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compression myelopathy. One month after G-CSF adminis-
tration, mean recovery rate of JOA score was 29.1%. In con-
trast, it was 1.1% in the control group at 1 month after initial
treatment. In addition, we observed that both motor power
and pain sensation scores significantly increased in the G-CSF
group compared with the control group at 1 month after
treatment. No surgical treatment was performed in patients
of either group during the month after G-CSF administration
or initial treatment, and they were equally provided conser-
vative treatment such as bed rest. Thus, the present results
strongly suggest that G-CSF administration exhibited a neu-
roprotective effect for the injured spinal cord in patients with
worsening symptoms of thoracic myelopathy and improved
the myelopathy.

To the best of our knowledge, there has been no other
medical treatment that has provided reliable evidence for
improvement of thoracic myelopathy. This study provides
evidence that G-CSF neuroprotective therapy may be useful
as a medical treatment of patients with worsening symptoms
of thoracic compression myelopathy. The G-CSF therapy
may be especially useful for patients in whom the treatment
of complications other than myelopathy needs to be given pri-
ority and thus requires a long waiting period before surgery.

In our present trial, no severe side effects occurred. Thus,
we suggest that the dose (10 pg/kg per d), duration (5 consec-
utive days), and route {intravenous administration) of G-CSF
administration used in this study are principally safe for the
treatment of patients with thoracic myelopathy.

The biggest limitation of this study was that the trial
was performed as an open-labeled study and the selection
of patients to the G-CSF group and the control group was
not randomized. We cannot deny the possibility that a pla-
cebo effect of injection may participate in the improvement
of neurological symptoms. To increase the level of evidence,
in the next stage the study design should be a randomized,
double-blind placebo-controlled study. By conducting a phase
IIb clinical trial in a large number of patients with the study
design described earlier, we will be able to reach a better con-
clusion regarding the effectiveness of G-CSF neuroprotective
therapy for patients with worsening symptoms of thoracic
compression myelopathy.
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> Key Points

O A multicenter prospective controlled clinical trial was
performed to confirm the feasibility of G-CSF admin-
istration for patients with worsening symptoms of
thoracic myelopathy.

O For 10 patients with progressive myelopathy, G-CSF
(10 pg/kg per day) was intravenously administered
for 5 consecutive days.

U The administration of G-CSF caused neurological
recovery in the patients. '
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Abstract

Purpose The intravenous administration of «-Galactosylcera-
mide («-GalCer)-pulsed antigen presenting cells (APCs) is
well tolerated and the increased IFN-y producing cells in the
peripheral blood after the treatment appeared to be associated
with prolonged survival. An exploratory study protocol was
designed with the preoperative administration of «-GalCer-
pulsed APCs to clarify the mechanisms of these findings, while
especially focusing on the precise tumor site.

Methods Patients with operable advanced lung cancer re-
ceived an intravenous injection of a-GalCer-pulsed APCs
before surgery. The resected lung and tumor infiltrating lym-
phocytes (TILs) as well as peripheral blood mononuclear cells
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were collected and the invariant NKT (iNKT) cell-specific
immune responses were analyzed.

Results Four patients completed the study protocol. We ob-
served a significant increase in iNKT cell numbers in the TILs
and augmented IFN-y production by the «-GalCer-stimulated
TILs.

Conclusion The administration of «-GalCer-pulsed APCs
successfully induced the dramatic infiltration and activation
of iNKT cells in the tumor microenvironment.
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Introduction

V24 invariant natural killer T (V24 iNKT) cells are a
unique innate lymphocyte subpopulation characterized by
the expression of a canonical invariant T cell receptor with a
specific a~chain gene rearrangement (Va24-J18) and pair-
ing mostly with a V11 p-chain in human. Synthetic gly-
colipid, «-Galactosylceramide (x-GalCer) is a mouse and
human iNKT cell ligand, presented by a monomorphic class
I-like antigen presenting molecule CD1d [1-3]. Ligand ac-
tivated iNKT cells exhibit both direct and indirect potent
anti-tumor activity.

Patients with malignant diseases show either a decreased
number or functionally impaired V24 iNKT cells in human
peripheral blood mononuclear cells (PBMCs) [4-9]. Head
and neck cancer patients with poor circulating iNKT cell
number show significantly worse clinical outcomes, suggest-
ing an important contribution of iNKT cells to anti-tumor
responses [10]. In addition, the ability to produce IFN-y from
circulating iNKT cells in cancer patients is preserved even
though the absolute number of INKT cells decreases, and thus,
residual iNKT cells might still have a good competence to
exert anti-tumor responses. Therefore, the expansion and ac-
tivation of these cells in vivo may be therapeutically mean-
ingful in patients with severely decreased or functionally
deficient V24 iNKT cells. Clinical studies of «-GalCer-
pulsed antigen presenting cells (APC)s have been conducted
to recover a functionally sufficient number of V24 iNKT
cells [11-14]. A phase /I study ofx-GalCer-pulsed APCs in
patients with advanced or recurrent non-small cell lung cancer
(NSCLC) found that the treatment elicits V24 iNKT
cell-dependent immune responses, which are correlated with
prolonged overall survival time [13]. The mechanisms that
underlie this positive clinical outcome are still unclear,

The current clinical trial focused on the iNKT cell-specific
immunological responses in the tumor microenvironments to
investigate further anti-tumor mechanisms of Vo24 iNKT
cells after x-GalCer-pulsed APC treatment. Therefore, in this
exploratory study, the preoperative administration of «-
GalCer-pulsed APCs was performed to clarify the iNKT cell
specific immune responses at the tumor site more precisely.
The results indicated that x-GalCer-pulsed APCs successfully
induced the activation of tumor infiltrating V24 iNKT cells
in the lung.

