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Lung cancer is one of the most lethal cancers. Lung cancer cells have the ability to undergo mutations allow-
ing escape from an immune response so the cells can continue to grow. NK cells and ¥8 T cells are the first line of
defense against bacteria and other infectious agents. We evaluated the ability of these innate immune responders
to target lung tumor cells. Using enhanced NK cells, we tested the combination therapy with Cetuximab, an anti-
EGFR antibody. We also evaluated combination therapy with v8 T cells and bisphosphonate. Treatment with
Cetuximab and NK cells was 15 to 30% more effective against EGFR expressing cell lines compared to NK cell
therapy alone. In contrast, lymphocyte activated killer cell (LAK) did not enhance cytotoxity induced by Cetuxi-
mab treatment. Next, we evaluated v T cell cytotoxicity in combination with Zoledronate, a bisphosphonate. Cy-
totoxicity by Y0 T cells was enhanced against bisphosphonate treated tumor cell lines in vitro. Treatment with 50
puM Pamidronate or with 10 uM Zoledronate enhanced anti-tumor effects induced by v8 T cells. These two treat-

ments may enhance immune responses in immunotherapy.
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Background
Lung cancer is one of the most lethal cancers.
Lung cancer cells often mutate and become resis-
tant to treatments such as chemotherapy and radia-

02)

tion therapy””. Although dendritic cell-based immu-
notherapy is an effective treatment, lung cancer
cells often lose expression of MHC class 1 and II in
order to escape anti-tumor immune responses, lead-
ing to tolerance® ™. Immunotherapy with innate im-
mune effectors may overcome this tolerance as
natural killer (NK) cells and gamma-delta (y8) T cells
can respond to tumors in a MHC-independent man-
ner. NK or ¥4 T cell-based immunotherapy has few
side effects and therefore has an advantage over
traditional chemotherapy®”.

Many tumors express high levels of the Epider-
mal Growth Factor Receptor (EGFR) and HER2"?.
Since EGFR is mainly expressed by tumors, it may

be a good target for cancer therapy. Cetuximab (Er-

bitux®) is a chimeric antibody, combining a human
FC chain with a murine Fab fragment that recog-
nizes human EGFR". Cetuximab is a standard ther-
apy for metastatic rectal carcinoma and is used in
combination with chemotherapy' ™. In this study,
we evaluated whether pretreatment of tumor cells
with Cetuximab enhanced antibody-dependent cell
cytotoxicity (ADCC) mediated by activated NK
cells.

We also evaluated the activity of ¥ T cells after
treatment with bisphosphonates, including Pamid-
ronate (Pam) and Zoledronate (Zol). Bisphospho-
nates (also called biphosphonates), are a class of
drugs that prevent the loss of bone mass and are
commonly used to treat osteoporosis and similar
diseases'. It has also been shown that these drugs
can prevent bone metastasis of some cancers™ ™.
Zol is used to prevent skeletal fractures in patients

with cancers such as multiple myeloma and pros-
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tate cancer® ™. It is also used to treat malignancy-
associated hypercalcemia and is helpful for reduc-
ing pain associated with bone metastases. Zol has
also been shown to induce the proliferation of y6 T

22 Tn this study, we examined

cells in vitro
whether lung tumor cell lines pre-treated with
bisphosphonates were more sensitive to ¥o T cell
killing.
Materials and Methods
Cell lines and reagents
Human lung adenocarcinoma (LK 87), human

8~100~2M 0 lung squam-

small cell lung carcinoma
ous cell carcinoma (EBC-1) were provided by the
Surgery Laboratories Cell Bank (Tohoku University
Hospital, Sendai, Japan). The human lung adenocar-
cinoma, A549 was kindly supplied by the Respi-
ratory Medicine Department of Tokyo Women's
Medical University (TWMU). MCF7 and K562 were
provided by the Department of Surgery, Institute
of Gastroenterology, TWMU. Each cell line was
grown in RPMI or DMEM containing 10% FCS.

