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confirmed that these cytokines show their maximum fibroproliferative
effects at these concentrations (data not shown) and our results were
consistent with previous studies [18-20). In addition, the proliferative
activities of CCD-11Lu in the presence of certain concentrations of these
cytokines accompanied by 100 U/ml of KL-6 were also assessed. Results
were expressed as values relative to those obtained from the cells cultured
in the absence of any cytokines or KL-6.

Statistical analysis. All experiments were performed in triplicate. Data
are expressed as means £ SD. Differences between two categories were
analyzed using Student’s ¢ test and the Mann-Whitney’s U test. Data
obtained from the experiments using various concentrations of the
reagents (KL-6 and anti-KL-6 mAb) were evaluated using one-way
analysis of variance (ANOVA). A p value <0.05 was considered statisti-
cally significant.

Results
KI-6 accelerates proliferation of human lung fibroblasts

The presence of 100 U/ml of KL-6 in the culture medi-
um was found to accelerate cell proliferation in all of seven
human lung fibroblasts examined (Table 1). CCD-11Lu
fibroblasts were selected for further experiments based on
the strength of their response to KL-6. As shown in
Fig. 1A, the presence of K1L-6 from 1 to 1000 U/ml accel-
erated the proliferation of CCD-11Lu in a dose-dependent
manner. Furthermore, addition of anti-KL-6 mAb inhibit-
ed the KL-6-induced proliferation of CCD-11Lu in a
dose-dependent manner, and 100 pg/m! of anti-KL-6
mAb completely counteracted the proliferation of
CCD-11Lu induced by 100 U/ml of KL-6 (Fig. 1B). To
further confirm the effect of KL.-6 on the proliferative
activity of human fibroblasts, we examined DNA synthesis
in the presence of 100 U/ml of KL-6. As shown in Fig. 1C,
BrdU incorporation was augmented in CCD-11Lu that
were cultured in medium containing KIL-6 and this
enhancement was attenuated by the addition of
anti-KL-6 mAb.

Table 1
Effects of KL-6 on the proliferation of fibroblasts

Cell line MTS absorbance® Promotion index®
control KL-6 (100 U/ml)
CCD-11Lu¢ 0.43 £+ 0.02 0.54 +0.01° 1.26
CCD-13Lu®  0.47+£000  0.53 £0.00" 1.13
CCD-16Lu®  0.40 4 0.01 0.48 +0.02 1.20
CCD-18Lu°  0.44 +0.01 0.53 +0.04" 1.21
WI-38° 0.56:0.02  0.68+0.01" 1.22
MRC-5° 0.46 =+ 0.00 0.55 +0.04° 1.20
MRC-9° 0.34 - 0.01 0.42 +0.02" 1.24
37134 0.43£0.00  0.41:£0.03 0.97
A-9° 0.31 £+ 0.01 0.30 £ 0.01 0.98

* MTS absorbance was measured in the absence of KL-6, which was
designated as a control. Data were determined in triplicate and are
represented as means £ SD.

b Promotion index = relative value of MTS absorbance evaluated in the
presence of KL-6 in comparison to control.

¢ Human lung fibroblast.

4 Mouse lung fibroblast.

® Mouse skin fibroblast.

* P <0.05 vs control, Student’s ¢ test.

KL-6 has an anti-apoptotic effect on human lung fibroblasts

Significantly more CCD-11Lu survived apoptosis in the
presence of KL-6 at concentrations ranging from 10 to
1000 U/ml, and the survival was a function of the KL-6
concentration (Fig. 2A). The anti-apoptotic effect of KL-
6 on CCD-11Lu was shown to be attenuated by anti-KIL-
6 mAb in a dose-dependent manner, and 100 pg/ml of
anti-KL-6 mAb completely atienuated the anti-apoptotic
effect of 100 U/ml of KL-6 on CCD-11Lu (Fig. 2B). Other
human lung fibroblasts (CCD-16Lu and WI-38) were also
examined, and similar results were obtained (data not
shown). To confirm the anti-apoptotic effect of KL-6 on
human lung fibroblasts, we quantified viable cells in
CCD-11Lu in the presence or absence of 100 U/ml of
KL-6 at 4, 6, 8, 10, and 12 h after inducing apoptosis with
an anti-Fas mAb and cycloheximide. As shown in Fig. 2C,
significantly more viable cells were found as early as 8 h
after inducing apoptosis in the group to which KL-6 was
added than in the group without KL-6, and this trend per-
sisted until observation was stopped 12 h after apoptotic
induction.

Anti-apoptotic effect of KL-6 on human lung fibroblasts is
confirmed by morphological and immunohistological
ASSESSMENnts

Apoptotic fibroblasts characterized by chromatin con-
centration, cytomembrane shrinkage, or neighboring cell
detachment were examined by Diff-Quik staining and Hoe-
chst 33324 staining. DNA fragmentation, which is another
indicator of apoptosis was assessed by TUNEL staining.
As shown in Fig. 3, the presence of K1.-6 in the culture
medium was found to decrease apoptotic fibroblasts. Fur-
thermore, the number of TUNEL-positive fibroblasts was
significantly lower in the group treated with KL-6 com-
pared to the group without KIL-6 (Fig. 4).

KL-6 augments proliferative effect of bFGF, PDGF-BB, and
TGF-$ on human lung fibroblasts

Every cytokine induced proliferation of CCD-11Lu,
which was consistent with previous studies [21-24]. Among
the cytokines examined, bFGF showed the strongest prolif-
eration-promoting effect: 48 h of co-incubation with
100 ng/ml of bFGF resulted in a 43.9% promotion of pro-
liferation, while incubation with KL-6 (100 and 1000 U/mi)
was 26.0% and 31.9%, respectively (Fig. 5A). In addition,
100 U/ml of purified KL-6 showed an additive effect on
proliferation promoted by each cytokine examined
(Fig. 5C).

KIL-6 has a stronger anti-apoptotic effect compared to that of
bFGF, PDGF-BB, and TGF-§ on human lung fibroblasts

KL-6 showed a stronger ability to protect CCD-11Lu
from apoptosis than bFGF, PDGF-BB, and TGF-p: 100
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Fig. 1. Effect of KL-6 and anti-KL-6 mAb on the proliferation of CCD-11Lu fibroblasts. Proliferative activity was expressed as a promotion index, a
relative value of MTS absorbance measured from the cells cultured in the presence of KL-6 to that in the absence of KL-6. MTS absorbance, which
indicates cell viability, was measured as described under Materials and methods. (A) Proliferative activity of CCD-11Lu was significantly augmented with
increasing concentrations of KL-6 (*P < 0.0001, one-way ANOVA). At KL-6 concentrations of 1, 10, 100, and 1000 U/ml proliferative activity was
significantly higher than without KL-6 (TP < 0.05, Student’s  test). (B) Accelerated proliferation of CCD-11Lu fibroblasts in the presence of 100 U/ml of
KL-6 was blunted by the addition of anti-KL-6 mAb in a dose-dependent manner (*P < 0.0001, one-way ANOVA). The inhibitory effect of anti-KL-6
mAb was statistically significant at concentration ranges from 1 to 100 pg/ml (*P < 0.05, Student’s ¢ test). Control mouse IgG had no effect. (C)
Incorporation of BrdU into CCD-11Lu cultured in the presence of 100 U/ml of KIL-6 was significantly higher than in the absence of KL-6, and this
enhancement was attenuated by the addition of 100 pg/ml of anti-KL-6 mAb (TP < 0,05, Student’s ¢ test). Control mouse IgG had no effect. Data were

determined in triplicate and expressed as means + SD (A-C).

and 1000 U/ml of KL-6 resulted in a 15.0% and 19.4% inhi-
bition of apoptosis, respectively (Fig. 5B). In addition,
100 U/ml of purified KL-6 showed an additive protective
effect from the apoptosis induced by each cytokine exam-
ined (Fig. 5D).