Material and Methods
Patient Eligibility Criteria
The study included patients between 20 and 80 years of age,

with a diagnosis of clinical stage IIB or IIIA NSCLC that
was to be treated surgically. Further inclusion criteria were a
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performance status of 0, 1, or 2; normal or near normal
renal, hepatic and hematopoietic function; and no chemo-
therapy or radiotherapy received for at least 4 weeks before
enrollment. Va24 VB 11" iNKT cells were detected by flow
cytometry in the enrolled patients at a level of >10 cells in
1 ml peripheral blood. The exclusion criteria were a positive
response to HIV, hepatitis C virus, or human T-cell lympho-
trophic virus antibodies; positive for hepatitis B antigen; the
presence of active inflammatory disease or active autoim-
mune disease; a history of hepatitis; pregnancy or lactation;
concurrent corticosteroid therapy and evidence for another
active malignant neoplasm. The «-GalCer-pulsed APC non-
treatment cases were investigated as a control group to
elucidate the effects of x-GalCer-pulsed APC treatment.
The inclusion and exclusion criteria of the control group
were the same as for the treatment group. The histological
type, tumor-node-metastasis classification and the anti-
tumor effect of treatment were classified according to the
general rules for the clinical and pathologic recording of

lung cancer as described by the Japan Lung Cancer Society.

Clinical Protocol and Study Design

The study was carried out in the Department of Chest
Surgery, Chiba University Hospital, Japan, according to
the standards of Good Clinical Practice for Trials on Medic-
inal Products in Japan. The protocol was approved by the
Institutional Ethics Committee (No. 1972). In addition, this
trial underwent ad hoc reviews by the Chiba University
Quality Assurance Committee on Cell Therapy.

The study design is illustrated in Fig. 1. Written informed
consent was obtained from all of the patients before under-
going a screening evaluation to determine eligibility. Clinical
and laboratory assessments were conducted once a week,
including of a complete physical examination and standard
laboratory values. Any adverse events and changes in labora-
tory values were graded according to the National Cancer
Institute Common Toxicity Criteria version 4.0.

Preparation of APCs from Peripheral Blood
All procedures were carried out according to the Good

Manufacturing Practice standards. Eligible patients underwent
peripheral blood leukapheresis (COBE Spectra, Gambro BCT,

apheresis APC surgery
0 7 14  day

Fig. 1 Study design of a-GalCer-pulsed APC administration. The
patients received x-GalCer-pulsed APCs. The timing for both apheresis
and o-GalCer-pulsed APC administration are shown. APC, o-GalCer-
pulsed APC administration
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Inc., Lakewood, CO) and PBMCs were collected and further
separated by density gradient centrifugation (OptiPrep,
Nycomed Amersham, Oslo, Norway). Thereafter, whole
PBMCs were cultured with GM-CSF and IL-2, as previously
described [11, 15]. Briefly, PBMCs were washed three times
and resuspended in AIM-V (Invitrogen Corp., Carlsbad, CA)
with 800 units/ml of human granulocyte macrophage colony-
stimulating factor (GeneTech Co., Ltd., China) and 100 Jap-
anese reference units per milliliter of recombinant human IL-2
(Imunace, Shionogi, Osaka, Japan). The cultured cells were
pulsed with 100 ng/ml of specific ligand, x-GalCer
(KRN7000; Kirin Brewery, Gunma, Japan) on the day before
administration. Whole cells were harvested after 7 days of
cultivation, washed 3 times and resuspended in 100 ml of
2.5 % albumin in saline. The patients received an intravenous
mjection of the cultured cells once (Fig. 1). The criteria for -
GalCer-pulsed APC administration included a negative bac-
terial culture 48 h before APC injection, cell viability >70 %
and an endotoxin test 48 h before APC injection with a
result <0.7 Ehrlich units/ml. The patients were injected with
1x10° cells/m%/injection of APCs.

Phenotype Evaluation of APCs

The phenotypes of a-GalCer-pulsed APCs were determined
using a FACSCalibur flow cytometer (BD biosciences). The
monoclonal antibodies (mAb) used were FITC-labeled anti-
HLA-DR, CD83, CD14; phycoerythrin-labeled anti-CD86,
CDI1d; and allophycocyanin-labeled anti-CD11lc, CD40
(Becton Dickinson, San Diego, CA). Isotype-matched
control mAbs were used as negative controls.

Preparation of Tumor Infiltrating Lymphocytes, Tumor
Cells, Normal Lung Mononuclear Cells and Lymph Nodes
Mononuclear Cells

Fresh tumor tissue specimens were obtained from the surgi-
cal specimens and the tissue was cut into small pieces with
scissors. The tissue specimen was placed in a flask with a
mixture of 0.1 mg/ml DNase type I, 1 mg/ml collagenase
type IV and 0.5 mg/ml hyaluronidase type V (all from
Sigma, St. Louis, MO) in RPMI 1640 and stirred at room
temperature for 1 h. The resultant cell suspension was
washed in HBSS and subjected to two-layered (75 and
100 %) Ficoll-Hypaque discontinuous density gradient
centrifugation at 1200 g for 20 min. The cells from the
100 % interface and 75 % interface were used as tumor
infiltrating lymphocytes (TILs) and tumor cells, respec-
tively. Normal lung tissue and lymph nodes were excised from
the surgical specimen, cut with scissors in RPMI 1640
containing enzymes and passed through a gauze filter.
The resultant cell suspension was washed in HBSS and
subjected to Ficoll-Hypaque gradient centrifugation. The

interface was collected and used as either a normal lung
or lymph node.

Immunological Monitoring

PBMC samples were obtained at least twice before APC
administration and 1 week after APC injection.

