figure 2. Immunohistochemical staining for EGFR expression in oral cancer cell lines. Immunostaining for EGFR demonstrated clear protein

expression in all cell lines.

of 0.1 ug/ml and plateaued at 1 pg/ml (Figure 4B). These
data suggest that cetuximab concentrations exceeding 1 pg/ml
are enough for maximal ADCC.

Next, to evaluate the correlation between the cetuximab-
mediated ADCC and EGFR expression, we assessed ADCC
towards oral cancer cell lines with various EGFR levels
(cetuximab concentration, 1 pg/ml). ADCC was detected in all
oral cancer cell lines at various degrees, and the highest ADCC
for each cell line was detected at an E:T ratio of 12:1 (Figure
5). Under this condition, a marked correlation between ADCC
and the number of EGFR molecules on the cell surface was
observed (correlation coefficient, R=0.847; p=0.032; Figure 6).

Discussion

Cetuximab was developed as a human-murine chimeric
antibody derived from the murine antibody (M225), which
binds specifically to the ligand-binding domain of EGFR
(20). The primary mechanism of action of M225 is the
competitive antagonism of EGFR. Blocking the interaction
between EGFR and its endogenous ligand, and thus
inhibiting the downstream signal transduction cascade, can
achieve anti-tumour effects, cell-cycle arrest, the induction
of apoptosis, the inhibition of angiogenesis, the inhibition of
metastasis, internalization and downregulation of the EGFR,
and enhanced sensitivity to radiochemotherapy (21).
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Compared to these direct inhibitory effects on EGFR
signalling, immunological effects of M225, such as ADCC,
were reported to be slight (20, 22). Unlike M225, cetuximab
includes a human IgG1 constant region, and chimeric IgG1
antibodies can effectively elicit ADCC mediated by effector
cells (23). Although chimeric IgG1 antibodies have been
reported to be able to activate ADCC in effector cells (23),
the effect of cetuximab-mediated ADCC on oral cancer
remains to be clarified; only little information on this topic
has been reported, compared to that regarding the direct
inhibitory effect on EGFR signalling.

In this study, cetuximab-mediated ADCC against oral
cancer cell lines was detected at a low antibody
concentration, even though a high concentration of
cetuximab did not inhibit cell proliferation. Maximal ADCC
was observed at a concentration of 1.0 pug/ml. In a phase I
study of cetuximab, using a schedule comprising of an initial
dose of 400 mg/m?, followed by a weekly maintenance dose
of 250 mg/mz, the mean Cmax and Cmin concentrations at
steady state were reported to be 157.76+30.49 ug/ml and
55.77£15.51 pg/ml, respectively (24). Based on previous
reports, the average plasma concentration of cetuximab in
cancer patients is estimated to be within the range of 56 to
100 pg/ml under current clinical dosing regimens (25).
However, regarding the cetuximab concentrations in
tumours, the results of previous studies have been variable,
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Figure 3. Growth inhibitory effect of cetuximab alone on oral cancer cell lines. Cells were treated with the indicated concentrations of cetuximab
(1-100 ug/ml) and proliferation was measured by the Calcein-AM method after 4 h.
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Figure 4. Cetuximab-mediated cytotoxicity against Ho-1-u-1 cells. (A) The effect of cetuximab on the survival of Ho-1-u-1 cells, the cell line
expressing the lowest level of EGFR in this study, was determined. Natural killer (NK) cells, at four different effector-to-target cell (E:T) ratios,
were examined for cytotoxicity in the presence or absence of cetuximab (10 ug/ml). (B) Concentration-dependence of cetuximab-mediated antibody-
dependent cell-mediated cytotoxicity (ADCC) activity against Ho-1-u-1 cells.
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Figure 5. Cetuximab-mediated antibody-dependent cell-mediated cytotoxicity (ADCC) against oral cancer cell lines (cetuximab concentration, 1 ug/ml).
Cytotoxicity was assessed by performing Calcein release assays in the presence of natural killer cells (effector cells). The highest ADCC activity in

each cell line was observed at an effector-to-target cell (E:T) ratio of 12:1

indicating that levels are four-fold higher (26) to 50-100-fold
lower (25) in tumour cells than in serum. A cetuximab
concentration of 1.0 pg/ml, which induced maximal ADCC
in our experiments, is almost within these ranges. Therefore,
maximal ADCC mediated by cetuximab could be obtained
based on current clinical regimens. Moreover, the
concentration of 1.0 pg/ml is lower than that required to
obtain the maximum inhibition of growth via EGFR
inhibitory mechanisms in vitro (greater than 1.25 ug/ml)
(27). These data suggested that ADCC can be induced
effectively at a comparatively low dose and could play an
important role in the therapeutic activity of cetuximab.

NK cells are considered the major effector cells related to
ADCC both in physiological and therapeutic settings (28). In
the present study, using activated NK cells as effector cells,
cetuximab mediated-ADCC was detected in all oral cancer cell
lines. However, NK cells in cancer patients are generally
considered to be impaired due to many mechanisms including
reduction in their numbers, imbalances in activating and

1280

inhibitory receptors, impaired activation of signalling cascades,
and immunosuppressive cytokines. Kawaguchi et al. reported
that conventional therapeutic mAb-mediated ADCC is impaired
in advanced disease compared to that in early disease (29).
Therefore, augmenting ADCC in cancer patients or those under
immunosuppressive conditions may enhance the clinical
efficacy of therapeutic mAbs. Removal of fucose from antibody
oligosaccharides attached to Asn?’’ of the heavy chain
(defucosylation) has been shown to significantly enhance Fc
receptor binding affinity between Fc receptors on NK cells and
mAbs, compared to that with conventional antibodies, hence
leading to augmented ADCC (30, 31). Thus, defucosylation
technology is considered to be one of the most powerful
approaches to enhance the clinical effect of therapeutic mAbs.
However, there has been only one report indicating the utility
of defucosylated cetuximab with respect to ADCC (32).
Previous studies had investigated the effect of EGFR
expression levels on the mechanisms associated with
cetuximab; however, discordant results were reported. Patel
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Figure 6. Correlation between EGFR expression levels cell surface and
antibody-dependent cell-mediated cytotoxicity (ADCC) in six oral
cancer cell lines (correlation coefficient, R=0.847, p=0.032).

et al. suggested that cetuximab-elicited ADCC against a
panel of various tumour cell lines depends on EGFR
expression levels on the cell surface (33). On the other hand,
Kurai et al. reported that ADCC against lung cancer cell
lines had no linear correlation with cell surface EGFR
expression (34). These reports together suggest that ADCC
is affected by numerous factors. Our study showed that
cetuximab-mediated ADCC is highly correlated with the
number of surface EGFR molecules on oral cancer cell lines.

In conclusion, cetuximab has ADCC activity against oral
cancer cells with EGFR expression, but does not exert direct
effect on growth inhibition; ADCC depends on the number
of EGFR surface molecules. These observations suggest
ADCC as one of the important processes associated with the
therapeutic effect of cetuximab and that EGFR levels on
tumour cells may serve as predictive markers to evaluate the
efficacy of cetuximab treatment.
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