Discussion

In the present study, we have demonstrated that KL-6
molecules have a pro-proliferative effect on all human lung
fibroblasts that were examined in vitro. We also demon-
strated that KL-6 has an anti-apoptotic effect in that it res-
cues lung fibroblasts from apoptosis induced by anti-Fas
mADb and cycloheximide. In addition, we confirmed that
addition of anti-KL-6 mAb to the cell culture blunted both
the pro-proliferative and anti-apoptotic effects of KL-6 on

CCD-11Lu cells in a dose-dependent manner, indicating
that both effects are specific for the epitope of KL-6. The
proliferative activity of KL-6 was comparable and additive
to those of bFGF, PDGF, and TGF-B at concentrations
reported to show the maximum effects in vitro. Further-
more, the anti-apoptotic effect of KL-6 was stronger than
those of these cytokines and this effect was also additive.
In ILD, the concentration of KL-6 in the ELF is reported
to exceed 15,000 U/ml [5,8]. In the present study, however,
the effects of KL-6 on the proliferation and survival of
human lung fibroblasts were examined at the maximum
concentration of 1000 U/ml, because of technical problems
in purification of K1.-6. Taken together with our previous
study demonstrating the chemotactic activity of KL-6 on
fibroblasts [16], these results indicate that large amounts
of the KL-6 molecule in the alveolar spaces of IPF might
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Fig. 2. Effect of KL-6 and anti-KL-6 mAb on the apoptosis of CCD-11Lu fibroblasts. Quantification of viable cells following apoptotic induction was
assessed by MTS absorbance measured as described under Materials and methods. (A) Following the induction of apoptosis, more viable cells were
detected with increasing concentrations of KL-6 (*P < 0.05, one-way ANOVA). At KL-6 concentrations of 10, 100, and 1000 U/ml, the anti-apoptotic
effect of KL-6 was statistically significant ("P < 0.05, Student’s ¢ test). Values are represented as the percentage of MTS absorbance relative to that from the
cells without any treatment. (B) The anti-apoptotic effect of 100 U/ml of KL-6 on CCD-11Lu cells was inhibited by the addition of anti-KL-6 mAb in a
dose-dependent manner (*P < 0.0001, one-way ANOVA). The inhibitory effect obtained at anti-KL-6 mAb concentrations ranging from 0.1 to 100 pg/ml
was statistically significant (P < 0.05, Student’s  test). Control mouse IgG had no effect. Values are represented as the percentage of MTS absorbance
relative to that from the cells without any treatment. (C) The anti-apoptotic effect of 100 U/ml of KL-6 was observed as early as 8 h after the induction of
apoptosis (TP <0.05, Student’s ¢ test). This trend persisted until the observation was stopped 12 h after apoptotic induction (*P < 0.005, repeated
measurement of ANOVA). Data were determined in triplicate and expressed as means = SD (A-C).

promote intraalveolar fibrosis by inducing transmigration
and the accumulation of fibroblasts.

KL-6 showed a potent anti-apoptotic effect on lung
fibroblasts. This result suggests that KL-6 may be involved
in the survival of lung fibroblasts after apoptotic induction
by the Fas-Fas ligand system. The pathogenesis of pul-
monary fibrosis is now considered to be aberrant wound
repair and remodeling that follows sequential lung injury
[25]. Dysregulated epithelial-mesenchymal interaction is
believed to promote migration and proliferation of fibro-
blasts, myofibroblast differentiation, and extracelluar
matrix production. Another aspect of dysregulated epithe-
lial-mesenchymal interaction is the difference in apoptotic
response between AEC and fibroblasts [26]. Previous stud-
ies have shown that the Fas—Fas ligand pathway is aug-
mented in the lung from patients with ILD [27], which
induces apoptosis of AEC but not fibroblasts [28]. Anti-ap-
optotic proteins such as X chromosome-linked inhibitor of

apoptosis (ILP) and FLICE-like inhibitor protein (FLIPy)
may play an important role in preventing Fas-mediated
apoptosis in lung fibroblasts [28]. Nuclear factor-xB
(NF-xB), a transcription factor is one of the regulators of
ILP and FLIPp [29,30]. Based on these features, lung
fibroblasts have an original tendency to resist Fas-mediated
apoptosis compared to AEC. Our observations of a potent
anti-apoptotic effect of KL-6 on lung fibroblasts indicated
there is an augmentation of apoptotic tolerance to the
Fas-Fas ligand system in lung fibroblasts.

We have demonstrated that the pro-proliferative and
anti-apoptotic activities of purified KL-6 were comparable
to those of bFGF, PDGF-BB, TFG-B;, and -B, in this
experimental system. Previous studies have demonstrated
that proliferation in the lung microenvironment is regulat-
ed by a complex integration of a number of stimulatory
factors such as bFGF [23], PDGF-BB [22], TGF-B [21],
connective tissue growth factor (CTGF) [24], epidermal
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Fig. 3. Anti-apoptotic effect of KL-6 on CCD-11Lu fibroblasts assessed morphologically. CCD-11Lu incubated with or without 100 ng/ml of anti-Fas
mAb and 10 pg/ml of cycloheximide for 12 h in the presence or absence of KL-6 were stained with Diff-Quik (upper panels, A-C) and Hoechst 33342
(lower panels, D-F). The left panel of each staining result {A,D) shows the cells without apoptotic induction (negative control). The middle and the right
panels of each staining show the cells with apoptotic induction that were cultured in the presence (B,E) or the absence (C,F) of 100 U/ml of KL-6,
respectively. Red arrows indicate apoptotic cells, which were characterized by their condensed chromatin and fragmented nuclei.
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Fig. 4. The TUNEL staining of CCD-11Lu fibroblasts. (A) CCD-11Lu cultured in the presence or absence of KL-6 following apoptotic induction were
stained using an In Situ Cell Death Detection kit POD. The upper panel shows the cells without apoptotic induction as a negative control. The middle and
the lower panels show the cells with apoptotic induction cultured in the presence or absence of 100 U/ml of KL-6, respectively. (B) The percentages of
TUNEL positive cells relative to the total cells are represented. At least 1000 cells in each sample were counted. Data were determined in triplicate and

expressed as means + SD (*P <0.05, Mann-Whitney’s U test).

growth factor (EGF) {31}, and interleukin-1p (IL-1B) [32].
bFGF, PDGF-BB, TFG-JB;, and -B, are multifunctional
cytokines that are likewise involved in the suppression of
apoptosis in many cell types [33-35]. Pathological investi-
gations using lung specimens have indicated there is strong
expression of these cytokines in the lungs of patients with
IPF. It has also been reported that activated macrophages,
fibroblasts, and AECs are the predominant sites where
these cytokines are overproduced [21]. We previously
showed that PDGF or FGF had no effect on chemotaxis
of fibroblasts when 1000 U/ml of KL-6 was present [16].

In the present study, X1.-6 had an additive promoting effect
on the maximum effect of these cytokines in vitro, in terms
of proliferative and anti-apoptotic activities. Taken togeth-
er, these observations indicate that KL-6 is one of the most
important factors for the pathogenesis of IPF.

The above findings support our hypothesis that KL-6 is
one of the key molecules playing a crucial role in aberrant
wound repair and remodeling. Considering the importance
of KL-6 in the fibrotic process of ILD, anti-KL-6 mAb or
inhibition of the receptor for the KI.-6 epitope on MUC!
mucin, may indicate possible therapeutic applications for
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Fig. 5. Comparison of the pro-proliferative and anti-apoptotic effects of bFGF, PDGF-BB, TGF-B,, and -B,, with that of KL-6. (A) The relative
proliferation-promoting effects of CCD-11Lu co-cultured with bFGF (100 ng/ml), PDGF-BB (20 ng/ml), TGF-B;, -B, (2 ng/ml), and KL-6 (100 and
1000 U/ml) were compared with cells cultured without any cytokines. The promoting effect of bFGF was significantly stronger compared with 1000 U/ml
of KL-6 (*P < 0.05, Student’s t test). The promoting effect of PDGF-BB was comparable with that of 100 U/ml of KL-6. The promoting effects of TGF-B,;
and -B, were comparable with that of 1000 U/ml of KL-6. (B) The relative inhibitory effects on apoptosis of CCD-11Lu co-cultured with bFGF (100 ng/
ml), PDGF-BB (20 ng/ml), TGF-B;, and -B, (2 ng/ml), and KL-6 (100 and 1000 U/ml) were compared with cells cultured without any cytokines. The
inhibitory effect of KL-6 was the strongest compared with those of bFGF, PDGF-BB, TGF-B;, and -B, (*P < 0.05, Student’s ¢ test). (C,D) The additive
effect of KL-6 (100 U/mi) to bFGF (100 ng/ml), PDGF-BB (20 ng/ml), TGF-f,, and -B, (2 ng/ml) on the proliferation and anti-apoptosis of CCD-11Lu
are demonsirated. KL-6 showed additive effects in both proliferation and anti-apoptosis that were accelerated by bFGF, PDGF-BB, TGF-f;, and -B,.

