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Abstract

Purpose The interaction of Fc fragments of antibodies
with the Fcy receptors is an essential checkpoint in anti-
body-dependent cellular cytotoxicity (ADCC). Specific
polymorphisms at position 158 enhance FcyRIIla affinity
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for IgG1 and are associated with improved clinical out-
come in lymphoma patients treated with IgG1 anti-CD20
antibody. The role of ADCC in the therapeutic effects of
the o-epidermal growth factor receptor (EGFR) mAb,
cetuximab, in patients with squamous cell carcinoma of the
head and neck (SCCHN) is poorly defined. We employed
three SCCHN cell lines to test two hypotheses: (1) SCCHN
is susceptible to cetuximab-mediated ADCC, (2) efficacy
of ADCC is associated with polymorphisms at position 158
of FcyRlIlIa.

Experimental design FcyRIIla-158 polymorphisms were
determined for healthy donors, and their purified NK cells
were used as effector cells against three SCCHN cell lines
in ADCC assays. Cytotoxicity levels were compared for
each polymorphism class. Proliferation and cell cycle
assays were done to examine the direct effects of
cetuximab.

Results  Our results indicate that SCCHN is susceptible
to cetuximab-mediated ADCC in vitro. NK cytotoxic
efficiency correlates with donor 158-polymorphisms in
FcyRlIIIa. Overall cytotoxicity was greatest for individuals
having a single V allele when compared to homozygous F/
F individuals; the cumulative percent cytotoxicity for each
polymorphism among the cell lines was 58.2% V/V, 50.6%
V/F, and 26.1% F/F (P < 0.001). Additionally, the pres-
ence of a V allele correlated with superior natural
cytotoxicity against NK sensitive targets.

Conclusion These data have both prognostic and thera-
peutic relevance and support the design of a prospective
trial to determine the influence of FcyRIIla polymorphisms
on the clinical outcome of patients with SCCHN treated
with «-EGFR mAbs.

Keywords SCCHN - Cetuximab - ADCC - NK -
Polymorphisms
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Introduction

Squamous cell carcinoma of the head and neck (SCCHN)
affects nearly 40,000 new patients in the United States
annually and half a million worldwide, accounting for
nearly 5% of all new solid tumors [18]. Current SCCHN
organ preservation options combine chemotherapy and
radiation while newer approaches incorporate targeted
therapeutics. Currently, the only approved targeted therapy
for SCCHN is the epidermal growth factor receptor
(EGFR) inhibitor, cetuximab (Erbitux®). Between 80 and
100% of SCCHNSs over-express the EGF receptor, and the
levels of over-expression are critical to overall tumor sur-
vival and are associated with increased treatment failures
[1, 15]. Despite evidence that cetuximab in combination
with radiotherapy improves outcome, its impact on both
response rate and survival is incremental, with significant
individual variability [4, 6, 7, 11]. One means to improve
the therapeutic benefit of cetuximab is to define the pop-
ulation most likely to respond, through improved
characterization of mode of action.

It is postulated that cetuximab’s primary mechanism of
action results from EGFR blockade. Cetuximab is an
IgG1 «-EGFR chimeric mAb that blocks the binding of
natural receptor-ligand interactions, preventing ligand-
dependent homodimerization, intracellular autophospho-
rylation, and activation of intracellular cascades that
control cellular proliferation, adhesion, angiogenesis, and
apoptosis [9, 10, 14]. Binding of cetuximab to the EGFR
leads to internalization and degradation of the antibody—
receptor complex and down-regulation of EGFR expres-
sion [6]. Because of the high propensity for over-
expression of EGFR on SCCHN, cetuximab’s ability to
block EFGR is especially advantageous in head and neck
cancer.

