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Cetuximab-mediated cellular cytotoxicity is
inhibited by HLA-E membrane expression in
colon cancer cells
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Cetuximab, an anti-epidermal growth factor receptor monoclonal antibody, has been shown to increase the median
survival of colorectal cancer patients. We previously reported that the expression of HLA-E is significantly increased
in primary human colorectal cancer, perhaps contributing to tumour escape from immune surveillance. To establish
if HLA-E could be a factor that renders colorectal cancer cells less susceptible to antibody-dependent cellular
cytotoxicity (ADCC), in the present study we analysed Cetuximab-mediated cytotoxicity against several colorectal
cancer cell lines expressing, or not, HLA-E at the cell surface. We first observed that colorectal cancer cells treated
with Cetuximab were killed more efficiently by ADCC. Interestingly, treatment of target cells with recombinant
human-f,-microglobulin inhibits Cetuximab-mediated ADCC through HLA-E membrane stabilization. The specific
immunosuppressive role of HLA-E was confirmed using an anti-NKG2A monoclonal antibody, that restored the
ability of immune cells to kill their target. This result demonstrates that HLA-E at the cell surface can reliably suppress
the ADCC effect. On the other hand, Cetuximab induced a direct growth inhibition but only at high concentrations;
furthermore, the CDC effect was quite moderate, and we failed to observe a pro-apoptotic effect. Taking into account
that our findings suggest that ADCC activity is the main anti-tumour effect observed at clinically achievable
concentrations of Cetuximab at the tumour site, we suggest that determination of HLA-E in colorectal cancer could be
relevant to predict success of Cetuximab treatment.
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INTRODUCTION

Colorectal cancer is one of the most common malig-
nancies in the Western world, and remains a major cause
of cancer-related death in both men and women.' After
surgery for locally advanced primary tumour (Dukes’ B
and C), 5-fluorouracil-based adjuvant chemotherapy and
radiation therapy significantly improve the overall
survival rate; however, at 5 years, 40-50% of patients

will still die of the disease.>* Virtually all patients with
metastatic stage IV colorectal cancer will die of their
cancer.

Toxicity and lack of tumour specificity are the most
important limits of conventional approaches, such as
chemotherapy and radiation therapy.* Novel therapeutic
options such as immunotherapeutic approaches, which
exploit the naturally occurring defence system, and are
capable of evoking tumour-specific immune responses,
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are being investigated.’ The availability of new biolo-
gical agents such as monoclonal antibodies for the
treatment of patients with metastatic disease has led to
improved survival.® Since epidermal growth factor
receptor (EGFR) is overexpressed in a variety of solid
tumours and it is correlated with the progression of the
disease, targeting EGFR is a promising approach
for cancer treatment.” Cetuximab (Erbitux®, Merck),
a human-mouse chimeric IgG; antibody with a high
affinity for EGFR,® has now been approved for use in
patients with colorectal cancer.” Many mechanisms are
thought to contribute to the antitumour activity of
Cetuximab, including the direct inhibition of EGFR
tyrosine kinase activity,'® the inhibition of cell cycle
progression,''"'? increased levels and activities of pro-
apoptotic molecules'® and enhanced cytotoxicity of
chemotherapy and radiotherapy.' In addition, it has
been shown to inhibit angiogenesis, invasion and
metastasis'>'® and mediate antibody-dependent cellular
cytotoxicity (ADCC)."”

However, EGFR expression alone is not the only
determinant of Cetuximab response; recent findings
report that all patients with K-RAS point mutations are
resistant to the treatment.'® On the other hand, only 40%
of patients with wild-type K-RAS respond to Cetuximab
therapy; this observation implies that, for the remaining
60% of patients, other unknown mechanisms involved
in resistance to Cetuximab therapy exist and require
investigation.