Cetuximab (Erbitax™ was purchased from Merck
KGaA. Zoledonate (Zometa") and Pamidronate (Are-
dia®) were purchased from Novartis Pharma AG
(Basel, Switzerland) and Nippon Kayaku (Tokyo, Ja-
pan).

Phenotypic analysis of cells and flow cytometry

Antibodies recognizing human CD62L, CD56,
CD57, CD86, CD25, CD4, CD45RA, CD45R0, CCR4,
CCR7, CXCR3, CCR5, IFN-g and IL-4 were pur-
chased from BD Biosciences (San Jose, CA, USA).
Antibodies recognizing human CD11b, CD31, CD27
and CD28 were purchased from Invitrogen, Co.
(Carlsbad, CA, USA). LAK and NK cells from PBMC
were evaluated by three color immunofluoresence
staining with PC-5 labeled CD3 mAb, PE labeled
CD56 mADb, and FITC labeled CD16 mAb (all from
Beckman Coulter Co., Marseille, France). The phe-
notype of ¥ T cells and Alpha-beta T cells from
PBMC were evaluated by flow cytometry with PE
labeled anti-pan alpha-beta TCR mAb and PerCP la-
beled anti-pan gamma-delta TCR mAb (both from
Beckman Coulter Co.). Flow cytometric analysis
was performed on a FACScan cytofluorimeter (Bec-
ton Dickinson) and analyzed by using CELL

QUEST software (Becton Dickinson).

Preparation of cells

PBMCs were collected from healthy donors (n =
8) and isolated by Ficoll-Paque (lymphoprep /
Frensenius Kabi Norge AS, Norway) density gradi-
ent centrifugation. To generate LAK cells, whole
PBMC were incubated in AIM-V medium (Invitro-
gen, Co.) containing 10% FCS and 6,000 IU/ml IL-2
(Proleukin Chiron B.V., Amsterdam, The Nether-
lands) for 2 weeks. To generate NK cell cultures,
NK cells were separated from PBMC by Rosette
Sep Mixture NK Enrichment Kit (Stem Cell Tech-
nologies, Vancouver) and incubated for 2 weeks in
Aim-V medium containing 10% FCS and 6,000 1U/
ml IL-2. The phenotype of NK cells was verified by
flow cytometric analysis and the purity of CD3 -/
CD56+ cells was over 85%. To generate v T cells,
PBMC were incubated in AIM-V medium contain-
ing 10% FCS and 200 IU/ml IL-2 supplemented
with 5 uM Zol for 2 weeks. The phenotype of cul-
tured yd T cells was evaluated by flow cytometry
by measuring CD3 (+)/TCR af (—)/TCR 5 (+)
cells. Purity was over 85% in the cultured cells.

To evaluate ¥d T cells, we compared it to Cyto-
toxicity activated T cells (CAT). CAT contains over
90% TCR of T cells. PBMC from healthy donors
were cultured in AIM-V medium containing 10%
FCS and 200 IU/ml IL-2 incubated in culture flasks
coated with 2 png/ml OKT-3 for 48 hours. Cells were
then incubated in non-coated bags for 12 days.

Cytotoxicity assay

A Cr-51 release assay was used to measure cyto-
toxicity. For evaluation of LAK and NK cell killing,
target cell lines were incubated with media or 5 uM
cetuximab for 30 minutes. Targets were washed
twice with PBS after incubation. To measure yd T
cell cytotoxicity, target cell lines were incubated
with Zol or Pam at the indicated concentration and
time overnight. then washed twice with PBS. After
treatment. target cell lines were labeled with 100
uCi of Cr-31 for 2 hours. Cell lines were washed
twice with PBS and co-cultured with effector cells.
Target cells were cultured at 1 x 10" cells/well in
Aim-V containing 1% FCS in 96 well round bottom

plates. Effector cells were added at various effector
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to target (E : T) ratios. Spontaneous and total re-
lease plates were incubated for 4 hours at 37C and
2% CO.. The radioactivity of supernatant was mea-
sured on a gamma counter. The percentage of
specific cytotoxity was calculated according to the
following formula: % specific cytotoxity = (experi-
mental cpm — spontaneous cpm) / (maximum
cpm — spontaneous cpm) X 100.