Another potential mechanism of action of cetuximab,
which has remained largely unexplored to date, is anti-
body-dependent cellular cytotoxicity (ADCC). ADCC is
increasingly recognized as an important component of the
clinical efficacy seen in targeted antibody therapy for
solid tumors [6, 10, 20]. Growing experience with mAb
targeted therapy in lymphoma patients demonstrates that
select subpopulations experience superior clinical out-
comes based upon FcyRIlla polymorphisms known to
influence ADCC. The most relevant polymorphisms reg-
ulating Fc:FcR interactions are phenylalanine (F) or
valine (V) expression at position 158 of the Fc fragment
[12, 19]. Indeed, Weng et al. demonstrated that the clin-
ical response to rituximab in patients with non-Hodgkin’s
lymphoma is predicted by the specific FcyRIIla (CD16)
polymorphism that they possess [33]. Similarly, in
another study involving lymphoma patients treated with
rituximab, individuals possessing the FcyRIIla 158 V/V
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genotype experienced a better tumor response and sur-
vival [5]. It is postulated that the higher affinity binding
of FcyRIlla containing a V allele enhances ADCC and
improves clinical response.

In this study we show for the first time that cetuximab
can mediate ADCC in SCCHN, and more importantly, that
these effects are more pronounced in individuals with a V
at position 158 on FcyRIIla. Unexpectedly, we also found
that the presence of a V allele in donor NK cells is asso-
ciated with enhanced tumoricidal activity against the NK
sensitive K562 cell line, suggesting a broader enhanced
cytotoxic phenotype associated with the V allele. Our
results support the design and implementation of a clinical
trial correlating FcyRIIIa polymorphisms with outcomes in
SCCHN patients treated with cetuximab.

Materials and methods
Cell culture

Squamous cell carcinoma of the head and neck cell lines
TU167 and TU159 were obtained from the University of
Texas MD Anderson Cancer Center (Houston, TX, USA).
The cell line 012SCC was donated by Bert O’Malley
from the University of Pennsylvania School of Medicine
(Philadelphia, PA, USA). Cells were cultured in RPMI
1640 complete media containing 10% heat-inactivated
fetal bovine serum (Atlanta Biologics, Lawrenceville,
GA, USA), 1% L-glutamine (Gibco, Carlsbad, CA, USA),
1% penicillin—streptomycin (Gibco, Carlsbad, CA, USA),
and 1% HEPES buffer (Mediatech Inc., Herndon, VA,
USA).

Flow cytometry

Squamous cell carcinoma of the head and neck cell lines
were stained with the FITC-conjugated rat o-human
EGFR mAb, clone ICR10 (Chemicon, Temecula, CA,
USA) and APC-labeled cetuximab. Cetuximab was
obtained from the University of Maryland School of
Medicine, Marlene and Stewart Greenebaum Cancer
Center Pharmacy (Baltimore, MD, USA) and conjugated
by Invitrogen (Thousand Oaks, CA, USA) with APC
fluorochrome. All SCCHN cell lines were also stained for
o-human CDI16 expression (BD Biosciences, San Jose,
CA, USA). To evaluate NK purity after negative selec-
tion, isolated cells were stained with directly conjugated
mouse o-human mAbs against CD56, CDllc, CDI16,
CD14, and CD3 (BD Biosciences, San Jose, CA, USA). A
minimum of 10,000 events were acquired using a BD™
LSR II flow cytometer and analyzed with BD FACS
DIVA Software.



Cancer Immunol Immunother (2009) 58:997-1006

999

NK cell separation

Healthy human buffy coat in acid citrate dextrose anti-
coagulant was purchased from Biological Specialty
Corporation (Colmar, PA, USA). PBMCs were isolated
from the buffy coat using Ficoll-Hypaque centrifugation
method. NK cells were then negatively selected using a
MACS® human NK cell isolation kit (Miltenyi Biotec,
Auburn, CA, USA).