IPF. KL-6 failed to accelerate proliferation of murine
fibroblasts, suggesting the existence of a species-specific
receptor for KL-6. However, the receptor for KL-6 has
not yet been identified. We have previously demonstrated
that anti-KL-6 mAb counteracts the chemotaxis of KL-6
in human fibroblasts [16]. This result, along with our pres-
ent results showing an inhibitory effect of the anti-KL-6
mAb against the pro-proliferative and anti-apoptotic
effects of KL-6, indicate that KL-6 could be a molecular
target for future treatment of ILD.

In conclusion, we have demonstrated the potent pro-
proliferative and anti-apoptotic effects of KL-6 on human
lung fibroblasts. These findings suggest a novel pathophys-
iological role for KL-6 in IPF, as it stimulates fibrotic pro-
cesses in the alveolar space. In addition, the present results
support our hypothesis that K1-6 is one of the key mole-
cules involved in epithelial-mesenchymal interactions,
and KL-6 appears to be a promising molecular target for
the treatment of ILD.
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Identification of Serum Proteins Related to Adverse Effects
Induced by Docetaxel Infusion from Protein Expression
Profiles of Serum Using SELDI ProteinChip System
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Abstract, Background: For the development of quick and
easy methods  for screening and identifying  treatment-
responsive proteins, we determined the protein expression
profile of the servim after docetaxel infusion using a surface-
enhunced laser desorptionfionization  time-of-flight mass
spectroscopy  (SELDE TOF-MS) system. Muarerials and
Methods: Blood from breast cancer patients was collected
before and 4, 8, 24 and 48 howss after docetaxel infusion, The
pratein expression profile was determined by a SELDE TOF-MS
system. The relative expression levels of target proteins were
compared during the time-course after docetaxel injection.
Results: We identified mvo representative proteins with
molecular weights of 7790 Da and 9285 Da. The 7790 Da
protein was high molecular weight kininogen, and the 9285 Da
protein was apolipoprotein A-Il. These two proteins had
similar expression patterns in 3 parients, except one patient who
experienced severe, acute, adverse effects. Conclusion: These
results suggest that profein expression profiles determined by

SELDI TOF-MS represent useful data for the identification of

treatment-responsive proteins.
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Docetaxel is a key drug used to treat breast cancer, As
docetaxel is hydrophobic, polysorbate 80 and éthanol are
used as solvents. Some patients experience acute adverse
effects, including anaphylactoid reactions, during docetaxel
infusion and may develop shock. Several reports suggest
that these adverse effects are caused by the solvent, which
contains polysorbate 80 (1, 2). However, the mechanisms of
these -adverse effects are unknown, One approach to
determine the mechanisms causing adverse effects is to
analyze the trealment-responsive proteins.

Pharmacokinetics and pharmacodynamics are important
areas of research in clinical pharmacology that analyze drug
metabolism and host responses in order to predict the
response and adverse effects of treatment,

Recently, DNA chip technology, such as DNA
microarrays and cDNA arrays, has been used to predict
responses to treatment. Some promising results have been
reported in studies of irinotecan and other drugs (3-3), and
there is no doubt that this genetic approach could be used
to predict the potential response of a patient to treatment.
However, genetic information alone cannot perfectly predict
responses to treatment, because genes do not act by
themselves. Genes exert their effect through proteins after
transcription and translation. Thus, protein analysis is
important to predict responses to treatment.

Until recently, no ideal tools have been wvailable to
determine protein expression profiles. Although two-
dimensional electrophoresis could be used for this purpose,
it is labor-intensive and is not capable of high-throughput

1197
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analysis. Recent developments in mass spectrometry have
been revolutionary in proteomic research. These new
techniques are highly sensitive and have potential for various
applications. Surface-enhanced laser desorption/ionization
time-of-flight mass spectroscopy (SELDI TOF-MB) can be
used to prodiice protein expression profiles. This system
comprises ProteinChip arrays and time-of-flight mass
spectrometry (TOF-MS). ProteinChip arrays possess varying
chromatographic properties, such as anion exchange, cation
exchange, metal affinity and reverse phase. The combination
of the type of chip array and the washing conditions, such as
the pH or salt concentration in the buffer, allows rapid
analysis of protein profiles with only a small amount of
sample. In the present study, we used the SELDI TOF-MS
system to find docetaxel treatment-responsive proteins,

To select treatment-responsive proteins, if was necessary
to compare the protein expression levels at several time-
points after the treatment. However, no previous studies
have indicated that mass spectrometry can be used for
guantitative analysis of proteins. In the present study, we
conducted a guantitative analysis of the targeted proteins.
After selecting two representative treatment-responsive
proteins, we used SELDI TOF-MS to determine the
conditions for eolumn purification of the proteins. We then
determined the amino acid sequence of the purified
proteins, The relationship between these proteins and
docetaxel-induced shock is discussed, as well as the
usefulness of the present approach in clinical pharmacology
and clinical proteomics.

1198

Table 1.

Research 1D Gender Protocol Acute response
A ; tri-week {(60mep/m?y No

B I tri-week {60mg/m?) No

¢ b tri-week (60mg/m?) No

D F tri-week {60mg/m?) Shock

E ¥ weekly (40mgfm?) No

Materials and Methods

Quanntitative analysis. Various concentrations of trypsin inhibitor
(Sigma-Aldrich, St. Louis, MO, USA) were studied using the SAX-2
chip (Ciphergen Biosystems, Fremont, CA, USA), and the heights
of peaks were compared for the quantitative analysis.

Patients and blood samples. Ten breast cancer patients receiving
docetaxel treatment were enrolled in this experiment, after providing
informed consent in accordance with the guidelines of the National
Shikoku Cancer Center Institutional Review Board, Japan. The
results from 6 representative patients are described in the present
report. Patients receiving docetaxel injections (60 mg/m?) every 3
weeks and patients receiving weekly docetaxel injections (40 mg/m?)
were enrofled in this study. Dexamethasone (8 mg) was used as a
premedication 30 min priov to docelaxel infusion. Docctaxel was
administered as a 30-min infusion for patients on the weekly
schedule and as a 60-min infusion for patients on the 3-week
schedule. After the docetanel infusions, oval dexamethasone (4 mg)
was taken twice daily for one day for patients on the weekly schedule
and for 2 days for patients on the 3-week schedule.

Blood (5 ml) was collected before docetaxel infusion and 4, 8,
24 and 48 h after docetaxel infusion: Serum was prepared quickly
and stored at -80°C until analysis.

Medical information, such as adveérse effects after docetaxel
injection, was obtained from the medical records and entered into
a database in accordance with the privacy policy of our institution.

Protein  expression  profiles. Protein  expression  profiles  were
determined using a SELDI TOF-MS system (Ciphergen Biosystems).
IMAC3 (immobilized metal affinity capture), WCX-2 (weak cation
exchange) and 8AX-2 (strong anion exchange) ProteinChip arrays
were used for analysis. The serum samples were centrifuged at 12,000
rpm using a microcentrifuge (TOMY Tech USA, Fremont, CA,
USA). The supernatant was vigorously mixed with urea buffer (8 M
wrea: 1% CHAPS/PBS, 1:1) for 10 min at 47C and was diluted with
T: volumes of binding buffer (PBS for IMAC3, 50 mM phosphate
buffer (pH 0) for WCX-2 and 50 mM Tris-HCl (pH 8) for SAX-2).

To immoaobilize copper onto the IMACS surface, 5 gl of 530 mM
copper sulfate was loaded, and the chip was shaken for 3 min,
Excess copper was removed under running detonized water, and
the chip was shaken for § min with 10 gl of 50 mM sodium acetate
{pH 4). The chip was rinsed under running deionized water and
was then ready to be used for the analysis step.