In this regard, we previously demonstrated that
HLA-E expression at the cell membrane of colon
cancer cells prevents NK lytic activity. In addition,
we also demonstrated that patients whose tumours had a
high percentage of HLA-E positive cells were associated
with shorter disease-free survival than those whose
tumours had low HLA-E."” HLA-E is a non-poly-
morphic MHC class I (class Ib) molecule that is
specifically recognized by CD94/NKG2A heterodimer;
this receptor is a type II transmembrane protein of the
C-type lectin-like family, mainly expressed on NK and
NKT cells.?**! Its interaction with HLA-E transmits an
inhibitory signal that reduces NK cytotoxicity.”* Our
hypothesis is that patients with low expression of HLA-E
may be candidates for antibody therapies such as
Cetuximab, since their tumour cells should be more
susceptible to NK lysis. In contrast, patients with high
levels of HLA-E may not be good responders to ADCC-
mediated killing. To establish if HLA-E expression
could be a factor that renders colorectal cancer cells
less susceptible to Cetuximab-mediated ADCC, in the
present study we analysed the ADCC activity against
several EGFR-positive colorectal cancer cell lines,
expressing different amount of HLA-E at the cell
surface.

MATERIALS AND METHODS
Cell lines

Five colorectal cancer cell lines were obtained from the
American Tissue Culture Collection (ATCC): HCT-116,
Caco-2, HT-29, DLD-1 and T84 (derived from lung
metastasis). All cell lines were grown at 37°C in a humid
atmosphere containing 5% CO, with Dulbecco’s
modified Eagle’s medium (DMEM; Invitrogen Life
Technologies), supplemented with 10% heat-inactivated
fetal calf serum (FCS), 2mM L-glutamine, 3.5 mg/ml
sodium carbonate and 4.5 mg/ml glucose (Colon Medium).

Immunofluorescence analysis by FACS

Indirect immunofluorescence was performed on colo-
rectal cancer cell lines using a specific mouse anti-
human monoclonal antibody for HLA-E (clone MEM-E/
08; BioVendor, Czech Republic) or HLA-Ia (clone W6/
32; Dako Cytomation) and a human—-mouse chimerized
IgG, antibody for EGFR (Cetuximab; Merck); as
negative controls, we used matched isotype antibodies
(mouse IgG;-k [BD Biosciences, Pharmingen] or human
IgG [Dako Cytomation]). Primary antibodies were
incubated for 45 min at 4°C. After washing, cells were
incubated for 30min with a secondary anti-mouse
FITC-labelled for HLA-E or anti-human FITC-labelled
for EGFR (Dako Cytomation) and analysed on a
FACSCalibur flow cytometer using the CellQuest soft-
ware (BD Biosciences) for data analysis. Intensity was
calculated with the formula: mean intensity level
(MIL) = % positive cells x mean fluorescence intensity.

MTT Cell viability assay

Each cell line (HCT-116 and DLD-1, 7500 cells; T84,
10,000 cells; HT-29, 6000 cells; and CACO-2 7000
cells) was incubated in 200pl of Colon Medium
with Cetuximab (concentrations ranging from 1 x 10~
to 1x10? pg/ml) or anti-CD20 mAb (Rituximab,
MabThera/Rituxan, Roche), in a 96-well flat-bottomed
plate in triplicate. After incubation for 96h at 37°C,
100 ul of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide; 2 mg/ml; Sigma, St Louis, MO,
USA) diluted in colon medium were added to each well
and incubation was carried out for 90 min. Then, the
supernatant was discarded and the crystal products
were eluted with isopropyl alcohol (200 pl/well;
Sigma, St Louis, MO, USA). Colorimetric evaluation
was performed with a spectrophotometer at 570 nm. The
inhibition of proliferation was shown as percentage of
cell growth induced by Cetuximab in comparison with
that induced by control mAb.
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Apoptosis

To evaluate concentration-dependent apoptosis in the
presence of Cetuximab (1, 10 and 100 pg/ml), each cell
line (1.5 x 10° cells) was incubated in 2.5 ml of Colon
Medium; Rituximab (10 pg/ml) was used as irrelevant
antibody. After incubation for 24 h at 37°C, apoptosis
was measured by staining with FITC-conjugated
Annexin-V and propidium iodide using the Annexin
V-FITC Apoptosis Detection Kit I (BD Biosciences),
following the manufacturer’s recommendations. The
populations of early apoptotic cells (annexin-V posi-
tive/propidium iodide negative) and late apoptotic cells
(annexin-V positive/propidium iodide positive) as
a percentage of total cells were evaluated. To evaluate
time-dependent apoptosis, each cell line (1.5 x 10° cells)
was incubated in 2.5ml of Colon Medium in the
presence of Cetuximab (10pg/ml) or Rituximab
(10 pg/ml), as irrelevant antibody. After incubation
at 37°C for 24h, 48h or 72h, apoptosis in each cell
line was measured as before.