Flow Cytometric Analysis of Vo24"VB11" Inkt Cells
in the Peripheral Blood and TILs

The cell concentrations of Va24"VB11" iNKT cells in
PBMCs, TILs and mononuclear cells from normal lung
tissue or lymph node were assessed by flow cytometry.
Mononuclear cells were three-color stained with FITC-
conjugated anti-T-cell receptor (TCR) Va24 mAb (C15;
Immunotech, Marseilles, France), phycoerythrin-conjugated
anti-TCR VP11 mAb (C21, Immunotech) and APC-
conjugated anti-CD3 mAb (UCTHI1; BD Bioscience). The
stained cells were subjected to flow cytometry and the
percentages of V24 "VB117CD3" cells among mononucle-
ar cells were calculated. Thereafter, the number of INKT cells
(counts/ml) was estimated based on the PBMC counts.

Single-Cell Enzyme-Linked Immunospot Assay

PBMCs, TILs and cells from normal lung tissue or lymph
nodes were washed 3 times with PBS and then were stored
in liquid nitrogen until use. IFN-y-secreting cells were
assayed in 96-well filtration plates (Millipore, Bedford,
MA) coated with mouse anti-human IFN-y (10 pg/ml;
Mabtech, Nacka Strand, Sweden). The cells (5x10° per
well) were incubated for 16 h with or without o-GalCer
(100 ng/ml) in 10%FCS containing RPMI. Phorbol 12-
myristate 13-acetate (10 pg/ml) plus ionomycin (10 nmol/l)
was used as a positive control. After culture, the plates were
washed and incubated with biotinylated anti-IFN-y (1 pug/ml;
Mabtech). Spot-forming cells were quantified by microscopy.

Quantitative Real Time PCR of V24 Invariant
TCR and CD1d Expression

Total RNA was extracted from the tumors, normal lung
tissue and lymph nodes using TRIzol Reagent (Sigma
Aldrich) and reverse transcribed using Superscript II RT
(Invitrogen Life Technologies) and oligo (dT12-18) primers
(Invitrogen Life Technologies). The primers specific for the
constant region of TCR « chain (Cex) (sense, CGCCTTCAA
CAACAGCATTA; antisense, ACCAGCTTGACATCA
CAGGA), TCR Va24 (sense, GCAAAGCTCTCT
GCACATCA; antisense, CCAGGGTTGAGCCTCTGTC),
CD1d (sense,gtcagggaagtcggaactga; antisense, atcctgaga-
catggcacacc) were used with 5 pug of sample cDNA and
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amplified with Tag polymerase (Promega). Quantitative real-
time PCR was performed using real-time Tag-Man technolo-
gy and an ABI PRISM 7000 sequence detector (Applied
Biosystems, Foster City, CA). The expression was normalized
using the Co signal for Va24 and GAPDH for CD1d.

Statistical Methods

Statistical analyses were performed using Student’s #-test.

Results
Patient Characteristics

A total of 4 patients met the inclusion criteria and were
enrolled in the study. The patient characteristics are summa-
rized in Table I. The study included one patient with ade-
nocarcinoma and three patients with squamous cell
carcinoma. Two patients were stage IIb and two were stage
Ifla primary lung cancer. No patients had received any
previous treatments.

In addition, a total of 6 patients who had not received -
GalCer-pulsed APC injection were enrolled as the control
group. Fresh tumor tissue, normal lung tissue and lymph
nodes were excised from the surgical specimens. The patient
characteristics of the control group are also listed in Table L

Phenotypes of «GalCer-Pulsed APCs

The phenotypes of aGalCer-pulsed APCs prepared for ad-
ministration were analyzed by flow cytometry. All profiles
for each patient are shown in Fig. 2. The percentages of
HLA-DR", CDl11c", CD86", CD40", CD83" and CD1d"
cells were determined by the overtone subtraction test using
the population comparison platform in the FlowJo software
package. More than 50 % of the cultured cells were HLA-
DR cells, 10 % to 50 % were CD11c" cells and 50 % to

80 % were CD86" cells. Interestingly, the majority of the
cultured cells were CD3" T cells or CD56 'CD3" NK cells,
indicating the expression of HLA-DR", CD11c" or CD86"
on human T cells or NK cells (data not shown). Some
variations were observed in the expression of CD83 (23.9-
55.4 %), CD40 (8.5-17.1 %) and CD1d (23.1-69.9 %;
Fig. 2).

Adverse Events

No serous (grade >2) toxicity or severe side effects were
observed in any patients.

Immunological Monitoring of PBMCs and Resected
Specimens

Immunological assays were conducted for all patients. The
frequency of peripheral blood Va24 iNKT cells in all
patients was measured by FACS. Figure 3 shows that two
patients (cases 002 and 004) showed an increased number of
circulating V24 iNKT cells after the o-GalCer-pulsed
APC administration. No clear relationship was found be-
tween the number of circulating Va24 iNKT cells and the
a-GalCer-pulsed APC administration in the remaining two
patients (cases 001 and 003).

Immunological assays were also performed for TILs and
mononuclear cells (MNC)s from normal lung and lymph
node tissues. TILs from all 4 cases in the x-GalCer-pulsed
APC administration group contained a high percentage of
V24 iNKT cells in comparison to the normal lung MNCs
(TILs; 1.86 %, 0.32 %, 0.15 % and 0.39 % vs. lung MNCs;
0.031 %, 0.013 %, 0.003 % and 0.01 %, Fig. 4a). The
frequency of V24 iNKT cells in the TILs in case 001
was 60 times higher than the normal lung MNCs. Though
the content of V24 iNKT in the normal lung MNCs was
extremely low in case 003, the Va24 iNKT cells were found
to have accumulated in the TILs. The average percentage of
Va24 iNKT cells in the TILs was 50 times higher than that