The following procedure was used for chip analysis: (i) each spot
was equilibrated with 150 pl of binding buffer twice on a shaker for 3
min, and excess buffer was removed: (i) diluted samples (50 i per
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Figure 2. Expression of 7790 Da protein at different times. (A} Typical response puttern of the 7790 Da protein in patient B, in trace view. (B) Specific
response pattern in patient D, in trace view. (C) Gel view of 5 sumples (Pt A-Pr E). Lane 1, pre-injection; lane 2. 8 h after injection; lane 3, 24 1t after
injection; and lane 4. 48 1t after injection. In patient D, the protein swddenly disappeared and stowly reappeared over a period of days.

spol) were loaded, and the chip was incubated on a shaker for 20 min
at room temperature; (i) the chip was washed 3 times with 130 1 per
spot of binding buffer: (iv) the chip was rinsed with distilled water and
dried; and (v) each spot was treated with 0.5 pl of saturated sinapinic
acid prepared i agueous solution containing 50% acetonitrile and
(.3% trifloroacetic acid. Captured proteins were directly detected
using a PBS 11 ProteinChip Reader (Ciphergen Biosystems),

Screening of docelaxel-responsive proteins. Guantitative analysis of
proteins was performed using Peaks 3.0 software (Cipbergen
Biosystems). Expression levels of the proteins were compared over
the time-course of the experiment. Two representative proteins,
that had similar expression patierns in patients, were selected.

Pratein purification and aming acid sequencing. To determine the
optimal pli and salt concentration of the buffer for purification of
the target proleins, IMAC3, WOX-2 and SAX-2 assays were
performed. The target proteins were fractionated by CM Sepharose
Fast Flow (Amersham Bilosciences, Piscataway, NI USA)Y and
separated by 16% SIS polyacrylamide gel electrophoresis using the
method reported by Schagger and Jagow (6). Electroblotting to

PVDF membrane was performed using a TEFCO clectroblotting

the purified proteins were analyzed according to the Edman method
using 1 Procise 494 HT Protein Sequencing System (Applied
Biosystems, Foster City, CA, USA). Database scarches of the
sequence data were performed using SWISS-PROT.

Results

Quantitative analysis, To confirm that the SELDI TOF-MS
system can be used for quantitative analysis, various
concentrations of trypsin inhibitor were analyzed using the
SAX-2 chip. The peak heights of trypsin inhibitor (molecuiar
weight, approximately 20,000 Da) oceurred in a dose-dependent
manner (Figure 1) with a correlation coefficient ol .99
caleulated by Excel 2000 software. The SELDITOF-MS system
can therefore be used to quantitatively analyze protein profiles,

Patient characteristics and acute reaction related 1e doceraxel
injection. Ten patients were enrolled in the study, and the
data from 6 representative patients are presented in this
report, The background of the patients, injection schedule
and acute reactions recorded in the medical records are

1199
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Figure 3. Gel view of 9285 D protein in 5 patienis. In patient D, expression
of the 9285 Da protein decreased transiently. The expression of this protein
was unchanged in ail other patients. Lane 1, pre-injection; lane 2, 8 h after
injection; lane 3. 24 h after injection; and lane 4, 48 h after injection,

summarized in Table 1. Five of the 6 patients experienced
no severe adverse effects, although slight flushing of the
face was observed in two patients. Only one patient {patient
D) experienced severe, acute, adverse cffects and
experienced signs and symptoms of shock. Severe tlushing
of the face, tachypnea with dyspnea, tachycardia and low
blood pressure were observed in patient D. The docetaxel
injection was stopped immediately and additional
dexamethasone {8 mg) was injected. The patient recovered
from shock, and docetaxel dissolved in simple saline
{without polysorbate 80) was slowly infused. The infusion
was completed without any additional adverse effects.

Protein profiles and docetaxel-responsive  proteins, We
compared serial profiles from the same patients according
to the time-course of the infusion and selected two peaks of
interest. The peaks occurred at 7790 Da and 9285 Da.
Figure 2A shows data from patient B, and Figure 2B shows
data from patient D. Figure 2C shows data from 3 patients
angd indicates that the expression of the 7790 Da protein
disappeared suddenly only in patient D. Patient D, who
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Figure 4. Binding capacity of 7790 Da protein to three different chips. (4)
Invnobilized metal affinity capture using copper (IMAC3-Cu chip, PBS
buffer), (B) weak cation exchange (WCX-2 chip, pH 6 buffer) and (C)
strong anion exchange (SAX-2 chip, pH 8 buffer). The signal obtained

from the WCX-2 chip displayed the highest intensity.
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Figure 5, Captere and elution conditions jor 7790 Da protein. {A) Capture
pH for the 7790 Dua protein using the WCX-2 chip. (B) NaCl concentration
Jor elution of the 7790 Da protein from the WCX-2 chip. (C) NuCl
concentration for purification of the 7790 Da protein by CM sepharose
affinity chromatography. These results stiggest that the best conditions were
PH 6 for capture and 300-400 wmdM NaCl for elution from the WCX-2 ¢hip,
In CM sepharose calumns, buffer at pFf 6 was used as a capture solution,
and the optinad concentration. of NaCl for elution was 400 mM,
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Figure 6. Amine acid sequences of target proieins. (4) Ten aming acids from the NH3 terminal of the 7790 Da protein weve analyzed according to the
Edman method, The sequence was identical to armino acids 438-447 of high molecular weight kininogen. (B} Ten awinio acids frony a fragment of the

9285 Da protein were analvzed after in-gel digestion. The sequence was identical to amine acids 69-78 of apolipoprotein 4-11.

experienced severe adverse effects during docetaxel
injection, displayed a rapid down-regulation of the 7790 Da
protein, but the expression of this protein recovered over
severdl days, Figure 3 shows gel view data of the 9285 Da
protein from the same samples. The expression pattern of
this protein was almost the same as the 7790 Da protein.

Purification of wiget proteins. To establish a procedure to
purify the target proteins, we determined which chip is
preferable to capture the target proteins, and then determined
the optimal pH and salt coneentration in the buffer using
protein arrays. The results revealed that both proteins bound
10 the WCX-2 chip more strongly than to the other two chips
(datza from 7790 Da protein shown in Figure 4).

The capture pH and the NaCl concentration for elution of
the 7790 Da protein were investigated using the WCX-2 chip
{Figure 5). The results indicated that the best conditions were
pH 6 for capture (Figure 5A) and 300-400 mM NaCl for
ehution (Figure 58). We used these conditions in large-scale
purification using CM sepharose column chromatography. We
diluted 11.4 ml of serum to 100 ml with sodium phosphate and
citrate buffer (pf 6) and applied it to a CM sepharose column
(25 cm). After equilibrating with the same buffer, elution was

performed uwsing 300-600 mM NaCl stepwise. The target
protein was eluted under the conditions indicated by the
proteéin chip analysis (Figure SC). After the 300-400 mM NaCl
fraction had been dialyzed and concentrated, the sample was
applicd to SDS PAGE. The band containing the 7790 Da
protein was removed from the gel. The purification procedure
for the 9285 Da protein was determined by almost the same
process, and the protein was purified (data not shown),

Amino acid sequencing of the target proteins. T'o determine
the amino acid sequence of the target proteins, the proteins
were transferred from a gel to PVDF membranes. The
amino acid sequence of the purified protein was determined
according 1o the Edman method. A sequence of 10 amino
acids from the NH3 end of the 7790 Da protein was directly
analyzed and determined to be identical to amino acids 438-
447 of high molecular weight (FIMW) kininogen (Figure
OA). This protein was also analyzed by simple MS and
MSMS system, and was identified as kininogen (Figure 7).
The amino terminal end of the Y285 Da protein was blocked
and could not be analyzed directly. Analysis of the amino
acid sequence was therelore performed after tryptic
digestion, and a 10 amino acid internal sequence from the

1201
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Figure 7. Single MS and MSMS analysis of nvptic in-gel digestion sample. A piece of the gel containing 7790 Da proteins was treated with trypsin and
the digested peptides were analyzed by MS and MSMS systems. Typical signals, which were considered to be fragments of kininogen, were detected.

9285 Da protein was determined. The sequence was identical
to amin acids 69-78 of apolipoprotein A-Tt (Figure 6B).

Biscussion

Widespread expression analysis of DNA became available
with the development of cDNA microarrays. Predictions of
response and adverse effects were recently studied using DNA
microarrays and cDNA expression arrays. However, it is clear
that DNA and mRNA do not work by themselves, because
mRNA must be itranslated into protein. This principle
indicates the importance of protein analysis in post-genome
projects. However, no ideal tool was previously available o
determine protein expression profiles.  Although  two-
dimensional electrophoresis coukd be used in this respect, the
process is labor intensive and incapable of high-throughput
analysis. In addition, two-dimensional electrophoresis requires
skilliul technigques to obtain reproducible data.