MTT assay

LK87 cells were incubated with Pam for 1 week
and cell proliferation was evaluated by MTT assay
with the Cell Titer 96 Aqueous Non-Radioactive
Cell Proliferation Assay (Promega, Co. Madison, W1,
USA). The percentage of proliferation was calcu-
lated according to the following formula: % prolif-
eration = experimental value / spontaneous value
x 100

Results

We first assessed the expression of EGFR on the
surface of cell lines by flow cytometric analysis
(Fig. 1a). The cell lines A549, 11-18 and EBC-1 ex-
pressed EGFR whereas MCEF7 and K562 did not.
Cell lines A549, 11-18 and EBC-1 also expressed
HLA class I (data not shown). MCF7 expressed
HLA class I by addition of low dose IFN-gamma
(data not shown). We also measured the expression
of CD3, CD16 and CD56 on LAK and NK effector
cells. Figure 1b shows one representative sample.
LAK are made up of activated T lymphocytes with
50% of the cells expressing CD3. LAK also contain
30-40% NK cells. Very few (0.19%) of the NK cells
expressed CD3. Over 90% of NK cells expressed
CD56 and CD1I6.

Next we evaluated the effect of LAK or NK cell
killing on EGFR expressing tumor cells pre-treated
with Cetuximab (Cetu). As shown in Figure 2a,
LAK cells killed A549, 11-18, and EBC-1 cell lines
and pre-treatment with Cetu did not enhance the
effect. In contrast, pre-treatment with Cetu did en-
hance the killing of A549, 11-18, and EBC-1 cell lines
by NK cells (Fig. 2b). Together, these studies indi-
cate that NK cells demonstrate enhanced killing of
EGFR expressing cells pre-treated with Cetu. This

effect was not demonstrated by LAK cells. To ver-

ify that EGFR expression is necessary for the en-

3

hanced NX cell killing in response to Cetu, MCF-7
or K562, both non-EGFR expressing cell lines, were
pretreated with or without Cetu and co-cultured
with NK cells at various effector to target ratios.
Pre-treatment with Cetu did not enhance cytotoxic
killing by NK cells in either cell line (Fig. 2¢). Inter-
estingly, we found that when we induced MHC
class I expression on MCF-7 by incubation in low
dose IFN-y (not shown), NK cells demonstrated less
cytotoxicity (Fig. 2a). As expected, these results
confirm that NK cells demonstrate enhanced cyto-
toxicity against Cetu pre-treated cell lines, only if
the cells express EGFR. In addition, these results in-
dicate that NK cell-based immunotherapy may be
more effective against MHC class I deficient cells.
Next, we evaluated the effect of zoldronate (Zol)
on O T cells and compared phenotypic markers be-
tween cytotoxicity activated T cells (CAT) and yd T
cells. CAT are activated non-specific aff TCR-
expressing T cells. It has been shown that non-
specific antigen or Zol can selectively increase y0 T
cell numbers in cultured PBMC**', There is no dif-
ference between these two culture methods (data
not shown). As shown in Figure 3a, T cells in CAT
cultures express TCR off chain and have very few
vd T cells, whereas PBMC cultured with Zol ex-
press the ¥d TCR and very few off T cells are pre-
sent®™. In Figure 3b, we measured the expression of
surface markers and intracellular cytokine produc-
tion between CAT and ¥ T cells. There were no
differences in expression patterns of the adhesion
molecules CD11b, CD62L and CD31 between CAT
and y8 T cells. There were also no differences in the
expression of the chemokine receptors CXCR 3,
CCR4, CCR5 and CCRY7. In contrast, expression of
CXCR3 and CCR7 were significantly increased in
CAT compared to ¥0 T cells. CAT also demon-
strated higher expression of the TNF receptor
(CD27), CD28, a costimulatory molecule, and the
naive T cell marker CD45RA. In comparison to
CAT, ¥ T cells had higher expression of the co-
stimulatory molecule CD86 and the T cell activation
marker, CD45RO. These results indicate that ¥d T
cells have an activated phenotype. CAT demon-
strated activation but also contained naive T cells.
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a) EGFR expression on cell lines. A549. 11-18. EBC-1, MCF-7, and K562 cell lines were stained
with mouse anti-human EGFR followed by FITC conjugated anti-mouse antibody (Dark line;