Determination of FcyRIIla polymorphisms

Genomic DNA from human PBMCs was obtained using the
Qiagen DNA extraction kit (Qiagen, Valencia, CA, USA)
and stored at —20°C. The FcyRlIlla valine, V, or phenylal-
anine, F, at position 158 was determined by polymerase
chain reaction (PCR), as described by Nieto et al., with
modifications [26]. Briefly, the PCR reaction was optimized
using 250 ng of DNA, 0.5 mM dNTPs, 1 U GoTaq poly-
merase (Promega, Madison, WI, USA) and corresponding
1 x buffer containing 1.5 mM MgSOQO, to a final volume of
50 pl. For PCR amplification, samples were subjected to an
initial denaturation step at 94°C for 5 min, followed by 35
cycles at 94°C for 40 s, 52°C for 1 min, 72°C for 1 min, and
a final extension at 72°C for 5 min.

Amplified PCR samples were cleaned using phenol
extraction and ethanol precipitation prior to restriction
digestion. Two digestions per sample were performed to
distinguish the FcyRIIIa polymorphisms. First, 10 pl of the
PCR product was incubated at 37°C overnight with 10 U of
Rsal with the appropriate 1x buffer (Promega, Madison,
WI, USA) to a final volume of 20 pl. For the second
digestion, 10 pl of the Rsal digested sample was subse-
quently incubated at 37°C overnight with 40 U of Eco1301
with the appropriate 1x buffer (Fermentas, Hanover, MD,
USA) to a final volume of 30 pl. Both Rsal and Rsal/
Eco130I digested products were separated on a 3% agarose
gel with ethidium bromide and visualized under UV light.

Antibody-dependent cellular mediated cytotoxicity

Antibody-dependent cellular cytotoxicity assays were per-
formed using SCCHN cells as targets, and purified NK
cells as effectors. Target cells were incubated with 150 pCi
of chromium-51 (5 lCr) (Amersham, Piscataway, NJ, USA)
at 37°C for 1 h, mixing thoroughly every 15 min, and
washed twice with media. Cells were subsequently incu-
bated with 10 pg/ml of cetuximab, 10 pg/ml of human
IgGl isotype, or media alone for another 30 min at 37°C,
and washed twice with media to remove unbound anti-
bodies. Effector and target cells were plated at 50:1, 25:1,
and 12.5:1 in 96 well plates and incubated overnight. Each
assay was set up in triplicate. Cell lysis supernatant was

collected and mixed with the Optiphase Supermix scintil-
lation fluid (Perkin Elmer, Boston, MA, USA) and counted
in a MicroBeta 1450 scintillation counter (Wallac, Turku,
Finland). The NK sensitive K562 tumor cell line was used
as a positive control for all ADCC experiments. Results
were expressed as the percentage of specific lysis accord-
ing to the following formula:

(Experimental cpm — spontaneous cpm)
x 100/(maximum cpm — spontaneous cpm).

Thymidine proliferation assay

Growth inhibition of SCCHN in the presence of cetuximab
was evaluated using thymidine assays. Each cell line was
seeded at day 1 to a 96-well tissue culture plate at
0.1 x 10* cells/well in 100 pl RPMI complete media. For
dose-dependent inhibition assays, cetuximab or IgG1 iso-
type controls were added to final concentrations of 10, 0.1,
0.01, 0.001, and 0.0001 pg/ml to the appropriate wells. For
media only controls, 100 pl of media was added to the
appropriate wells. Plates were incubated at 37°C in a 5%
CO, atmosphere for 48 h. Thymidine was added on day 3
to a concentration of 1 puCi/well, and plates were incubated
for an additional 14-16 h. Cells were embedded onto
collection filters using the Packard Cell Harvester (Packard
Biosciences, Shelton, CT, USA). The filters were dried and
counted in f-scintillation fluid using the MicroBeta 1450
scintillation counter (Wallac, Turku, Finland).

Cell cycle distribution

A BrdU Flow Kit (BD Pharmingen, San Jose, CA, USA)
with 7-AAD was utilized to determine the effect of ce-
tuximab on SCCHN cell cycle and DNA content. Tumor
cells were seeded in 6-well plates at 1.5 x 10° cells/well.
Cetuximab or isotype controls were introduced at 10 pg/ml
and incubated for 48 h. Then the cells were pulsed with
BrdU on day 3 for 4 h at 37°C, and stained according to
manufacturer’s protocol.