Quantitative real-time PCR (qPCR) measurement
of BAX and BCL-xL

Total RNA was recovered from both human neutrophils
(from 10 healthy donors) and colorectal cancer cells using
Trizol reagent (Invitrogen Technologies) following the
manufacturer’s instructions. The cDNA was synthesized
from 2.5 pg of total RNA using 200 U of M-MLYV reverse
transcriptase (Promega, Madison, WI, USA) and 2 pg of
random primers (Biodynamics) at 37°C for 1h. For the
detection of BAX and BCL-xL, LC-FastStart DNA
Master SYBR Green I Kit (Roche Diagnostic) was used
in a Roche Light Cycler 2.0 instrument. Duplicate
experiments were conducted using the following primers:
BAX forward, 5'-GGGACGAACTGGADAGTAACA-3;
BAX-reverse, 5-CCGCCACAAAGATGGTCAC-3;
BCL-XL forward, 5'-ACTGTGCGTGGAAAGCGTAG-3';
BCL-xL reverse, 5-GGTTCTCCTGGTGGCAATG-3'.
We calculate the relative expression of transcripts as the
ratio between the level of BAX and the level of BCL-xL
to determine the sensitivity to apoptosis of tumour cells.

Complement dependent cytolysis assay

Target cells grown under regular culture conditions were
harvested and resuspended in Colon Medium without
FCS at a concentration of 1 x 10° cells/ml of medium.
Calcein-acetyoxymethyl (Calcein-AM) purchased from
Molecular Probes (Invitrogen Life Technology, USA)
as a 1 mg/ml solution in dry dimethyl sulphoxide was
added to a final concentration of 10 uM and the cells
were incubated for 30min at 37°C. Cells were then

washed twice in 1x PBS and resuspended in prewarmed
colon medium (37°C) to a final concentration of 62,500
cells/ml. To each 160 pl of cell suspension, 20 pl of cold
human serum (obtained from healthy donors) and 20 pl
of 1:2 serial dilutions of Cetuximab were added. In
all experiments, 4 concentrations of Cetuximab ranging
from 107" to 10? pg/ml, plus a blank control, were used.
After incubation of the cell cultures for 45 min at 25°C,
cells were sedimented and 130l of the supernatant
analysed by measuring the fluorescence intensity
to estimate cell death (through calcein release) at
485/535nm using a DTX880 fluorometer (Beckman
Coulter). Total lysis of the cells was achieved by
solubilising a non-Cetuximab-treated control sample
with 1% Triton X-100. The percentage of specific
lysis was calculated as: (experimental fluorescence —
spontaneous fluorescence)/(maximum fluorescence —
spontaneous fluorescence) x 100. Data analyses were
carried out using Excel (Microsoft). All experiments
were performed in triplicate.

Antibody-dependent cell-mediated cytotoxicity assay

To enhance HLA-E surface expression, 8 pg/ml recom-
binant human-f,-microglobulin (BD Biosciences) were
added to 1 x 10° colon cancer cells and kept for 16h
in 800 pl of colon medium at 37°C. Each cell line pre-
treated or not with recombinant human-f,-microglobu-
lin was used as target (T) and labelled with Calcein-AM.
Effector PBMCs (E) were obtained from peripheral
blood of healthy human donors by density gradient
centrifugation. Target cells were resuspended in com-
plete Colon Medium at a final concentration of 1 x 10°
cells/ml and incubated with 10uM calcein-AM for
30min at 37°C with occasional shaking. After two
washes in AIM-V® medium, the cytotoxicity assay was
performed using different E:T ratios ranging from
100:1 to 25:1, in triplicate, in a total volume of
150 pl, with indicated doses of Cetuximab or control
antibody (Rituximab). Three replicate wells for sponta-
neous (only target cells in AIM-V® medium) and
maximum release (only target cells in medium plus 1%
Triton X-100) were also measured. Monoclonal anti-
body anti-NKG2A (clone 131411, R&D systems) or
isotype control IgG2a (Sigma, St Louis, MO, USA) were
added (1 pg/ml) to PBMCs immediately before the
cytotoxicity assay, with the aim of blocking the HLA-
E specific receptor. After incubation at 37°C in 5% CO,
for 4 h, 130 pl aliquots of the supernatant were analysed
by fluorometry to measure cell death (calcein release) at
485/535nm using a DTX880 spectrophotometer
(Beckman Coulter). The percentage of specific lysis
was calculated as before.
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Statistical analysis