Mass spectrometry techniques have recently been used in
the field of protein analysis. Liquid chromatography combined
with TOF-MS offers very high sensitivity. However, this
systern cannot produce protein expression profiles. SELDI
TOF-MS, which was recently devetoped, can determine

protein cxpression profiles from crude samples, such as serum,
urine and other body fluids. SELDI TOF-MS is constructed
with TOF-MS and chip arvays, which have chromatographic
properties on their surface. SELDI TOF-MS can be used (0
quickly develop protein profiles using only 4 small amount of
sample. Several groups have found biological markers such as
tumor markers using this system (7-13).

In the present study, we developed protein expression
profiles from scrum collected before and after docctaxel
injection. We compared the protein expression profiles over
the time-course of the infusion to find docetaxel-responsive
proteins. We determined the amino acid sequences of the
selected proteins. One of the docetaxel-responsive proteing
was HMW kininogen, which s a factor in the kindn/kallikrein
cascade of blood coagulation. This protein suddenly decreased
in patient D, who experienced severe shock during docetaxel
injection. No other patients displayed sudden decreases in this
protein. Cochrane et al reported a relationship between
HMW kininogen and hypotensive shock (14), and Gallimore
reported changes in HMW kininogen during lethal endotoxin
shock (15). These reports suggest that HMW kininogen is &
shock-related protein, although no previous reports have
suggested that HMW kininogen is related to drug-induced
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shock. The other docctaxel-responsive protein that we
detected was apolipoprotein A-I1, which is related 1o lipid and
cholesterol metabolism, To the best of our knowledge, no
previous reports have described an association between
apolipoprotein A-II and shock.

The expression HMW  kininogen and
apolipoprotein A-11in all patients (except for patient D) were
unchanged or were slightly decreased and recovered quickly
without treatment. No severce adverse effects were observed
in these patients, although some experienced slight flushing
of the face. These findings suggest that the homeostatic
mechanisms of the body worked quickly, allowing these
patients to recover from the effects of docetaxel infusion.

The roles of the proteins detected in our study in
docetaxel-induced shock arc unknown. Even if the changes
in these proteins are the result of shock, rather than the
cause of shock, this information may help elucidate the
mechanisms of docetaxel-induced shock and may lead to
measures for prediction of and protection from shock. Our
ultimate goals are to find predictive markers for adverse
effects in order 1o prevent/treat adverse effects, and to find
molecular targets of the response. We have started to screen
other profeins that respond to docetaxel treatment in order
to identify proteins causing adverse effects.

Two noteworthy technical points from our experiments have
not previously been reported. The first point is that we
successfully used SELDI TOF-MS to compare protein
expression levels in crude samples, which is an important step
for screening responsive proteins. Previously, clear evidence
that mass spectrometry can be used for quantitative analysis of
protein from crude samples has been unavailable. Therefore,
the SELDI ProteinChip System may be a key technology for
protein expression analysis, The ProteinChip System can also
perform high-throughput analysis, This technology is very
useful for the discovery of biomarkers, particularly when a
large number of samples need to be analyzed. The second
noteworthy technical point is that we detesmined the
procedure for protein purification in only one day using
SELDI TOF-MS, The purification conditions determined by
SELDI TOF-MS could be applied to large-scale column
chromatography for both proteins. These results indicate that
high-speed purification is possible using SELDI TOF-MS,

In conclusion, we found that the SELDI TOF-MS
ProteinChip System can be used to compare protein
expression levels in protein profiles and 10 quickly purily
target proteins. These two points may lead to breakthroughs
in clinical proteomics and clinical pharmacology.

levels  of
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Summary: Va24" NKT is an innate lymphocyte with potential
antitumor activity. Clinical applications of V24" natural killer (NK)
T cells, which are innate lymphocytes with potential antitumor ac-
tivity, require their in vitro expansion. To avoid the potential dangers
posed to patients by fetal bovine serum (FBS), the authors evaluated
non-FBS culture conditions for the selective and efficient expansion
of human Va24" NKT cells. Mononuclear cells (MNCs) and plasma
from the peripheral blood of normal healthy donors were used before
and after G-CSF mobilization. MNCs and plasma separated from
apheresis products were also used. MNCs were cultured for 12 days
in AIM-V medium containing o-galactosylceramide (a-GalCer)
(100 ng/mL) and IL-2 (100 U/mL) supplemented with FBS, auto-
logous plasma, or autologous serum. The cultured cells were
collected and their surface markers, intracellular cytokines, and
cytotoxicity were evaluated. The highest expansion ratio for Va24*
NKT cells was obtained from G-CSF-mobilized MNCs cultured in
medium containing 5% autologous plasma. Cultures containing
MNCs and autologous plasma obtained before and after G-CSF
mobilization had approximately 350-fold and 2,000-fold expansion
ratios, respectively. These results suggest that G-CSF mobilization
conferred a proliferative advantage to Va24* NKT cells by modifying
the biology of cells and plasma factors. Expanded Va24™ NKT cells
retained their surface antigen expression and production of IFN-y and
exhibited CD1d-independent cytotoxicity against tumor cells. Va24"
NKT cells can be efficiently expanded from G-CSF-mobilized
peripheral blood MNCs in non-FBS culture conditions with a-GalCer
and 1L-2.
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M urine Vald' natural killer (NK) T cells express an
extremely restricted T-cell receptor (TCR) consisting of
a Val4-Ja281 a chain paired mainly with a V8.2 B chain.
Human Va24* NKT cells are similar to murine Va14* NKT
cells, as Va24™ NKT cells have an invariant Va24-JaQ a chain
preferentially paired with a VB 11 chain." a-Galactosylceramide
(a-GalCer) is a specific ligand for human V24" NKT cells and
murine Vo 14* NKT cells.* Both types of NKT cells are activated
by a-GalCer presented by CD1d. After stimulation with a-
GalCer, Va24" NKT cells exhibit CD1d-dependent cytotoxicity
against various types of tumor cells.>” Because CD1d is probably
a class I molecule expressed mainly on antigen-presenting cells
(APCs) such as dendritic cells, macrophages, and B cells, it is
speculated that NKT cells primarily interact with APCs.5% NKT
cells regulate innate tumor immunity by rapidly producing a large
amount of IFN-y and IL-4.4!

The extremely low frequency of Va24™ NKT cells in
human peripheral blood”'"'? is an obstacle for their clinical
application. To overcome this problem, the establishment of an
effective in vitro expansion system for Va24™ NKT cells by
stimulation with a-GalCer has been explored. Significant
expansion was reported in human Va24* VB11% NKT cells cult-
ured with a combination of IL-15, IL-7, IL-2, and a-GalCer."
Up to a 76-fold expansion of human Va24* VB11* NKT cells
was reported after culture with IL-7, IL-15, and o-GalCer-loaded
monocyte-derived dendritic cells.'® Alternative expansion
methods use a combination of IL-2 and IL-15,"° or a-GalCer
and IL-2, with or without APCs.'® Previously, we observed
that Va24* NKT cells could be expanded 350-fold from hu-
man granulocyte-colony stimulating factor (G-CSF)-mobilized
peripheral blood cells, upon stimulation with a-GalCer and
IL-2 for 12 days.'” However, in these culture systems, 10%
fetal bovine serum (FBS) was used in the medium. To remove
the potential risks related to FBS, we developed an efficient
non-FBS expansion system for Va24+ NKT cells.

MATERIALS AND METHODS

Cells, Plasma, and Serum Preparation

Peripheral blood and apheresis products were obtained
from normal healthy individuals who were donating peripheral
blood stem cells for allogeneic transplants. Written informed
consent was obtained from the donors. This study was ap-
proved by our institution. Before and after G-CSF mobiliza-
tion, samples were used immediately and cell fraction and
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plasma were separated by centrifugation. The plasma and
serum were obtained and cryopreserved at —80°C until use.
Plasma and serum samples were heat-inactivated immediately
before use. Mononuclear cells (MNCs) were isolated from
peripheral blood and apheresis products by Ficoll-Hypaque
(Immuno-Biologic Laboratories, Gunma, Japan) density gra-
dient centrifugation. Apheresis plasma was also collected from
the apheresis bags and used after heat inactivation.

G-CSF Procedure for Apheresis Donor

The apheresis was indicated for a healthy donor whose
relative needed peripheral blood stem cell transplantation. This
indication was checked by the clinical team of stem cell
transplantation unit in our hospital. G-CSF was administered
subcutaneously at a dosage of 300 wg/m?® divided twice daily
for 3 days just before the apheresis procedure. On the day of
apheresis, one more dose of G-CSF was administered in the
morning before apheresis.