Statistical methods

Statistical analyses were performed using the SAS statis-
tical software (SAS version 9.1; SAS Institute, Cary, NC,
USA) and S-plus. Mean cytotoxicity was computed for
each polymorphism according to the equation listed pre-
viously. Welch modified two-sample #-test (if the normality
was not plausible), Student’s #-test (a Q—Q plot was used to
assess the correctness of normality assumption) and anal-
ysis of variance were used to determine statistically
significant differences in mean cytotoxicity among cells
bearing FcyRIIla polymorphisms. Differences were con-
sidered to be significant at P-value below 0.05.
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Fig. 1 Epidermal growth factor receptor expression in SCCHN
tumor cell lines. SCCHN cell lines TU167, TU59, and 012SCC were
stained with a o-EGFR mAb (clone ICR10) with an IgG2a isotype
control and b Cetuximab with human IgGl isotype control. Open

Results
FcyRIIIa polymorphism distribution

To establish the genotype of the FcyRIlIla for each donor,
we modified an existing protocol to obtain a robust PCR
amplification/restriction digest methodology that permitted
the typing of each donor sample. We evaluated the fre-
quency of polymorphisms at amino acid 158 from 45
samples, which included 17 fresh donor PBMCs that were
used for ADCC studies and an additional 28 frozen donor
PBMC samples. The frequency for F allele was calculated
to be 0.70, and V allele to be 0.30.

The combined distribution of polymorphic classes from
our fresh and frozen donors was 51.1% F/F, 37.8% V/F,
and 11.1% V/V.

Cetuximab treatment of NK cells containing
the FcyRlIIla V allele increases efficiency
of ADCC against SCCHN

In order to develop a model system to study ADCC for

SCCHN, we initially characterized the EGFR expression
on our tumor targets. We confirmed the EGFR over-
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histograms represent the isotype control. Filled histograms represent
the mAbs staining. All cell lines show a comparable shift for both
o-EGFR and cetuximab mAbs

expression for the three different tumor cell lines (TU167,
TU159, and 012SCC) utilized in this study using both a
monoclonal rat-derived a-human EGFR antibody and ce-
tuximab (Fig. 1). In order to rule out positive staining due
to secondary Fc binding, each tumor cell line was stained
for the expression of FcyRIIla (CD16) using commercially
available o-CD16 mAb. Our data indicate that none of the
SCCHN cell lines expressed CD16 (data not shown).

We first employed TU167 to determine whether cetux-
imab mediates ADCC, and to define the impact of FcyRIIla
polymorphisms. In our initial study, we employed TU167 as
target cells. We found that cetuximab-mediated ADCC is
enhanced against this cell line in individuals possessing a V
allele at all effector to target ratios (Fig. 2). Combinatorial
analysis of all ADCC experiments against TU167 revealed
that donors with either V/V (64.0%) or V/F (47.5%) had
superior cytotoxic activity against TU167 when compared
to NK cells from F/F (22.5%) individuals at a 50:1 effector
to target (E:T) ratio, (P = 0.04 and 0.004, respectively).
This effect is not cell line specific as the advantage of
having at least one V allele when compared to F/F was also
seen for 012SCC, where individuals with at least one V
allele (V/V and V/F) had a combined mean percent cyto-
toxicity of 65.0% compared to 34.5% for those with F/F
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Fig. 2 NK FcyRIlla polymorphisms influencing cytotoxic activity on
cetuximab-treated SCCHN TU167. a NK cells purified from PBMCs
of healthy donors expressing either F/F, V/F, or V/V alleles were
tested for cytotoxicity against TU167 in a standard *'Cr-release assay.
Before addition of effector cells, TU167 target cells were pretreated
with media alone (dark filled diamond), human IgG1 isotype control
at 10 pg/ml (dark filled square), or cetuximab 10 pg/ml (dark filled
triangle). Data are representative of independent experiments per-
formed in triplicates, with error bars indicating SEM. b NK cells