Table I Patient characteristics

of x-GalCer-pulsed APC Case Treat® Age/Sex Histology c-stage Operation method
group and control group
001 APC® 75/M Ad® T2NIMO (stage 1IB) Lobectomy+LND#
002 APC 76/M Sq° T2N1MO (stage IIB) Lobectomy+LND
003 APC 74/M Sq TIN2MO (stage IIIA) Lobectomy+LND
004 APC 68/M Sq T3NIMO (stage IITA) Pneumonectomy+LND
c-01 cont® 1M Sq T2NIMO (stage 1IB) Lobectomy+LND
*Treat, Treatment; "APC, c-02 cont 55M large® T2NIMO (stage IIB) Lobectomy+LND
a-GalCer-pulsed APC adminis- 3 cont 70 M Sq T3NOMO (stage IIB) Lobectomy+LND
tration; ° cont, control; “Ad,
Adenocarcinoma; ¢ Sq, c-04 cont 2M Sq T3NIMO (stage IIIA) Bilobectomy+LND
Squamous cell carcinoma; c-05 cont 56/M Sq T2NIMO (stage 1IB) Lobectomy+LND
large, large cell carcinoma; c-06 cont 63M Ad T2N2MO (stage IIIA) Lobectomy+LND

& LND, Lymph Node dissection
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Fig. 2 Flow cytometric
analysis of x-GalCer-pulsed
APCs. The expression levels
of HLA-DR, CD1lc, CD86,
CD83, CD1d and CD40 were

assessed by flow cytometry.
Shaded areas: background
staining with an iso-type
control. Solid lines: staining
profiles of the indicated

42.4%

molecules. Values represent the
percentages of positive cells

17.1%

004

69.9% 1.7%

HLA-DR

CD11c CD86 CcD83 CD1d CD40

in normal lung MNCs. The Va24 iNKT cell frequency in
the draining lymph nodes of each case was almost the same
as that in the normal lung MNCs (Fig. 4a).

The proportion of Va24 iNKT cells in the control group
showed a relatively high percentage of TILs in comparison
to the normal lung MNCs (TILs; 0.031 %, 0.058 %, 0.13 %,
0.47 %, 0.18 % and 0.12 % vs. lung MNCs; 0.034 %,
0.011 %, 0.004 %, 0.039 %, 0.014 % and 0.02 %,

Fig. 3 Immunological

w
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fluorescence intensity

Fig. 4b). The average percentage of Va24 iNKT cells in
the TILs was only 8 times higher than that in the normal
lung MNCs.

Normal lung MNCs in the control group demonstrated a
trend toward a higher V24 iNKT cell rate in comparison to
the treatment group (Fig. 4c). On the other hand, the pro-
portion of V24 iNKT cells in TILs tended to increase in the
a-GalCer-pulsed APC injected group in comparison to the
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< Fig. 4 The frequencies of Vo24 iNKT cells in TILs and mononuclear

cells from normal lung and lymph node tissues. a, The proportion of
Vo4 iNKT cells (Va24"VB11" cells) in PBMCs on day 14, TILs,
normal fung MNCs and lymph node MNCs in thex-GalCer-pulsed
APC administration group were assessed by flow cytometry. The
lymph node MNCs column depicts one representative MNC profile
in the draining lymph nodes including hilar (#10, 11 and 12) and
mediastinal (#1, 3, 4 and 7) nodes. b, The proportion of Va24 iNKT
cells in PBMCs, TILs and normal lung MNCs in the control group
were assessed by flow cytometry. ¢-d, The comparison between the
V24 iNKT cell contents in normal lung MNCs ¢ and TILs d in the -
GalCer-pulsed APC treatment group and the control group. e The TIL/
Normal Lung MNC ratio of V24 iNKT cell proportion. control,
control group; Tx, «-GalCer-pulsed APC administration group;
*p=0.0008

control group (mean percentage, 0.68 % and 0.165 %,
Fig. 4d). The Va24 iNKT cell ratio of TILs/normal lung
in the o-GalCer-pulsed APC administration group was sig-
nificantly higher than that of the control group (p=0.0008,
Fig. 4e).
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Fig. 5 Detection of a-GalCer-reactive IFN-y-producing cells by
enzyme-linked immunospot assay. a Cryopreserved PBMCs, TILs,
normal lung MNCs and lymph node MNCs of the o-GalCer-pulsed
APC treated group were thawed and cultured overnight with either oc-
GalCer or vehicle. The presence of IFN-~y-producing cells was quan-
tified by an enzyme-linked immunospot assay. The resected draining

The number of IFN~y-producing cells after restimulation
with «-GalCer in vitro was concurrently monitored in
PBMCs, TILs, normal lung MNCs and lymph node MNCs
using an ELISPOT assay. An analysis of the PBMCs and
resected specimen showed the highest value of a-GalCer-
responsive IFN-y-producing cell number in the TILs of the
~GalCer-pulsed APC treated group (Fig. 5a). The absolute
number of «-GalCer-responsive IFN-y-producing cells in
the TILs was apparently high in cases 001 and 002, whereas
a relatively low value was seen in cases 003 and 004. This
observation was not detected with the use of control group
specimens (Fig. 5b). Together with the results in Fig. 4, the
administration of «-GalCer-pulsed APCs induced the mo-
bilization of endogenous V24 iNKT cells into the primary
site of the lung cancer and augmented the IFN-y-producing
ability of tumor infiltrating V24 iNKT cells.