To evaluate significant differences between groups,
Student’s z-test was performed. Significance was con-
sidered at P<0.01.

RESULTS

Epidermal growth factor receptor status of tumour cell
lines

We measured EGFR protein expression on each cell line
by flow cytometric analysis. As shown in Figure 1,
all colorectal cancer cell lines were positive for EGFR
expression even if at variable levels. Although HCT-
116, HT-29 and DLD-1 showed a comparable percen-
tage of EGFR-positive cells (>95%), the mean intensity
level (MIL, see Materials and Methods) was signifi-
cantly higher for DLD-1 cells.

Direct growth inhibitory effect of Cetuximab on
tumour cell lines

To examine the antiproliferative activity of Cetuximab,
the MTT assay was performed. Each cell line was
incubated in 200 pl of Colon Medium with six different
concentrations of Cetuximab (ranging from 1 x 10~ to
1 x 10? pg/ml), and control mAb (Rituximab). The
inhibition of proliferation induced by Cetuximab in
comparison with that induced by control mAb is shown
as a percentage of cell growth. Of note, in all cell lines
the antiproliferative effect of Cetuximab was observed
only between 1x 10" and 1 x 10%pg/ml (Fig. 2); at
1 x 107 pg/ml, Cetuximab inhibition of proliferation was
93.71% (average of the five colorectal cancer cell lines).

Apoptosis

To examine the apoptosis-inducing activity of
Cetuximab, an Annexin—propidium iodide assay was
performed on the five colorectal cancer cell lines using

HCT-116

if ém'l |
:

CACO-2

HT-29

three different concentrations of Cetuximab (1, 10 and
100 pg/ml) or control mAb (Rituximab). No significant
levels of apoptosis were induced by any Cetuximab
concentration after 24 h of treatment on tested cell lines
(data not shown). Since the pro-apoptotic effect of
Cetuximab could increase with time, we repeated the
Annexin—propidium iodide assay using 10 pg/ml during
24, 48 or 72h. We observed that even after 72h of
treatment, no significant or weak levels of apoptosis
were induced by Cetuximab in all analyzed cell lines
(Table 1). The BCL-2 family genes are the major
regulators of mitochondrial apoptotic homeostasis.>
Several members of this family (including BCL-xL)
promote survival while other members such as BAX
promote cell death. The relative ratios of these pro- and
anti-apoptotic members, rather than the expression level
of any single BCL-2 family gene, have been shown to
determine the ultimate apoptotic sensitivity. In all cases,
BAX/BCL-xL ratios (Fig. 3) were significant lower than
in normal human neutrophils used as reference samples
(reference samples [mean 4 SD], 4.54 & 1.24; DLD-1,
0.03+0.01; T-84, 0.10+0.02; HT-29, 0.11+0.01;
HCT-116, 0.02+£0.001; and CACO-2, 0.11 £0.07).

—+— HCT-116
== DLD-1
100 N
— HT-29
80 - -s- CACO-2
S
E
§ 60 -
5
® 40
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0 T T T T T T 1
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Cetuximab ug/ml
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Fig. 2. Growth inhibitory effect of Cetuximab on colorectal cancer cell
lines. The figure shows the dose-dependent growth inhibitory effect of
Cetuximab (0-1 x 10> ug/ml). Cell growth was inhibited only at the
highest concentration (I x 10%pg/ml). Results are expressed as
percentage of the Rituximab treated (control) values. The data shown
are the mean &+ SD values from triplicate experiments.