(P = 0.0019) at 50:1 ratio. While we observed a similar
trend in polymorphism-associated killing against TU159,
differences were not statistically significant. This lack of

Table 1 Summary of cetuximab dependent ADCC on TUI167,
TU159, and 012SCC

Cell lines F/F V/IF v
TU167 (range) 24.88 (2-42) 47.57 (13-93) 64 (49-91)
Sample size (n) 7 7 3

TU159 (range) 32.5 (6-66) 40 (38-42) 41

Sample size (n) 4 2 1

012SCC (range) 34.5 (19-50) 72 (62-82) 58

Sample size (n) 2 2 2

Data represents all ADCC experiments performed on three SCCHN
cell lines with various Fcyllla receptor polymorphisms at effector to
target ratio of 50:1. Results for each polymorphism per cell line is
indicated in average percent cytotoxicity, and the range of percent
cytotoxicity from lowest to the highest

purified from PBMCs of 17 individual donors F/F (open diamond),
V/F (open square), and V/V (open triangle) alleles were tested for
cytotoxicity against the TU167 SCCHN cell line using a standard
ICr-release assay. Before addition of effector cells TU167 targets
were pretreated with media alone, human IgGl isotype control at
10 pg/ml, or cetuximab at 10 pg/ml. Donors with either FcyRIlla V/V
or FcyRIlla V/F demonstrated significantly higher percent cytotox-
icity compared to FcyRIlla F/F, when incubated with 10 pg/ml
cetuximab (P = 0.04 and 0.004, respectively)

significance was most likely due to the small sample size.
Using an analysis of variance, we determined that there was
a significant difference among the cumulative mean percent
cytotoxicity for each polymorphism against all three
SCCHN cell lines at 50:1 effector to target ratio: 58.2% V/V,
50.6% V/F, and 26.1% F/F (P < 0.001). Cetuximab-treated
SCCHN cell lines were subjected to higher levels of ADCC
compared with cells treated with isotype controls or media
alone. These data provide strong evidence for cetuximab-
mediated ADCC in SCCHN, and demonstrate a direct
correlation between cytotoxicity and the presence of a V
allele at position 158 of FcyRIlla (Table 1).

The presence of a V allele is associated with enhanced
NK killing of NK sensitive targets

Our study and others have demonstrated that the presence
of a V allele at position 158 enhances ADCC in both

@ Springer
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Fig. 3 FcylllaR V polymorphism is associated with enhanced natural
cytotoxicity against K562 tumor targets. Tumor cell line K562 was
subjected to direct NK cytotoxicity in the absence of antibody. Shown
here, NK cells from healthy donors bearing FcylllaR F/F (open
diamond), V/F (open square), and V/V (open triangle) alleles were
tested for cytotoxicity against K562 using a standard °'Cr-release
assay

SCCHN and lymphoma [16, 32, 33]. However, it is
uncertain whether the impact of such polymorphisms cor-
relates with other important intrinsic differences in NK
cytotoxic potential. In order to test the hypothesis that NK
cells with a V allele are associated with an enhanced
cytotoxic potential unrelated to ADCC, we evaluated the
cytotoxic ability of NK cells stratified by FcyRIIla poly-
morphisms, against K562 tumor target, which is MHC
Class I deficient. Interestingly, we observed that the pres-
ence of a V allele in donor NK cells was associated with
significantly enhanced cytotoxicity against the NK sensi-
tive K562 target (Fig. 3). Using the Welch modified two-
sample r-test, we determined that donors possessing
FcyRIIla V/F and V/V at 50:1, 25:1 and 12.5:1 have sig-
nificantly higher cytotoxic activity than that of FcyRIlla
F/F donors (P = 0.17, 0.044, and 0.043 respectively,
CI = 90%). These data for the first time suggest that NK
cells containing a single V allele provide better direct
tumor killing in an antibody-independent manner.