Expansion of Va24* NKT Cells

MNCs were cultured in six-well culture plates or culture
flasks (Costar, Corning, NY) at 1.0 X 10° cells/mL in medium
supplemented with 100 ng/mL a-GalCer (Kirin Brewery Co,
Tokyo, Japan) and 100 U/mL recombinant human (rh) IL-2
(R&D Systems, Minneapolis, MN) for 12 to 14 days. The en-
vironment for the incubation was under 20% O, and 5% CQO,.
Cells were cultured in AIM-V (Life Technologies, Rockville,
MD) supplemented with 10% FBS (Hyclone, Logan, UT),
10% recombinant human serum albumin (tHSA), 5% or 10%
autologous plasma, or 5% or 10% autologous serum, The rHSA
was kindly provided by Mitsubishi Welpharma Corporation
(Osaka, Japan). Fresh IL-2 was added every 3 days.

Co-Culture and Expansion of Va:24* NKT Cells

To determine whether G-CSF mobilization conferred
any benefits to plasma or cells for the expansion of Va24"
NKT cells, we tested the following culture conditions: (1) pre-
G-CSF peripheral blood mononuclear cells (PBMCs) cultured
in AIM-V with 5% pre-G-CSF plasma; (2) pre-G-CSF PBMCs
cultured in AIM-V with 5% post-G-CSF plasma; (3) post-
G-CSF PBMCs cultured in AIM-V with 5% pre-G-CSF
plasma; and (4) post-G-CSF PBMCs cultured in AIM-V with
5% post-G-CSF plasma. Afier culturing cells with «-GalCer
and IL-2 for 12 days, we quantified the expansion of V24"
NKT cells.

Cell surface Antigen Analysis

We used mouse anti-human mAbs conjugated with
fluorescein isothiocyanate (FITC), phycoerythrin (PE), allo-
phycocyanin (APC), or peridinium chlorophyll (PerCP). CD3-PE,
CD4-PerCP, CD8-PE, CD14-FITC, CD19-PE, CD25 (IL-2 re-
ceptor a chain)-FITC, and CD123 (IL-3 receptor)-PE mAbs
were purchased from BD Biosciences (Mountain View, CA).
Va24-FITC, Va24-PE, VB11-PE, CD124 (IL-4 receptor o
chain)-PE, and CD127 (IL-7 receptor)-PE mAbs were pur-
chased from Immunotech (Marseille, France). CD161-APC,
CD114 (G-CSF receptor)-PE, and CD119 (IFN-y recep-tor
chain)-PE mAbs were purchased from BD Pharmingen (San
Diego, CA). PE-conjugated o-GalCer-CD1d tetramer was
produced in our laboratory'® and used to stain a-GalCer-loaded

© 2005 Lippincott Williams & Wilkins

CDld-reactive Va24* NKT cells. Biotinylated anti-CD1d-mAb,
which was originally produced by Dr. Steven A. Porcelli (Albert
Einstein College of Medicine, Bronx, NY), was a kind gift from
Kirin Brewery Co. The biotinylated mAb was detected using
streptavidin-PerCP (BD Biosciences). For cell surface antigen
staining, cells were incubated with mAbs for 30 minutes on ice.
After staining, cells were washed twice and resuspended in PBS.
Propidium iodide (Sigma-Aldrich, St. Louis, MO) staining
preceded all experiments to remove dead cells. Data were
acquired by flow cytometry (FACSCalibur, BD Biosciences)
and analyzed using CellQuest software (BD Biosciences).

Va24" NKT Cell Separation

After expansion of Va24" NKT cells with a-GalCer and
IL-2 in AIM-V with 5% autologous apheresis plasma for 12
days, cells were stained with Va24-FITC for 20 minutes on ice
and washed twice with 5 mM EDTA-PBS. After being incu-
bated with anti-FITC microbeads (Miltenyi Biotec, Gladbach,
Germany), Va24" NKT cells were sorted by a magnetic cell
separation system (Super MACS; Miltenyi Biotec), according
to the manufacturer’s protocol. After separation, the purity of
isolated Va24" NKT cells was determined to be more than
95% by flow cytometry. After the cells were re-cultured with
100 U/mL IL-2 for an additional 2 days, they were used for
assays of cytotoxic activity against several tumor cell lines.

Intracellular Cytokine Assay

The intracellular cytokine production of cultured cells
was measured by flow cytometry. Cells were activated with
10 ng/mL phorbol 12-myristate 13-acetate (Sigma-Aldrich)
and 1 pg/mL ionomycin (Sigma-Aldrich) for 4 hours at 37°C
in 10 pg/mL Brefeldin A (Sigma-Aldrich) to prevent cytokine
secretion. After activation, cells were stained with Va24
antigens and permeabilized according to the manufacturer’s
protocol (BD Biosciences) for staining with IFN-y-PE or IL-
4-PE mAb (BD Biosciences). At least 30,000 gating events per
sample were acquired by FACSCalibur, and the data were
analyzed using CellQuest software.

Cytotoxicity Assay

The cytotoxicity of isolated Va24™ NKT cells against
tumor cell lines was studied. The following cell lines were
purchased from ATCC: Daudi (B-cell lymphoma), K562
(chronic myelogenous leukemia), and Jurkat (T-cell lymphoma).

Target cells were labeled with 50 wCi sodium [*'Cr]
chromate (NEN Life Science Products, Inc, Boston, MA) per
5 X 10° cells for 1 hour, washed three times, and resuspended
at 1 X 10° cells/mL in medium. Next, 100 mL of effector cells
and 100 mL of 3'Cr-labeled target cells (1 X 10* cells/well)
were added to 96-well round-bottomed plates (Nunc, Roskilde,
Denmark) at effector-to-target (E/T) ratios of 10:1, 3:1, and
1:1. Plates were incubated for 4 hours at 37°C, and °'Cr release
from lysed target cells was measured by a gamma counter. The
percentage of specific °'Cr released in each well was analyzed
using the following formula: specific lysis (%) = (test cpm —
spontaneous cpm)/(total cpm — spontaneous cpm) X 100.
“Test cpm” indicates the counts in experimental cultures of
target cells and effector cells; “spontaneous cpm” indicates
the counts in cultures containing only target cells and medium;
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and “total cpm” indicates the counts obtained by adding 100 mL
of 1 N HCI to target cells to lyse all cells. Data are expressed
as the mean and standard deviation of triplicate cultures.

ELISA

Levels of IL-2, IL-3, IL-4, IL-7, IL-13, IL-15, IFN~y,
and G-CSF in pre-G-CSF peripheral blood plasma and
apheresis plasma were measured by commercial ELISA kits
according to the manufacturers’ protocols. IL.-12 levels were
measured by OptEIA (BD Pharmingen), and the other
cytokine levels were measured by Immunoassay ELISA Kkits
(BioSource, Camarillo, CA).

Statistical Analysis

The Student ¢ test was used to compare groups using the
two-tailed method dealing with dependent samples. P < 0.05
was considered statistically significant. In multiple group
analysis, we adapted Bonferroni adjustment to confirm the
significance of P values.

RESULTS

Efficient Expansion of Va24" NKT Cells in
Autologous Plasma

In this study, Va24* CD3" cells were defined as Va24*
NKT cells. In our preliminary experiments using anti-V11
mAb, we found that expanded Va24* NKT cells fully express
VB11. To search for a suitable non-FBS medium for Va24*
NKT cell expansion, PBMCs were cultured in medium
containing a-GalCer, IL-2, and 10% FBS, 10% rHSA, 5%
autologous plasma or serum, or 10% autologous plasma or
serum for 12 to 14 days. The percentage of cultured Va24*
NKT cells increased by 27-fold in 10% FBS, 2-fold in 10%
rHSA, 342-fold in 10% autologous plasma, 382-fold in 5%
autologous plasma, 315-fold in 10% autologous serum, and
355-fold in 5% autologous serum (n = 5). Representative flow
cytometry data are shown in Figure 1. When cells were
cultured in medium containing 10% FBS, the percentage of
expanded Va24™ NKT cells was substantially lower than when
autologous plasma or autologous serum was used to supplement
medium. In medium containing rHSA, the Va24* NKT cells
were unable to proliferate, whereas CD3" T cells proliferated.
There was no significant difference between Va24™ cell expan-
sion in 5% or 10% autologous plasma or autologous serum.
Additionally, 87% to 95% of Va24* NKT cells reacted to the
a~GalCer-CD1d tetramer after expansion in 5% autologous
plasma. These results suggest that medium containing 5%
autologous plasma is suitable for selective expansion of Va24*
NKT cells with a-GalCer and IL-2 in vitro.