EGFR, Light line; isotype control) .

b) Phenotypic analysis of LAK and NK cells. PBMC or purified NK cells were cultured for 14
days and CD3, CD16 and CD56 expression was measured by flow cytometry.

Although CAT and y8 T cell are non-specific T cells,
CAT looks more immature and may require addi-
tional activation by an antigen presenting cell, such
as DC.

Next, we examined the effects of pre-treatment
with Pamidronate (Pam) on tumor cells. LK87 cells

were cultured alone or with Pam and proliferation

was measured by a MTT assay at various time
points. As shown in Figure 4a. at 50 pM, Pam treat-
ment of LK87 led to a decrease in proliferation over
time. Even at 10 uM Pam. cells experienced a de-
creased proliferation at 100 hours.

We next measured whether pre-treatment of tu-
mor cells with Pam enhanced killing by v T cells.
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Fig. 2 Cell Cytotoxicity after pre-treatment with Cetuximab
Tumor cell targets were cultured with or without 50 pg/m! Cetuximab prior to culture with

LAK or NK cells. Cytotoxicity was measured by a 5!Cr assay.

a) LAK cell killing of EGFR expressing tumor cells.
b) NK cell killing of EGFR expressing tumor cells.

¢) NK cell killing of EGFR negative tumor cells. Percentage of specific lysis (Y-axis) at a given
effector/target (E/T) ratio (X-axis) indicates the mean. These data show one of three inde-

pendent experiments.
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Fig. 3 Phenotypic analysis of CAT and y3 T cells
Cell surface molecule expression on PBMC cultured for 14 days. To generate CAT, PBMC
were incubated with IL-2 and anti-CD3 antibody. To generate y3 T cells, PBMC were incu-
bated with IL-2 and zoledronic acid.
a) TCR expression for confirmation of T cell populations.
b) Expression of cell surface markers on CAT and v3 T cells.

LK&7 cells were pre-treated with various concen- lines, the required 50 uM concentration is too high
trations of Pam for 1-16 hours. To measure cytotox- for human use”®and would not be able to be trans-
icity, ¥d T cells were added to pre-treated cells at an lated into a clinical trial. To test Zol, we pre-treated
effector to target ratio of 20 : 1 and incubated for Ab49 lung tumor cells with 10 uM of Zol. Cells were
four hours. then cultured with ¥8 T cells at various effectors to

Cytotoxicity was measured in a Cr” release as- target ratios for four hours. Figure 5a shows that 5
say. Figure 4b shows that 8 T cells can effectively T cells had the most effective killing against A549
lyse LK87 cells pretreated for 10-16 hours with 50 pre-treated with Zol for 12 hours. Next. we pre-

uM Pam. In Figure 4c¢, EBC-1, A549, 11-18, and treated A549 cells with various concentrations of
LK87 cells were treated with 50 pM of Pam for 12 Zol for 12 hours. As shown in Figure 5b. v T cell

hours prior to culture with v T cells. For all of the cytotoxity was enhanced when A 549 cells were

cell lines, pre-treatment with Pam enhanced cell ly- treated with 5. 10 or 20 puM of Zol These results

sis by v T cells. demonstrate that Zol is as effective as Pam for the
Next, we examined the drug Zol as both a y8 T pre-treatment of tumor cells to enhance ¥ T cell cy-

cell enrichment agent and a pre-treatment agent totoxicity.