DLD-1 T-84
98% | 3%

MiL= 1,935

[ miL= 15,190 2

EGFR

Fig. 1. Expression of EGFR in the five colorectal cancer cell lines by flow cytometric analysis. The histograms show EGFR membrane expression in
each colorectal cancer cell line. Isotype control is indicated in the black fill histogram. EGFR positive expression is indicated in the grey empty
histogram. EGFR expression is expressed both in percentage of positive cells and as mean intensity level (MIL =% positive x mean fluorescence

intensity) for each cell line.
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Complement dependent cytolysis by Cetuximab on five
colon cancer cell lines

We next assessed whether Cetuximab could induce
colon cancer cell lysis via complement dependent
cytolysis (CDC). The only cell line susceptible to
Cetuximab-mediated CDC was DLD-1 (Fig. 4). No
CDC was observed when DLD-1 cells were incubated
with Rituximab (data not shown). None of the other cell
lines tested (HT-29, HCT-116, CACO-2 and T84)
showed any CDC by Cetuximab, suggesting that neither
CDC nor direct receptor-mediated mechanisms could
substantially contribute to cell lysis under our experi-
mental conditions. The response of DLD-1 cells
to Cetuximab-induced CDC appeared to correlate
positively with the expression of EGFR (Fig. 1).

ADCC by Cetuximab against three colorectal
cancer cell lines

The effector cell-mediated cytotoxic efficacy of
Cetuximab was analysed using the cell lines HT-29,
HCT-116 and CACO-2. To identify the optimal
Cetuximab concentration for ADCC activity, we per-
formed a 4-h calcein-AM release assay with Cetuximab
concentrations ranging from 1 x 1072 to 1 x 10" pg/ml
using an E: T ratio of 10:1. As shown in Figure 5A,
Cetuximab-mediated ADCC activity against the three
colorectal cancer cell lines was already detectable at a
concentration of 1 x 1072 pg/ml, expressed as a percen-
tage of control mAb. Interestingly, we found that when
Cetuximab doses higher than 1 pg/ml were used, a
significant reversal of lysis was consistently observed
(Fig. 5A, top-right panel). As shown in Figure 5B, in the
case of HT-29 (used as an illustrative case), the activity of
effector cells was proportionally reduced at 10, 50 and
100 pg/ml of Cetuximab. This effect could be attributable
to direct interaction of the Fc region of IgG with FcR on
NK cells due to the excess of antibody in the medium that
induces a down-regulation of NK activity.** Therefore,
we used 1 pg/ml for subsequent assays.

Using this optimal antibody concentration, lytic acti-
vity against three colorectal cancer cell lines (HT-29,
HCT-116 and CACO-2) was evaluated at various E: T
ratios, by a 4-h Calcein-AM release assay using healthy

Table 1. Apoptotic effect against colorectal cancer cell lines

human PBMCs (n = 3). As shown in Figure 6, at all the
E : T ratios used, Cetuximab exhibited an enhanced cell
lysis about 3-fold above the PBMC:s activity with control
antibody (P = 0.005). These data suggest that Cetuximab

BAX/BCL-XL RATIO

© N ™
& ¢ & PO
O 0\/ sz\ A (@)
ée}{"\ c?}\% L X

Fig. 3. Quantitative PCR analysis. Bar graph shows BAX/BCL-xL ratios
determined by qRT-PCR analysis in 10 neutrophils samples from healthy
donors and the five colorectal cancer cell lines. The data shown are the
mean £ SD values from duplicate experiments.

| < HCT-116
45 1 = CACO-2
40 | -+ HT-29

35 4 T84
| -~ DLD-1
» 307
"
> 25
2 90 4
15 4 /
10 ——
5 —_——_—:—_—;_*__——j
—: " e ———————}
0 - = : —=
1x1071 1x100 1x10" 1x102

Cetuximab pug/ml

Fig. 4. Complement dependent cytolysis activity in colorectal cancer cell
lines mediated by Cetuximab. Antibody concentrations up to 1 x 10* pg/
ml were tested. A specific cell lysis was observed only for DLD-1 cells
at the highest antibody concentration. Results are expressed as percentage
of the untreated control values. The data shown are the mean=+SD
values from triplicate experiments.