Cetuximab induces anti-proliferative effects

In addition to studying cetuximab-mediated ADCC in
SCCHN, we set out to evaluate the direct, anti-proliferative
effect of cetuximab on SCCHN, using thymidine prolifer-
ation assays. A significant dose-dependent inhibition on
cell growth was observed on TU159 in concentrations
ranging between 10 pg/ml and 10 pg/ml of cetuximab
when compared to cells cultured with isotype controls
(Fig. 4). Interestingly, there was no dose-dependent inhi-
bition observed with TU167 and 012SCC and the effect on
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Fig. 4 Dose-dependent anti-proliferative activity of cetuximab mea-
sured by [°H] thymidine assays. TU159 cell line was cultured in the
presence of various concentrations of cetuximab for 72 h. Prolifer-
ation was measured by thymidine incorporation. Cetuximab
significantly inhibited TU159 in a dose-dependent fashion

proliferation of these two cell lines when co-incubated with
cetuximab was less sensitive compared to TU159. Thus,
among the three EGFR over-expressed (>90%) cell lines,
inhibition by cetuximab did not correlate with EGFR
expression.

In order to understand how cetuximab influences tumor
growth, we employed BrdU/7-AAD strategy to determine
the effects of cetuximab on the cell cycle. TU159 showed
an approximate twofold increase in G2 + M phase of the
cell cycle, while no overt pro-apoptotic effect was induced
by cetuximab (Fig. 5). Consistent with our proliferation
studies, 012SCC and TU167 did not demonstrate signifi-
cant reductions in DNA synthesis. Distinct from its likely
role in ADCC, cetuximab may demonstrate a specific anti-
proliferative effect on SCCHN. This experiment supports
the ability of cetuximab in directly inhibiting SCCHN
growth, in some instances, via blockade of the EGFR
mechanism rather than direct cytotoxicity.

Discussion

Targeted therapy with monoclonal antibodies, such as ce-
tuximab, is an integral part of the management of a wide
range of malignancies [2, 8, 20, 25, 33, 35]. In the present
study, we demonstrate for the first time evidence for ce-
tuximab-mediated ADCC in vitro among three different
SCCHN cell lines. The effectiveness of ADCC is associ-
ated with FcyRIlla donor polymorphisms recognized to
enhance Fc:FcR interactions. Importantly, we also show
that the presence of a V allele correlates with the ability of
NK cells to kill sensitive targets in the absence of antibody.
These data provide insight into the mechanism of action of
cetuximab for SCCHN, and contribute to an increasing
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Fig. 5 Cell cycling and DNA synthesis activity of TU159 with
10 pg/ml cetuximab. Panels a, b, and c¢ indicate representative
experiments for TU159 in media alone, 10 pg/ml isotype control or
10 pg/ml cetuximab respectively. With cetuximab incubation, an

body of literature clarifying the role of FcyRIIla poly-
morphisms in ADCC.

While the clinical relevance of ADCC is difficult to
establish, we provide in vitro data that supports its presence
in SCCHN. Several recent studies also provide strong
evidence supporting the impact of ADCC in targeted
therapies for lymphoma, esophageal, melanoma, and colon
cancer [20, 25, 32, 35]. For example, Weng and Levy have
demonstrated a rituximab-mediated cytotoxicity (ranging
from 13.5 to 100%) for lymphoma cells from 43 patients
using effector cells from healthy donors [32]. Recently,
Kurai has provided evidence for cetuximab-mediated
ADCC using low-expressing EGFR lung cancer cell lines
as targets and healthy donor PMBCs as effectors. In this
study, Kurai demonstrated that NK cells were the effector
cells responsible for ADCC and that their cytotoxicity was
enhanced by IL-2 [20]. Similarly, Naramura et al. dem-
onstrated evidence for ADCC in a melanoma tumor model.
These reports are consistent with and support our finding
demonstrating that cetuximab mediates ADCC in SCCHN.