In addition, the number of IFN-y-producing cells in
PBMCs was determined after restimulation with «-GalCer
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2100
[]
o
S
*
Qe
2
% 507

0

PBMC PBMC TIL Nor #i1s  #10 #7 #3
(pre) (di14)
Lymph Node

20 4 004
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T}
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=)
% 104
©
e}
L
[

N b

PBMC PBMC TiL Nor #4 #1

re d14 ——————————
(pre)( ) Lymph Node

[J Vehicle-pulsed PBMCs
Ml o GalCer-pulsed PBMCs

lymph nodes including hilar (#10, 11 and 12) and mediastinal (#1, 3, 4
and 7) nodes are shown. Spot number of IFN~y with standard deviation
for triplicate culture of 4 cases are shown. b Spot-forming cell number
in the control group. SFC, Spot Forming Cell; pre, pretreatment; d14,
day 14; Nor, normal lung MNCs; n.d., not done; #11 s, lymph node #11
superior; #11i, lymph node #11 inferior
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Fig. 5 (continued)

in vitro. In Fig. 5a, the number of IFN-y producing cells in
PMBC increased 14 days after treatment in case 002 and 004,
indicating that global NKT cell activation in these patients.

The mRNA Expression Level of V24 Inkt Cell Receptor
and CD1d

Quantitative RT-PCR was performed to further confirm the
increase in the number of Va24 iINKT cells. The mRNA
from the primary tumor, normal lung tissue and lymph node
samples was obtained from the a-GalCer-pulsed APC trea-
ted patients and the relative expression level of V24 in-
variant TCR and the constant region of TCR (Cx) mRNA
were evaluated. The mRNA for Va24 TCR was highly
expressed in the tumor (Fig. 6a). The Va24-J18 invariant
TCR mRNA could not be detected in the normal lung tissue
since the lung parenchyma included mainly alveolar epithe-
lial cells and only a low copy number of Cx mRNA was
detected. The relative gene expression of CD1d was also
evaluated by quantitative RT-PCR. CD1d expression was
ascertained both in normal lung tissue and tumor tissue in all
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4 cases and the expression level appeared to be higher in
normal lung tissue (Fig. 6b).

Discussion

The major aim of this study was to investigate the Va24
iNKT cell-specific immune responses in the primary tumor
site after the intravenous injection of «-GalCer-pulsed
APCs in patients with advanced NSCLC. The development
of these immunotherapeutic approaches with the adminis-
tration of «-GalCer-pulsed APCs requires a thorough
knowledge of local immune responses. V24 iNKT cells
accumulate in lung cancer lesions [5], as observed in this
report (Fig. 4¢). A significant increase in the tumor infiltrat-
ing Va24 iNKT cell population was detected after the
administration of «-GalCer-pulsed APCs in comparison to
the non-injected control group. This observation is quite
reasonable for the iNKT cell-targeted therapy aimed at acti-
vation of V24 iNKT cells in the tumor located site in vivo.
The activation status of CTLs, rather than just the existence
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Fig. 6 The relative mRNA

expression of the Vo24" TCR a
in tumor, normal lungs and LN#12 001 LN#11 002
lymph nodes. Cancer tissue, s
non-cancerous lung tissue and LN#11i LN#10
lymph nodes were obtained
from a-GalCer-pulsed APC LN#10 LN#7
treated patients. a The expres-
sion level of V24 TCR mRNA LN#7 LN#3
in each sample was analyzed by
quantitative RT-PCR. Each Normal | n.d. Normal | n.d.
mRNA was quantified by the
standard curve method and Tumor Tumor
copy numbers of Va24 TCR ! T ! ' T '
were normalized by the 0 0.02 0.04 0 0.0005 0.001
copy number of the constant (Vo24/Car) (Voi24/Co)
region of the TCR « chain ‘ 003 004
(Coc mRNA. b The expression LN#11i LN#11i
level of CD1d mRNA in each
sample was analyzed by quan- LN#7 LN#4
titative RT-PCR. Each mRNA
was quantified by the standard LN#3 LN#1
curve method and copy numb-
ers of CD1d were normalized
by the copy number of the Normal | n.d. Normal
GAPDH mRNA. LN, lymph Tumor Tumor
node; Normal, normal lung F :
tissue; Tumor, tumor tissue;
n.d., not detected; #11 s, lymph 0 0.003 0.006 0 0.0015 0.003
node #11 superior; #11i, lymph (Va24/Co) (Vo24/Car)
node #11 inferior
b 001 002
Normal Normal
Tumor Tumor —
1 1 1 I I i
0 5 10 0 5 10
(CD1d/GAPDH) (CD1d/GAPDH)
003 004
Normal Normal
Tumor Tumor
! ! ! r T 1
0 5 10 0 5 10
(CD1d/GAPDH) (CD1d/GAPDH)

of CTLs, has great prognostic significance [16—18]. There-
fore, IFN-y-producing cells were also monitored in PBMCs,
TILs and MNCs from normal lung tissue and lymph nodes
using an ELISPOT assay. After starting the protocol, stan-
dard preoperative chemo-radiotherapy was introduced to
treat locally advanced NSCLC, and such a change of treat-
ment strategy hindered the entry of patients into this proto-
col. In spite of the limited number of patients analyzed, the
results obtained by ELISPOT assay indicated that tumor
infiltrating mononuclear cells had augmented IFN-y

producing capacity, which may have a positive impact on
the tumor microenvironment.

Tumor infiltrating lymphocytes are found in a variety of
cancers and they are thought to be a result of a host immune
response directed against tumor cells. Several reports have
shown that the presence of large numbers of tumor-infiltrating
CD8" T cells are associated with a favorable prognosis in
esophageal carcinoma [18, 19], colorectal cancer [20, 21],
ovarian cancer [22], and pancreatic carcinoma [23], while
the infiltration of CD4™ T cells that posses regulatory function,
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such as Foxp3" regulatory T cells (Treg) are associated with
the poor prognosis of ovarian cancer [24, 25]. The balance
between CD8" CTLs and Tregs in tumors is critical for disease
progression and survival [24, 26, 27]. These diverse results
indicate that the functional roles of TILs are complicated and
uncertain and the effects of TILs might vary with the type and
stage of cancers. In addition to CD8" cytotoxic T cells, tumor
infiltrating V24 iNKT cells bave been reported to be a
positive prognostic factor for colorectal carcinoma [28]. The
current results indicated that the injection of a-GalCer-pulsed
APCs could induce the accumulation of V24 iNKT cells in
TILs, which would therefore lead to a good prognosis after a
complete surgical resection.