for tumor cell lines. While Pam was an effective Discussion

agent to enhance yd T cell killing of pre-treated cell In this study. we have shown two methods to en-
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Fig.4 Effect of pamidronate on LK87 cells

a) Pamidronate (Pam) was added to LK87 cells at 10puM or 50 uM and cultured for various
time points. Untreated cells were used as a control at each time point. Proliferation was meas-
ured by the MTT assay. Y-axis = pamidronate treated cell/untreated (Non-added) cell.

b) LK87 cells were pre-treated with Pam for various times and concentrations as indicated.
Cells were co-cultured with y8 T cells at an E/T ratio of 20 : 1. Cytotoxicity was evaluated

in a 4-hour5'Cr assay.

¢) Tumor cell lines were pre-treated with 50 uM of Pam for 12 hours and then incubated
with v8 T cells. Cytotoxicity was measured in a 4-hour 5'Cr assay. Percentage of specific lysis
(Y-axis) at a given effector/target (E/T) ratio (X-axis) indicates the mean. These data show
one of three independent experiments.
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Fig. 5 Cell cytotoxicity induced by ¥8 T cells against cells pretreated with zoledronate (Zol)
The lung tumor cell line, A549, was pretreated with zoledronate and co-cultured with y8 T
cells. Cytotoxity was measured in a 4-hour 5'Cr assay.

a) A549 cells were treated for various times with 10 uM Zol.
b) A549 cells were pretreated with various concentrations of Zol.

hance immunotherapies that target innate effectors.
First, we demonstrated that NK cells could syner-
gize with Cetuximab to enhance -cytotoxicity
against EGFR expressing cancer cells. NK cell ther-
apy is known as a non-specific immunotherapy.
When NK cell recognizes and kills allogeneic cells
or autologous cells expressing foreign antigens, this
mechanism involves MHC class I and II and the
HLA Cw locus. While tumor cells should express
the Cw locus, many tumors become deficient to es-
cape the immune response or to become more ma-
lignant. NK cells can efficiently lyse tumors lacking
Cw expression. Cetu is a chimeric antibody combin-
ing a human FC chain with a murine Fab fragment
that recognizes human EGFR". We demonstrated
that combination therapy with Cetu enhanced NK
cell mediated ADCC against tumor cells. It may be
possible to translate this therapy to patients with

EGFR-expressing tumors. No severe side effects
have been reported with either Cetu or NK ther-
apy. One limitation for clinical use is how to expand
NK cells from patients. The protocol we used iso-
lated NK cells and the cells had great responses
against tumor cells. But this protocol needed a lot of
blood for treatment. A new protocol for isolating
NK cells selectively and easily may be needed.

Our data indicates that NK cells respond to can-
cer cell lines pre-treated with Cetu in a MHC inde-
pendent manner. We are not sure the reason why
NK cells were effective in our model but LAK were
not. It may be that NK cells do not need specific an-
tigen whereas LAK may require an antigen to re-
spond. In addition, NK cells cultured in vitro may be
capable of enhanced cytotoxicity against target cell
lines. In our trial. Cetu bound EGFR expressing tu-
mor cells and NK cells could attack these antibody-
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coated tumor cells efficiently.