Perhaps the most compelling support for the clinical
contribution of ADCC relates to the observation that
polymorphic variations of NK FcyRIIla influence clinical
response and survival [32, 33]. This observation, coupled
with the fact that NK cells are the principle effector cells
facilitating ADCC, lends support to the clinical relevance
of ADCC as an important mechanism of action for cetux-
imab. The V allele not only confers more efficient ADCC
in vitro, but is also associated with better clinical outcomes.
In addition to providing evidence for ADCC, our data also
convincingly show that donor NK cells that contain a
FcyRIIla V polymorphism at position 158 demonstrate
more efficient cytotoxicity against SCCHN cell lines. This
important finding was seen in all three SCCHN cell lines.
However, given the infrequency of homozygous V donors
and relatively small number of samples, we did not see a
statistically significant higher cytotoxicity to determine
superiority of V/V over V/F. Incidentally, the frequency of

increase in phase G2 + M (P5 quadrant) was observed compared to
isotype control. S-phase (P6 quadrant) was decreased by at least
twofold in panel ¢ compared to panels a and b

the V allele in our sample of donors was 0.3, which is in
keeping with the frequency found by others [5, 32, 35].
These findings are significant because they may have
profound implications for the identification of SCCHN
patients most likely to respond to cetuximab.

Other investigators also provide support for an enhanced
effect of the 158-V polymorphism. Hatjiharissi et al.
demonstrated the superior effect of having a single V allele
on ADCC against two CD20 expressing target cells lines
using rituximab and NK cells from 52 healthy donors [16].
Not only was rituximab-mediated ADCC activity higher
with the presence of at least one valine compared to those
homozygous for phenylalanine, but there was also a higher
absolute number of CD16 receptors per NK cell for donors
who expressed at least one V allele. It also has been well
established that FcyRIIla V binds to human IgG1 better
than the FcyRIlla F, and this increased affinity of the
FcyRIIla V translates to an enhanced ADCC in the pres-
ence of NK cells [29, 31]. Optimizing the binding of
FcyRlIlla to the Fc portion of targeted mAbs may offer an
effective mechanism to overcome individual variability in
Fc:FcR interactions. Mechanistically, these data suggest
that it is not only the higher affinity binding of the Fc:FcR
for the V allele that confers ADCC benefits, but the higher
absolute number of CD16 receptors among individuals
with the V allele may contribute to the superiority observed
by many investigators.

Additionally, there have been clinical studies reporting
that individuals homozygous for the V allele have an
advantage over those that are either heterozygous V/F or
homozygous F. A retrospective clinical review of 136
lymphoma patients demonstrated a clinical 5-year pro-
gression free survival (PFS) for V/V, V/F, and F/F equaling
77, 38, and 48%, respectively [32]. Another analysis of 87
lymphoma patients by Weng et al. confirmed the clinical
benefits of homozygous V with a 2-year PFS for V/V, V/F,
and F/F that was 45, 12, and 16%, respectively [33]. In
contrast to the in vitro studies, these clinical findings
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suggest that lymphoma patients with the homozygous V
allele may experience better clinical outcomes when trea-
ted with rituximab.

While there is compelling support for the positive effect
of a V allele on ADCC, there are studies that do not
maintain this position. Zhang et al. recently suggested that
V/V at amino acid position 158 was unfavorable among 35
patients with disseminated colon cancer [35]. However,
only 5 (14%) of the patients in this study were V/V and the
benefit attributed to having an F was not statistically sig-
nificant in this small sample. No direct measure of ADCC
was performed in this study to correlate with their observed
clinical outcomes. Additionally, because many end-stage
patients are relatively immunosuppressed and have signif-
icantly impaired NK function [20], the findings in this
small, single institution study should be viewed in context.
Other small studies were not able to provide evidence for
or against the role of polymorphisms in outcomes using
targeted antibody treatments, as well [13, 22]. While
additional studies are necessary, our findings demonstrat-
ing the benefit of a V allele for cetuximab-mediated ADCC
is supported by larger, reproducible clinical and in vitro
ADCC studies described previously.