Although a complete surgical resection is regarded as the
optimal treatment for NSCLC, only around 25 % of NSCLC
are suitable for potentially curative resection. Despite optimal
surgical management, the 5-year survival rate of resected
NSCLC ranges between 85.9 % for pathological stage Ia and
41 % for pathological stage Illa [29]. Approximately 50 % or
more of patients with NSCLC who undergo surgery experi-
ence relapse due to the existence of microscopic lesions that
could not be detected by preoperative screening. Recently,
adjuvant chemotherapy given after surgery has been shown
to improve survival [30-32]. A meta-analysis suggested that
cisplatin-based adjuvant chemotherapy could yield an absolute
overall survival advantage of 5 % at 5 years [33]. At the same
time, chemotherapeutic agents often show severe toxic effects
and it was reported that in patients with early-stage disease
have deleterious effects on long-term survival. This empha-
sizes the importance of development of less-invasive preoper-
ative or postoperative therapy to suppress the growth of
micrometastases. Therefore, immune cells for tumor surveil-
lance, such as NK and iNKT cells, which possess anti-tumor
activity, should be beneficial and post-surgical adjuvant immu-
notherapy by the use of these cells may be favorable since the
residual tumor is quite small after a complete resection.

Conclusions

a-GalCer-pulsed APC administration successfully induced
the dramatic infiltration and activation of V24 iNKT cells
in the tumor lesion. This report is the first clinical trial of
V24 iNKT cell targeted immunotherapy that shows a
functional V24 iNKT cell accumulation in the tumor mi-
croenvironment. These results encourage the further devel-
opment of immunotherapy aimed at the activation of
endogenous V24 iNKT cells in the lung.
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EFEH L #E & B M A

(20114F 8 A20H &4+, 20114 9 H28H 1)
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ST sz, G-CSF% 5ug/kg/ A x5 HRE (1460), 10ug/ke/ B x5 HH (116)), 10png/kg/ B
X 3HM (16) oHx5E - BE CAREEERS L, B TOEBEDOZE{L% Visual analogue
scale (VAS) (ZTEHi L7z, 1B TS BZICEFVERL, 20 CIIEEICHE L2, BRER
MBI EH, B5HG,L 1 BRURNTRD SNz, FHEGEER CIZENFN 2 BIFL L4,
VASIZ, HFEESVEER CIRS W TEH633m) 5 H%5% 1 Al TFEH5.0m (P<005) 12, &
WRERBER TS ITH67.Innd 5% 5% 1 B TFH443m (P<005) ICRP Lz, 5%
6 » AHOBZEHABFIC 7T A TEBERDROBFGIR LN, BROMEFIRTH I » A4
Bl, 6 » BEBIZIFETRD LN/, SHOKE D, GCSFFREEER IOV U CEFERRA
REFTHI EIRBINT,
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I. #

BRI EMIEIE &%, 20094 LI AFR ¢ fF
ENAEI ol L ETH L, HERE
FEEOLNTEWARWD, AT - BHGEH
FALRE 2 &2 X 2 EEEEMES, SEHEE
EOFHMEEIERT S LEXONIEH LT
HEBHBLTCB[12] BEZAMEERICHN
R BRI DS D B EEPRECOIGFET
HY, BETIEBEALED S 2WIREOREA
WA ERFIERIT TR T, =T (BREE) 2,
BEEMBMLL ) BAOHOMNTONRL X %H

Bl LIREFEEINE, EAT O PR
(NSAIDs) OENRATIE <, Bl TILRR M RER
EMERTHRON YT AR L &L, TV
IN) U EOMTADARER—H O 2ER L
DFEMEPEH S N T E 7245351, % DfER
f%fb%+ﬂ&%%%%ﬁ%%hébﬁfu&
Vi, FREEDST IR EINTE 5, REFC
TEFT HFUSHEENERE R 2720, 1HR w%fﬁ(x
TAHZEPRLIELIETH B RIFTIZ 22
VIR A GBI X ) B B R B ST 9E
BRHTEICIEES N, RESED LN TV

&&g 20084F- 20 & 2 B RHEEE & %b

HEEMEEEEERE IO T 2 E ko
0 = —fl#AF (Granulocyte-colony stimulating
factor: G-CSF) % F w7 MR EE 0 B ER
Ao T A[6-9]c G-CSFIZMERFAIZIEH T
LEERTTH Y, WERICRMPBOSL - HEIE -
HEFRER COER 2 AT 210]0 FHTIRDA
ALEEFREIC X B UF P ERIRAME RS, A B
HFF O B MBI O KM~ B2 &0 BT
BRRBEH S Tvd, HRRMRERICBW T, &
PaAH A B - FRER BB T AL, WX
HE T A MR RE(ER 2 L s T

BY[12], #ESFCIFZE I 5 B SERD
HEEANTWB[13]l, MEXY, FTHEHEICHLT
b G-CSFASVEHEA R A FE L 5 2 RS E
SNz, bitbid<w 7 ABLUTIy M
BREEETFVEBWTGCSEFOAEEL & U
ZOER#EFE o EWmE L T&2[1418], £
MR, GCSF# 512 & ) BECEBREEIHE B
WE L. TOMFICELTIX, OGCSFIZL

il

2

DEVR SNBSS FRIEESICE
ETAH, QEEWICHEMRIELZORHT S, &
Oligodendrocyte D MBI FE % #06I L, #E8 % (RE
T5, @FREWFA bAAY (TNF-a, IL14)
BEEHHT 5, OMEHELREST 2, 208
EEIN[14-18]c TS ORI S, BHE
SR O BRI LT b G-CSF 251 #%
REEHZF T AR SN/, EE
HHMESEEERF N TA2HEELLTO
G-CSFO&Z &M - B2 MR T 5 72O BRIKRH
BrBAts L7-[67]. R & LT, GCSFO&RE
HWAHER I N, 20 CHREROYE ;RO 5N
7ro S HIZ, FPHIERIIRE LT, GCSFH#5%
WCHEMREEIRE T 5 EIm AR L 2B 2 Db
SR 22[19]e S &5 G-CSFAYH B
BT 20 LT & 2 OB R B T
BT LR E NIz, SEE, RIRBEERAIZSBT
% G-CSF# G % OB MEEMEEROEL L MET
L7z,