Apoptosis HCT-116 HT-29 CACO-2 T84 DLD-1
Rituximab (10 pg/ml) 72h 4.66% 4.88% 4.84% 29.36% 7.76%
Cetuximab (10 ug/ml) 24 h 3.70% 9.57% 5.16% 17.50% 8.76%
Cetuximab (10 pg/ml) 48 h 4.11% 8.63% 6.71% 16.91% 9.22%
Cetuximab (10 pg/ml) 72h 3.71% 8.92% 5.27% 22.44% 8.16%
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Fig. 5. Concentration-dependent curve of Cetuximab-mediated ADCC activity with PBMCs from healthy donors. (A) ADCC activity against HCT-116,
HT-29, CACO-2 cell lines incubated with PBMCs at an E: T ratio of 10: 1 along with various concentrations of Cetuximab (1 x 107 to 1 x 10" pg/ml).
Figures represent three independent experiments. Each point denotes the mean value of a triplicate experiment (bars, SD). The percentage of ADCC/
PBMCs was calculated for each condition as the percentage of lysis in the presence of Cetuximab minus the percentage of lysis in the presence of
control antibody (Rituximab). (B) Dose-dependent inhibition of ADCC/PBMCs activity of high doses of Cetuximab. In this illustrative example, HT-29

target cells were incubated along with PBMCs (E: T ratio of 10: 1) and various concentrations of Cetuximab (1 x 107 to 1 x 10% pg/ml).

was capable of activating ADCC activity efficiently
even against colon cancer cells which weakly express
EGFR, as in the case of CACO-2 cells (Fig. 6C).

Surface expression of HLA-E is responsible for inhibi-
tion of Cetuximab-mediated ADCC by NK cells

Since we reported previously that a stable level of
membrane HLA-E suppresses NK cell-mediated target
lysis for DLD-1 cells,' we next investigated if HLA-E
surface stabilization by recombinant human-f,-micro-
globulin would inhibit Cetuximab-mediated ADCC.
Upon incubation of the four colorectal cancer cell lines
for 16h in the presence of exogenous recombinant
human-f,-microglobulin, only HLA-E and not HLA-Ia
cell surface expression was reconstituted (Fig. 7). We
also verified that recombinant human-f,-microglobulin

addition did not modify EGFR expression (data not
shown). Three colorectal cancer cell lines pre-treated
or not with recombinant human-f,-microglobulin were
co-incubated with PBMCs cells from healthy donors for
4h. As a result, we observed that Cetuximab-mediated
ADCC was significantly inhibited by the membrane
expression of HLA-E (Fig. 8A-C). For example, the
Cetuximab-mediated ADCC (at the E: T ratio of 50: 1)
for HCT-116 (Fig. 8A) in the presence of membrane
HLA-E (5.9£0.9%) was significantly weaker than
those in the absence of surface HLA-E (26.1 =2.9%).
These observations were confirmed at different E: T
ratio settings using PBMCs derived from three different
healthy donors. To confirm that the reduction of
Cetuximab-induced lysis is specifically due to HLA-E
membrane stabilization on target cells, we incubated
effector cells with a blocking antibody specific for
NKG2A, the inhibitory receptor for HLA-E (Fig. 8D).
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Fig. 6. Cetuximab-mediated ADCC/PBMCs activity against HCT-116
(A), HT-29 (B), CACO-2 (C) cell lines at different E:T ratios.
Colorectal cancer cell lines were analyzed for ADCC using PBMCs from
healthy donors in the presence of Cetuximab or control mAb
(Rituximab). Each graph depicts results from one representative donor.
A minimum of three normal donors was tested per tumour cell line. Each
point denotes the mean value of a triplicate experiment (bars, SD).

When HCT-116 cells were co-incubated with PBMCs in
the presence of anti-NKG2A antibody, the percentage of
lysis (14.74+1.9%) was restored to the same levels
observed in the absence of HLA-E (17.2 +2.5%), while
the addition of an isotypic control antibody was not able
to produce the same effect (2.3 +0.4%). This result
confirms that the presence of HLA-E at the cell surface
is the mechanism by which the addition of recombinant
human-f,-microglobulin inhibits Cetuximab-dependent
ADCC.