Second, we have shown that bisphosphonate
treatment of tumors can enhance cell cytotoxicity
mediated by yd T cells. y8 T cells are innate immune
effectors that respond to bacteria and other infec-

27)29)

tious agents™ . Our studies show that the cytotox-
icity induced by y8 T cells results in delayed tumor
growth but is not enough to eliminate tumor com-
pletely. We have also shown that v T cell activity is
enhanced when tumor cells are pre-treated with
bisphosphonates. Pam is a second generation
bisphosphonate that i1s effective to prevent bone
loss and osteoporosis®. Side effects of Pam treat-
ment include tetany because of low calcium level in
the blood** . In contrast, a third generation bisphos-
phonate, Zol is also effective for the prevention of
bone loss and osteoporosis but side effects do not in-
clude a dangerous drop in calcium levels. Zol does
induce a slight decrease in calcium levels which re-
covers rapidly allowing Zol to be used as a repeated
therapy. Moreover, Zol is used as a treatment and
prevention drug for cancer bone metastasis in Japa-
nese patients. Zol has an additional benefit of in-
creasing v0 T cells whereas Pam does not have this
effect (data not shown). The Zol concentration for
treatment is much lower and has been shown to be
safe for patients, making Zol a more desirable drug
for clinical trials. Our data shows that treatment of
tumor cells with low dose Zol was as effective as
Pam. In the clinic, we must check the efficiency and
quality of life for patients, although they may
choose the benefits of immunotherapy and other
therapies like chemotherapy. While we didn't re-
search all types of tumors, treatment with Zol may

% Treatment

be better for other tumor cell types
by Zol has been used in patients and has demon-
strated safety. Zol can be combined with other
therapies, allowing patients to save time and
money. In conclusion, we consider Zol better than
Pam for pretreatment in a clinical setting.

Little is known about the activation of ¥8 T cells

W# If we can control

in response to immunotherapy
and regulate the enhanced immune response from
innate cells, y§ T cell will be an established treat-

ment in the future®. Combination immunotherapies

that activate innate immune effectors, such as ¥ T
cells, and enhance adaptive immunity, such as DC
based vaccines, may lead to clinical responses in
lung cancer patients.
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TR T EM R RERR EH AR A R G RE
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A 7N A Ty EE L 5T YYEH v HHh X

NG R B KB BRET LA JE—r

MBABHEROBO—2TH 5. WIIHHEORT, UL UEREZEI LILERELR EOEBEBERLERNOR
FEISE A O EHE LIS 4. MM 7 OCRUERREINE & H# L AEERICE 728912 MHC class I, 11
DEREKBSIEE. F24E MEHC(FEMABESRIZTHEAEK O 2T 2 VERORELEMBTH S NK
M 3 T MM & 2 0SAMBICH T2 BB E LR Lz U NK MR EGFRIATH LY F
YT EOHRBELTEFLUMBMRER T AUES MR EMF L2, LAK#R (V7404 ViEtS
S—HR) LY X TOHATELY F U TS ANEENFEOMBIIEO LN A o745, NK#Mifgsd
PRI L 5T 10~25% OIEBHROMMEA RS Sz, 72, EGFR FERIMABK AT 2 PUEER RIS
b oZz, RICYWTHREBI VS AMERBREOHRIC L 2HEEHRICOVWTHRET LA, 7, #2
HADOEH IV YD AMFEERETH B33 Fofr— ML BEMABKICH L TOREET o7 /83 Foi—
M &2 EEMBARORLER, v T ML 2MREEFEELRET L2 83 Fo i — MOX 2 RTLE Xk
BERENETH ) AILERRIE 16 M7, BERSOUM U ELETH-7. L L, BiLE XM v
TR L APUERELEL 15% UL EFESN, R TH -7 KIS, EIWMAEHI VY AMEHRETH
5L o= MILDRBEEREF L. VL Far— b BBKEETH - 7245 BTLEREL 5uM LLETH
BEI—FThot. BEBIZENSI FOr = XDV L FaAr— ML ARMRESBRHENTH Y, FEMIZIZ
VRO R—MILE B THIREESBENTHALEZ LN, BTFERICLA2ERIENKMAREES LT
vO T MIREIC & A Skt 3 UEE D RASHRGCTE, (P REL L OHALIRVMFETE S Z LATRE S
WA
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