0.5 &
20094 1 H 55201048 2 A o Ic, FHEE
WRE T A M AR z16Mizxr L, G-CSF%

R 7o R FE R E O BRIR SR 2 1T L 2o 4
ik, FOHRTHES,S 69 AL EESBREL 2/
13 E SR e LCRE L7 (F1). ERIL1~6
X, B ELAE (OPLL) B & UTE G
FALE (OYL) 12X 2 EEEHREOSEEE
(H AR EXBEEGR % [JOA R
a7] PEHED 1 T2 R EEMR) IHL
TGCSFOHEGEPITbNTze TD6FITOHRE
Fﬁﬁﬁrm FHURE O ZEETE & OB <
B, FRESENERL LToEL
&J%@@qu&m@&%g B, AEG
1 T5ug/kg/H x5 HHMH, EH2~6Tl0pg/
kg/ H % 5 HE O REEETH o7z, 6 BT,
G-CSF#% 5-#15~ 8 B THMIE I T 5 E H Ik
P Al £ 72 I3HER RT3 T o 7z,
FEB 7 Gk, FEMEREMEBREEICMES EEA LR
% TR DS L'(i) v, fEF 8 ~13TIE, FHE
2K B AT oM R IERBEEDEREAEE L T
Wizo L7200 T, EF 7 ~13% FRUEREER



FRIEE MR T 5 G-CSFRE 3

F1 HREEEEEEIINT 5 G-CSFiRSER

o e GCSF G-CSF
I L FRE e CCSE wh  Fhta RS
No B i SE ww HVE wm mm T

" HATE R (ugkgrB) TR . R
(H) ()
1 68/ igmEEE + T4/ 5 5 ﬁ?ﬁgﬁm 15
2 46/ B E(LE + Te 10 5 ’éﬁ?{tx 8
3 T5/E BEHEELE + CAs5 10 5 @jﬁgﬁﬁ 7
4  64/F BHEFELE + C4/5 10 5 %E?E@% 2
S B BRI B
5 3B BHHIEELE +  T8/9 10 N 4
MR YR
gy
AAAAAA 6 G AmbEEE o+ Tz 105 a8
7 73/8  EREEEERE - C4/5 10 5 - -
8 58/  MLEE{LEAE S 10 5 - -
9 72/8  HREMHMEEEMAR - T12/L1 10 5 - -
10 71/8 BB LEMNR - C5/6 10 5 - -
11 78/8 #HEEEE{LERE - T10/11 10 5 - -
12 70/ BitEEELEMNE - C4/5 10 5 - -
13 38/%  WSREBAE - T2 10 3 - -
a G-CSF# 5 OFAF, T: Thorachic vertebrae (JIHE)/C: Cervical vertebrae (FEHE)
ESEL RS DT, GCSFOIRSE - HIH - =

i, JEBFI7 ~12T10ug/ke/ H x 5 H @ E k&
ETH 572, FEFINST L F—%HTG-CSF D
B2 LA, 3 HE O GHIRERIEIZE
IRBDE L2z, BEEPIL ko7,

KB L EEFHOMEBEMMN 6, FRE
EREBET2EICHELZ, T2bb, BEH
HEMOEAB L UBERME S 2B LA
HIH O A @ atlevel pain, TEEI X Y 3HEETLL
LR O8O & A % below-level pain & 3% L
7oo FEIEOIEEL, Visual analogue scale (VAS:
0 ~100mm) = A v TREAl L 720 H REJE O FF
2, JOAR a7 (FHBEE: 0 ~17/, MRE:
0~1157) ZHAWVZ, ETFROEHIIEHEIC I,
American Spinal Injury Association (ASIA) &
A7 (0~100m), LETREEROREE O
WIZASIABEA 7 (0~112K) 2R,

BEETFIEHELIE 7 1 v ¥ v — OIEERRRE
Evanayy rOffFFRIERE R v, P<
00562 FEEDY & L7,

FRESMEBERHAICBIT AEMEIE, at
level pain %% 4 #, below-level pain 282 FlTH ),
BRMHIMIL02~ 4 (FHLEE) Thol (F
2) BHMEHEAET BT 2EBIE, at
level pain 2% 3 i, below-level pain?4 Bl TH b,
BRI T ~279F (FBI094E) ThHo7e (R
2 ). BHESEERICBI 2 ABYM), &
WCEh o7z (P<001)s

ERESMEER T 6 M2 Tl0mil Lo
VASOKTHED b, 5% 1 BB LAICE
BRI/ T (B3A). TEIERN
HELABG 1H EFS) AL, VASIE
& 550 F163.30m 7 6 3% 5-72 1 A T 2500
WA L7 (P<005). BRMEIRIZ3IBITHSHZ
3o BERICEEESSR SN, 16 GERI3) Tiddk
SHROERICK o720 5% 6 » B ORETO
VASIZF5333mTH o7z (P <005),