Moreover, to confirm that NK cells are responsible
for Cetuximab-mediated ADCC activity, NK cells
(CD3™ CD56%) were separated from PBMCs by the
MACS system (Fig. 8E) to obtain pure NK cells (>95%).
As shown in Figure 8F, when purified NK cells were

co-incubated with DLD-1 cells in the presence of
Cetuximab (1 pg/ml), we observed a higher percentage
of lysis (>60%) when compared to the cytotoxic assay
performed using total PBMCs. As expected, NK
cytotoxicity was also reduced by the addition of
recombinant human-f,-microglobulin to DLD-1 cells
(Fig. 8F). These results show that colon cancer cells
expressing stable levels of membrane HLA-E are less
susceptible to NK cell attack even in the presence of
Cetuximab.

DISCUSSION

Antibody therapies are a major approach in the treatment
of various cancer types.”> Direct growth inhibition,
apoptosis induction, CDC and ADCC mediated by
antibodies are modes of action for this therapy.?® It has
been shown that Cetuximab-induced antitumour activity
did not correlate directly with the level of EGFR
expression in human cancer 06118;27’28 these observations
suggest that molecular events other than EGFR levels
are true determinants of responsiveness and that further
investigation is necessary to determine the factors that
affect the antitumour activity of Cetuximab. In this
regard, new studies are focused on searching for
molecular factors associated with resistance to
Cetuximab. Among these, Bcl-x(L) and, to a lesser
extent, Mcl-1, are important anti-apoptotic factors that
confer resistance to Cetuximab-mediated apoptosis in
colorectal cancer.?’ Moreover, it has been shown that
the simultaneous activation of the RAS and PIK3CA
pathways confers maximal resistance to this agent.*®
Recently, several clinical studies simultaneously demon-
strated that KRAS mutations provide an independent
predictive factor of the response to Cetuximab.'®>!
Taking into account that monoclonal antibody therapies
may also act through immunological effectors as in
ADCC, we explored the possibility that other immune-
related molecules could also mediate Cetuximab resis-
tance. Considering the immunomodulatory function
assigned to HLA-E molecule,’® its expression in
malignant cells may represent one of various mechan-
isms used by tumour cells to escape immune surveil-
lance™ and a possible determinant of ADCC inhibition.
Accordingly, we recently reported'® that primary human
colorectal cancer spontaneously expresses significant
levels of HLA-E molecules, probably contributing to the
escape of these tumours from immune surveillance by
inhibiting NK cell target lysis. These results suggested
that it is necessary to establish if the membrane
expression of HLA-E on colon cancer cells could have
an inhibitory effect of Cetuximab-mediated ADCC.
Consequently, we designed a model based on HLA-E
structural stabilization on the cell surface by
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mHLA-E mHLA-E HLA-la HLA-la
Cell line expression expression expression expression
spont. + spont. +

rhu-fBom rhu-fom

DLD-1 25 4,389 212 140
HCT-116 42 1,822 3,020 1,299
HT-29 110 1,456 5,205 1,845
CACO-2 98 816 7,059 3,393

DLD-1 HCT-116

spont. = 3.92%
+ rhu-beta2 = 55.69%

e

spont. = 0.92%
+ rhu-beta2 = 89.48%

HLA-E

spont. = 4.22%
+ rhu-beta2 = 6.73%

spont. = 94.95%
+ rhu-beta2 = 92.16%

HLA-la

Fig. 7. Flow cytometric analysis of HLA-E cell membrane stablization. In the table are reported HLA-E and HLA-Ia expression values (MIL) from four
colorectal cancer cell lines (HCT-116, DLD-1, CACO-2 and HT-29) upon addition or not of recombinant human-f,-microglobulin during 16 h. The
graphs show two representative examples (DLD-1 left panels and HCT-116 right panels) of HLA-E membrane stablization (upper) and HLA-Ia
expression (lower panels). by recombinant human-f,-microglobulin (8 pg/ml) in two colorectal cancer cell lines. Spontaneous expressions of HLA-E or
HLA-Ia are represented by black filled histograms while induced expressions, after treatment with recombinant human-f,-microglobulin, are represented

by empty histograms.

recombinant human-f,-microglobulin addition, since
most colorectal cancer cell lines produce significant
amounts of HLA-E molecules that are retained inside the
cells."