G-CSF Mobilization Augmented Va24" NKT
Cell Expansion

To develop more efficient plasma-based culture con-
ditions for Va24® NKT cells, we collected PBMCs and plasma
before and after G-CSF mobilization (n = 18) and compared
their expansion efficiencies (Table 1). Va24" NKT cells sig-
nificantly expanded to 1,938 (=2,501)-fold in the post-G-CSF
condition compared with 346 (+345)-fold in the pre-G-CSF
condition (P = 0.018). Thus, the Va24™ NKT cell expansion
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was 5.6-times greater in the post-G-CSF condition than in the
pre-G-CSF condition. As the total cell number including all
cell populations was not significantly different between the
two cultures, the addition of a-GalCer in the post-G-CSF
condition appeared to selectively expand Va24™ NKT cells.

Characteristics of G-CSF-Mobilized PBMCs
and Plasma

To elucidate the contributions of G-CSF-mobilized
PBMCs and plasma to Va24" NKT cell expansion, different
combinations of PBMCs and plasma from pre- and post-GCSF
peripheral blood were tested (n = 8) (Fig. 2). Post-G-CSF
plasma enhanced Va24" NKT cell expansion more than pre-
G-CSF plasma. Likewise, more Va24” NKT cell proliferation
occurred in post-G-CSF PBMCs than in pre-G-CSF PBMCs.
The most effective combination was post-G-CSF PBMCs and
post-G-CSF plasma. Exogenous G-CSF did not enhance the
effective expansion of NKT cells (data not shown). These
results suggest that G-CSF mobilization indirectly contributed
to both PBMCs and plasma for the expansion of Va24* NKT
cells.

G-CSF Did Not Increase the Percentage of
Va24* NKT Cells in Peripheral Blood

We compared the percentages of Va24" NKT cells in
peripheral blood before and after G-CSF mobilization (n = 10).
The percentage of Va24” NKT cells in peripheral bloed was
0.128% (=*0.034) and was reduced to 0.082% (=*0.040) by
G-CSF mobilization (P < 0.001), although the absolute number
of Va24" NKT cells was similar in pre- and post-G-CSF
peripheral blood—4.32 (+2.97) counts/pL and 6.03 (£3.41)
counts/pL (P > 0.05), respectively. This means that mobilized
PBMCs contain a high proportion of monocyte, which re-
sulted in decreasing the percentage of Va24" NKT cells
relatively. As the total number of Va24™ NKT cells in
peripheral blood did not change, therefore the Va24" NKT
cells were not mobilized by G-CSF administration.

G-CSF-Induced Changes in Peripheral Blood
Cytokine Concentrations

We measured cytokine concentrations in the plasma of
pre-G-CSF and apheresis products (n = 6) (Fig. 3). The level of
G-CSF increased dramatically after G-CSF administration.
There were significant differences between the levels of three
cytokines (IL-3, IL-7 and IL-13) between apheresis products
and pre-G-CSF plasma. The levels of other cytokines, such as
IL-2, IL-12, IL-15, and IFN-y, which enhance Va24" NKT
cell function, were not changed by G-CSF mobilization. The
concentrations of IL-4 were below the detection limit.

Expression of Cytokine Receptors on T Cells
and NKT Cells After G-CSF Mobilization

We evaluated the expression of cytokine receptors for
IL-2, IL-3, IL-4, IL-7, G-CSF, and IFN-y on CD3" T cells and
Va24* NKT cells in pre- and post-G-CSF PBMCs (n = 5)
(Fig. 4). The expression levels of IL-3, IL-7, and IL-4 receptor
(which has IL-13 common receptor'”) on CD3* T cells and
Va24" NKT cells were not affected by G-CSF mobilization,
although the corresponding cytokine levels (IL-3, IL-7, and

© 2005 Lippincott Williams & Wilkins
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FIGURE 1. Differences in Va24" NKT cell expansion according to the type of supplemented protein. PBMCs from normal healthy
donors were cultured for 12 to 14 days with «-GalCer and IL-2 in the presence of 10% FBS, 10% rHSA, 5% or 10% autologous
plasma, or 5% or 10% autologous serum. Vo24* CD3* cells were defined as Va24* NKT cells. Va24* CD1d-a-GalCer tetrarmer-
positive NKT cells were also stained, and the percentage of the gated population is shown. These flow cytometry results are

representative of five independent experiments.

IL-13) were increased by G-CSF mobilization. The IL-7
receptor was expressed on most Va24" NKT cells, although
some CD3* T cells showed downregulation of the IL-7 recep-
tor after G-CSF mobilization. There was no obvious tendency
for G-CSF mobilization to enhance the expression level of the
G-CSF receptor or the « chain of the IL-2 receptor on both
CD3" T cells and Va24" NKT cells. Interestingly, only the o
chain of the IFN-y receptor increased after G-CSF mobiliza-
tion with a significant difference (P = 0.009), and this increase
occurred on Va24" NKT cells but not on CD3" T cells.

Cell Populations

Table 2 shows mean values and standard deviations for
the cell kinetics of apheresis MNCs cultured with autologous
apheresis plasma (n = 11). The apheresis procedure did not
affect the percentage of Va24® NKT cells. On day 0, Va24*
NKT cells represented only 0.10% (= 0.06) of apheresis
MNCs, and the CD4" to CD8" T-cell ratio was more than 1.0.
Monocytes accounted for approximately 30% of MNCs at
day 0, which was substantially higher than the percentage of
monocytes (2.7-7.9%) in pre-G-CSF PBMCs. When stimu-
lated with «-GalCer, V24" NKT cells propagated linearly

TABLE 1. Comparison of Expansion Efficiencies
Va24" NKT Cells

Whole Cells
Day 0 Day 12-14 Expansion Day 12-14
(%) (%) Fold (expansion fold)
Pre-G-CSF  0.19 10.45 = 853 X345.96 x 345 X5.33
Post-G-CSF  0.11 21.97 = 11.70* X1,938.11 = 2,50t* X4.62

*P < 0.05.

© 20035 Lippincott Williams & Wilkins

until day 14. CD8" T cells expanded to become the pre-
dominant T-cell population, changing the CD4" to CD8" T-cell
ratio to less than 1.0. B cells and monocytes almost com-
pletely disappeared by day 14 (2.33% and 0.16%, respectively).
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* P<0.05 both in t-test and Bonferoni adjustment,
** P<0.05 in t-test but not Bonferoni adjustment

FIGURE 2. Differences in Va24* NKT cell expansion influenced
by a combination of PBMCs and plasma. The expansion of
Va24* NKT cells was analyzed in several co-culture combina-
tions of PBMCs and 5% plasma before and after G-CSF
mobilization. Cells were cultured for 14 days in the presence of
a-GalCer and IL-2. Values are the mean and standard deviation
of the Va24* NKT cell expansion fold. Samples were obtained
from the same donor (n = 8), and the following co-culture
conditions were examined: (1) pre-G-CSF PBMCs and pre-G-
CSF plasma (pre-pre); (2) pre-G-CSF PBMCs and post-G-CSF
plasma (pre-post); (3) post-G-CSF PBMCs and pre-G-CSF plasma
(post-pre); and (4) post-G-CSF PBMCs and post-G-CSF plasma
(post-post). *P < 0.05. P values were determined using the
Student ¢ test and Bonferroni adjustment.
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FIGURE 3. Cytokine levels in plasma. Cytokine levels in
peripheral blood were measured by ELISA before G-CSF
mobilization and in apheresis products from the same normal
healthy donors (n = 6). IL-2 levels are plotted in U/mL; all other
cytokine levels are plotted in pg/mL. Results are shown as mean
values with standard deviations. *P < 0.05 vs. pre-G-CSF
peripheral blood and apheresis product.

NK cells were also remarkably reduced after day 7, although
they grew rapidly in the first 7 days of culture.

Cytokine Production

We measured IFN-y and IL-4 production in apheresis
MNCs (n = 10) that were cultured with or without a-GalCer
for 14 days. Representative flow cytometry data are shown in
Figure 5. The percentage of IFN-y-producing MNCs was
58.7 % 13.9% when cultured with a-GalCer and 44.8 *
15.6% when cultured without a-GalCer. The percentage of
IL-4-producing MNCs was 8.6 = 8.5% when cultured with
a-GalCer and 5.0 *+ 2.9% when cultured without a-GalCer.
When cultured with a-GalCer, 75.7 £ 12.2% of Va24* NKT
cells produced IFN-y and 16.2 = 10.5% produced IL-4. In
the comparison of IFN-y and IL-4 produced by Va24" NKT
cells, IFN-+y was significantly dominant (P = 0.023).