One of the principle goals of this study was to evaluate
cetuximab-medicated ADCC in SCCHN, however we
acknowledge that there are additional proposed mechanisms
for cetuximab’s anti-tumor effect, such as complement
dependent cytotoxicity, competitive inhibition, or possibly
direct pro-apoptotic effects [21, 28]. Crystallography stud-
ies show that cetuximab interacts with the ligand binding
domain of the receptor, resulting in steric hindrance of
ligand binding and subsequent dimerization of the molecule,
which prevents EGFR autophosphorylation and activation
[17]. Therefore, we also evaluated the direct inhibition
of the EGF receptor via proliferation and cell cycle
experiments.

Our proliferation studies demonstrate significant inhi-
bition only against TU159 in a dose-dependent fashion,
resulting in cell cycle arrest at the S-phase, with an
increased shift at the Gy/G; phase. We did not observe
significant apoptosis any of the three cell lines. Thus, it
appears that this anti-proliferative property of cetuximab
relates to direct inhibition of ligand binding. However, we
did not observe significant levels of cetuximab inhibition
with TU167 and 012SCC compared to TUI159, despite
similar EGFR expression among the three cell lines. Our
findings demonstrate that inhibition did not correlate with
EGFR expression. In fact, some EGFR over-expressed
cancers demonstrate an ability to become less sensitive to
cetuximab and proliferate in a manner that is less depen-
dent on the EGFR/tyrosine kinase pathway [17, 27, 28,
34]. Interestingly, even though there is variation in ce-
tuximab inhibition among the three tumor targets, all three
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cell lines show a strong susceptibility to cetuximab-med-
iated ADCC.

In addition to ADCC, NK cells possess other important
cytotoxic functions. Some of these include antibody-
independent mechanisms of cytotoxicity, and their effec-
tiveness in this capacity may also be associated with
FcyRIIla polymorphisms. Interestingly, we observed an
unexpected, not previously described finding that donor NK
cells with a V allele were associated with superior cytotox-
icity against K562 in an antibody-independent mechanism.
This is the first report documenting an association with the
FcyRIIla polymorphisms in antibody-independent cytotox-
icity with NK. Thus, in addition to demonstrating more
efficient ADCC against SCCHN cells, NK cells with a V
allele also were associated with statistically significantly
higher cytotoxicity against NK susceptible K562 in the
absence of antibody.

The mechanism for the enhanced cytotoxic potential of
NK cells bearing a V allele against NK sensitive targets is
unknown. Sivori describes NK cells with phenotypically
more proficient cytotoxic activity that have a higher surface
density of NKp46, an important NK natural cytotoxicity
receptor (NCR) [30]. Others have confirmed that individual
donors have populations of NK with heterogeneous surface
densities of NCRs as well as other NK co-receptors that
correlate with NK cytotoxic activity [3, 23, 24, 30].
Additional studies are necessary to determine if the same
polymorphisms that are associated with enhanced ADCC in
SCCHN may also correlate with a phenotype that confers
superior cytotoxicity.

The intent of our study was to determine if FcyRIlla
polymorphisms are important in predicting response to
cetuximab in SCCHN tumor cells. We demonstrate, for the
first time, that cetuximab can induce NK mediated ADCC
in SCCHN in vitro. Furthermore, we show that CD16
polymorphisms play a critical role in the efficiency of
ADCC in SCCHN. Specifically the addition of a V allele
provides enhanced ADCC. This observation may prove to
be an important marker for identifying individuals who can
derive the greatest benefit from cetuximab based therapies.
An additional finding is that the V allele may not only be
associated with enhanced ADCC, but may also correlate
with an enhanced antibody-independent cytotoxicity. Our
observations provide insight into the mechanism by which
cetuximab may mediate therapeutic effects in vivo and
provide a rationale for developing clinical trials to deter-
mine the role of FcyRIIl polymorphisms and response to
cetuximab in patients with SCCHN.
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