FREREERETIE7HFR 58 T10mEL o
VASOETABo 67 (R3B). BEIERE
PHEERLZHS 18 GEFILL RD LNz,



4 oo &

%2 FHESWREORIR

Y

B mmonm  mmomt PRI i
1 below-level W FRE&% L U IB O BEV S M 0.7
2 at-level Jiinfcg DT ENDB XD BfEA 08
3 below-level TR L OO TR & 3
4 at-level HF L IR D 5R Vi A 0.3
e | LR 5 )
by b R T P
,,,,,,,, 6 atlevel — WEEH  LUREOMGES 02
7 below-level W RS LU D BB A 13
8 at-level EFHE L OSBRI A 1
9 below-level W REELR T & %A 3
o= o 3}
10 at-level gi%; Lofk L B DR A 3
11 below-level — TAHRAMH L OSIUED BR i A 19
12 at-level WE AT HIBRR 2% S T A 27
13 below-level A TFR&E L N DGR A 10
£3A GCSFRSHOVASOEIL (FHERENER
e
g o1 5T VAS VAS#/ i a
No. jﬁ; 138 1#8  3»H 627 138 1#H  3#xA  6xR
LA
1 50 25 25 25 25 25 25 25 25
2 60 30 30 30 20 30 30 30 40
3 50 30 30 50 50 20 20 0 0
4 50 25 25 45 45 25 25 5 5
5 80 0 0 0 0 80 80 80 80
,,,,,, 6 9% 4 4 60 60 5 5 3 30
iy 633 25.0° 25.0* 35.0° 333" 383 383 283 300
+ SD *175 +134 +134 +*214 223 +22.9 +229 +284 +288
VAS: 0 ~ 100mm
a BEHEM O VAS 6 O EME
nISERNCH LEEICES (P <005)
# 3B G-CSF#5%n VAS D%t (FREREIER)
521 w5 VAS VASHEAME a
No. gM 13 1% A 3% A 67 H 138 17 A 3% H 6% A
ERE
7 70 70 70 70 70 0 0 0 0
8 50 40 40 40 50 10 10 10 0
9 90 90 90 90 90 0 0 0 0
10 80 50 50 50 50 30 30 30 30
11 60 0 0 60 60 60 60 0 0
12 60 20 20 20 30 40 40 40 30
iy 67.1 443 4.3* 529 58.6 229 229 143 86
+SD +138 +299 +299 +229 +186 +22.1 +22.1 +162 *146

VAS: 0 ~ 100mm
a WHEFTO VAS 2 & DA E
* REHEEIC K LEEICES (P<005)



FRARE R IO 5 G-CSF L 5

F4A GCSF#ESHDJOARITOE(L (FRIESMINER)

B JOAA T () dEE (%)

No. B5 1y Aei ®w5EH  12RA%  6»A% 1A% 62 A%

1 85/11 15/11 6/11 8/11 474 684

2 75/11 55/11 65/11 10/11 182 81.8

3 16/17 85/17 145/17 145/17 706 706

4 14/17 95/17 145/17 145/17 66.7 66.7

5 6/11 4/11 6/11 6/11 286 286

6 6/11 4/11 65/11 65/11 357 35.7
D/ Ry S
*SD +21.0 +213

REAE: 0 ~114)

HBEREBER (F4B) LILERICUE (P<00D)

F4B GCSFHEHODJOA AT DR CFIEERBIER)

fE JOAZ a7 (H) e (%)
No. W51 Aa  HSEW 1»A 6» A% 12 B% 65 A#
7 13/17 13/17 13/17 13/17 0 0
8 5/11 5/11 6/11 6/11 16.7 167
9 55/11 55/11 55/11 55/11 0 0
10 45/17 45/17 8/17 8/17 28 28
11 4/11 4/11 6/11 6/11 286 286
12 11/17 11/17 11/17 11/17 0 0
13 3/11 3711 3/11 3/11 0 0
e P S e GETT
+SD +136

MEps 2Bl GEBIT, 9) HV, WEE D below-
level pain DFITH » 72, BERFI Tz, 18

BLUNICBREDRSE R Tz, VASIEES
B F3567 1om A & 3% 5-% 1 8 B T F3544.3mm 12 38,
L7 (P<005)e —F, BRBEFRT1IFTHE
5#%3 5 AEIZ, 3BITHRE 6 » HERIZHEE R
b, BREBESBHEBPIC3ACERSENOKR
IR o720 53 » HORKRE TOVASIZFEY
529mm& HE LS L Twic,

JOAZX 27 I HMESUMERO6HIE&HT
GCSFH#E5#gIzEmr Aoz (F4A). &5
%12 ABLU6 » ABEORERIFNEFNFIY
445%, 586% TdH o 7co BMEEM L LB L T
bHE e WREE TREL T, BIEREE
BTR 7R IFTIOARITOEMZED
B, BE5%1 2 ABLU6 » BEOWERINY
NHFIHI05% B E o7 (F4B). BER
BOhrorz26 GEFT7, 9) Tik, JOARZ

TOWFRRON T,
THESMMERO ASIA 2 271X, EH), &
BEELIHRERIyBBLU 6y BT, #5
Bl & RERICUELRD L (F5A). — A,
FHEREBEEHEOASIAZ a7 diEr2 ok
Motz (BE5B). EMBIO 26 ERT7,9) T,
EE) EEAIT LI, B0 TH o7,
FAYI AP O MBREUIHE S BEHR 1 HAE2HH
Bl (B6) 75, #ERTHEERLHITH
PL, 1BABOBEETEESHOMEIIE> Ty
7oo HIIZROGE R, BAIRASERICHEML T
oS, HEROEMbAETHo, CRPLEE
WZIBIM L Twiz2s, BEOMINTS b BRKAIZR
BHE 7 BETHE D 072, ) Y SEREIER SR
TEERD 2o lz. HEHMT, BLUERS
BICEHELAEEZEROBETFRDO Lo 72,