As a new finding, in the present study we clearly
showed that EGFR-expressing colorectal cancer cells
could be protected from Cetuximab-mediated ADCC
through HLA-E membrane expression induced in vitro
by exogenous recombinant human-f,-microglobulin.
The activities of Cetuximab-mediated ADCC did not
reflect the degree of EGFR expression on colorectal
cancer cells; in fact, low EGFR expression levels are
sufficient for maximum Cetuximab-mediated ADCC
activity. However, when HLA-E was stabilized on the
cell surface, all cell lines showed a significant reduction
in the Cetuximab-mediated ADCC (about 50%).

The critical role of HLA-E was further confirmed by
the addition of a blocking antibody (anti-NKG2A) that
determines the recovery of Cetuximab-mediated ADCC
levels, comparable to those obtained in non HLA-E
expressing cells.

Additionally, we showed in the present study that
Cetuximab had no pro-apoptotic effect on the five
studied colorectal cancer cell lines. Similarly, CDC
activity could be induced by Cetuximab treatment only
in the case of DLD-1 cells. We propose that Cetuximab-
mediated CDC could be related to the amount of EGFR
expressed on the membrane target cell, since DLD-1 is
the more EGFR-positive cell line. When we focused on
the direct growth inhibitory effect of Cetuximab against
colon cancer cells, we found that this antibody could
induce a potent antiproliferative effect against all
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Fig. 8. (A-C) Cetuximab-mediated ADCC/PBMCs activity against colorectal cancer cell lines expressing or not HLA-E at the cell surface using
different E: T ratios. ADCC assays were performed using colorectal cancer cells as target, pretreated or not with recombinant human-f,-microglobulin
(8 pg/ml) in the presence of Cetuximab (1 pg/ml). PBMCs were co-cultured for 4 h with colorectal cancer cells (A, HCT-116; B, HT-29; C, CACO-2)
expressing or not HLA-E at the cell surface. Control conditions included PBMCs co-cultured with tumour cells in the presence of Rituximab. The
columns represent the mean of three replicates (bars, SD). (D) Effect of NKG2A blocking monoclonal antibody or isotypic control on Cetuximab-
mediated ADCC activity of PBMCs. These effector cells were tested for cytotoxicity against HCT-116 cells in a standard 4-h calcein release assay in the
presence of Cetuximab (1 pg/ml). The columns represent the mean of three replicates (bars, SD). (E) Illustrative graph of NK purified from healthy
donor PBMCs using a magnetic system. Upper left quadrant represents NK positive cells (CD567 CD3"). (F) Effect of HLA-E stablization on
Cetuximab-mediated ADCC activity of NK cells. Effector cells were tested for cytotoxicity against recombinant human-,-microglobulin treated or not
DLD-1 cells in a standard 4-h calcein release assay, using different E:T ratios in the presence of Cetuximab (1 pg/ml). The points represent the mean of
three replicates (bars, SD).

colorectal cancer cell lines, although this antitumour  through the interaction with the inhibitory receptor

activity was achieved only with Cetuximab concentra- NKG2A/CD9%4 on NK cells, its expression in malignant
tions higher than 10 pg/ml. While it has been reported  cells may represent one of the various mechanisms used
that antibody concentrations in the serum reach compar- by tumour cells to escape immune surveillance and

able levels, it is unlikely that this concentration could be a reliable determinant of ADCC inhibition. We believe
reached inside the tumour mass.”* For this reason, we  that our data justify further studies using tumour samples
suggest that Cetuximab-mediated ADCC activity could  from Cetuximab-treated patients to establish if high
have an important antitumour effect in the tumour site HLA-E levels could be a bad prognosis marker in
since our findings demonstrate that its maximal activity primary colorectal cancer for antibody therapy.

is already reached at lower Cetuximab concentrations

(<1 pg/ml).
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