Cytotoxicity Assays

Three tumor cell lines were used as target cells in the
cytotoxic assay. CD1d expression on the target tumor cells was
evaluated using CD1d mAb. CD1d was expressed on 87% of
Jurkat cells and 13% of Daudi cells. K-562 did not express
CD1d. Va24" NKT cells purified from MNCs stimulated with
a-GalCer mediated strong cytotoxic effects against all of these
hematologic cell lines (Fig. 6). The cytotoxicities were un-
related to CD1d expression on the target cells.

DISCUSSION

NKT cells help regulate a variety of immune responses,
including the immune responses associated with autoimmune
diseases,”® including inflammatory bowel disease,?’ graft-versus-
host disease,” and tumor rejection.”® Two main strategies have
been devised to use the specific ligand for NKT cells, a-GalCer,
in therapeutic settings: the in vivo use of a-GalCer to enhance an
immune response and the ex vivo use of a-GalCer to expand
NKT cells for adoptive transfer. When the former approach was
tested in patients with various solid tumors,** there were short-
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term elevations in IL-12 and GM-CSF levels and NK cell activity,
and a slight elevation in serum IFN-y and IL-4 levels occurred in
some patients. Interestingly, the NKT cells disappeared from
peripheral blood within 24 hours of a-GalCer injection. Although
no adverse events were associated with this approach, no
therapeutic benefits were apparent either. In murine models, high
doses of a-GalCer showed significant liver toxicity.®

Nieda et al'® studied the alternative approach of the
infusion of a-GalCer-pulsed dendritic cells. They reported
a transient decrease in the number of Va24" VB117 NKT cells
in the peripheral blood within 48 hours of the infusion. This
transient decrease was followed by significant increases in
Va24* VB11* NKT cells and the serum levels of IFN-y and
IL-12, in addition to the activation of NK cells and T cells. No
significant adverse events were reported in a clinical trial of
this approach.?¢

The clinical use of Va24" NKT cells requires the
development of a highly effective expansion method for
Va24" NKT cells ex vivo. Previous reports of ex vivo cell
expansion for clinical applications have focused on T cells,?”*®
NK cells,?® or dendritic cells®® rather than NKT cells. A few
reports have found that the expansion of human NKT cells
from steady-state peripheral blood cells or cord blood cells can
be mediated by a-GalCer and several cytokines.!*-'® However,
the expansion ratios of these NKT cells were limited. Our
previous study showed that G-CSF-mobilized peripheral blood
cells, whether from normal donors or cancer patients, had
a significantly higher expansion potential for Va24" NKT
cells in a combination culture of a-GalCer and IL-2.'” These
results provide a realistic rationale for performing adoptive
transfer of a-GalCer-expanded Va24™ NKT cells in combi-
nation with high-dose chemotherapy and G-CSF treatment or
in combination with autologous or allogeneic hematopoietic
stem cell transplantation including G-CSF mobilization.
Nevertheless, these approaches are seriously limited by the
use of FBS, and the development of a non-FBS culture system
is critical.

In the present study, we tested a culture system that uses

~ autologous plasma for the expansion of Va24™ NKT cells in

the presence of a-GalCer and IL-2. We also evaluated the
sustained usefulness of G-CSF-mobilized specimens. We found
that autologous serum and autologous plasma had greater
capacities to expand Va24" NKT cells than did FBS and
rHSA. Indeed, there was no significant difference between
Va24* NKT cell expansion in 5% or 10% autologous plasma
or autologous serum. However, the percentage of Va24™ cells
in culture medium was the highest and 87% to 95% of Va24*
NKT cells reacted to the a-GalCer-CD1d tetramer after ex-
pansion in 5% autologous plasma. Additionally, plasma can
easily be obtained in the process of PBMC preparation from
peripheral blood samples and in the process of apheresis.
Thus, we selected plasma as a medium supplement. We also
found that G-CSF-mobilized PBMCs and G-CSF-mobilized
plasma, which were used instead of steady-state PBMCs
and plasma, yielded the highest expansion ratio for Va24®
NKT cells. When we comparatively analyzed cells and plasma
before and after G-CSF mobilization, we found that both
G-CSF-mobilized PBMCs and G-CSF-mobilized plasma had
the capability to support expansion of Va24™ NKT cells (see
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FIGURE 4. Cytokine receptor expres-
sion. Changes in the cytokine re-
ceptor expression of CD3* T cells and
Va24* NKT cells in peripheral blood
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Fig. 2). In the clinical setting, we plan to use mobilized
PBMCs and apheresis product derived from cancer patients in
the autologous setting or derived from a healthy donor in
the allogeneic setting. The clinical application of ex vivo

TABLE 2. Cell Kinetics of Apheresis MNCs Cultural with
Autologous Apheresis Plasma

Cell Population Day 0 Day 7 Day 14
Va24" CD3" (NKT) 0.10 £ 0.06 1290 = 15.15 21.77 * 21.68
CD3~ CD161" (NK) 341 208 2603 * 1547 879 =685
CDI161~ V24~ CD4"

(CD4 T) 18.57 £ 7.5 18.07 = 7.02 1691 * 12.28
CDI61” Va24~ CD8*

(CD8 T) 1242 = 342 2671 = 1228 23.69 + 12.20
CDI19" (B cell) 7.40 = 4.30 5.62 = 3.27 233 206
CD14" (monocyte) 2939 = 1558 0.93 = 1.12 0.16 = 0.16

Data are given as percentages + SD.
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expanded NKT cells has a possibility of wide modification,
including combination therapy with stem cell transplantation.

Contrary to our expectations, our flow cytometry data
revealed that the percentage of Va24* NKT cells in vivo
decreased after G-CSF mobilization. As the absolute number
of Va24" NKT cells did not change by G-CSF mobilization,
the decreased percentage of it was caused by the increment of
other cell populations after G-CSF mobilization. That means
that G-CSF does not mobilize Va24" NKT cells directly. Also,
ex vivo supplementation of G-CSF did not enhance the expan-
sion of V24" NKT cells (data not shown), which suggests an
indirect contribution of G-CSF in the expansion of NKT cells,
contrary to a previous report.?' On the other hand, the post-
G-CSF PBMC:s (see Table 2) and apheresis products contained
a high percentage of monocytes, which include APCs capable
of presenting a-GalCer. This observation indicates that
the number of CD1d-expressing PBMCs also increased after
G-CSF mobilization and might be one factor responsible for
the significant expansion of Va24" NKT cells in post-G-CSF
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FEGURE 5. Intracellular cytokines in cultured Va24* NKT cells. Intracellular IFN-y and I1L-4 were stained in whole cells after culture
with or without a-GalCer. Cells were activated with phorbol 12-myristate 13-acetate and ionomycin for 4 hours, Representative
data from 1 of 10 independent experiments are presented. *P < 0.05, difference between the production of IFN-y and IL-4,

Student i test.

PBMCs. We previously reported that cell-to-cell contact with
CD14" cells was needed for the expansion of NKT cells.'”

The plasma collected after G-CSF mobilization also had
an enhanced capacity for Va24" NKT cell expansion. IL-2,
IL-7, IL-12, 1IL-15, IL-18, and IFN-y directly induce prolif-
eration and activation of NKT cells.'*'*323 However, none of
these cytokines, with the exception of IL-7, was increased in
the plasma of G-CSF-mobilized peripheral blood. When
Va24" NKT cells were cultured with a-GalCer and increased
levels of cytokines (IL-3, IL-7, IL-13, and G-CSF) in medium
containing pre-G-CSF plasma, the expansion efficiency of
Va24" NKT cells was not enhanced to the level achieved with
post-G-CSF plasma (data not shown). These results suggest
that IL-3, IL-7, IL-13, and G-CSF do not directly contribute
to the proliferation of Va24" NKT cells. The identification of
these unknown factors in post-G-CSF plasma, which promote
the proliferation of Va24"™ NKT cells, would increase the
effectiveness of Va24™ NKT cell expansion.

To determine whether the characteristics of cells were
changed by G-CSF mobilization, we evaluated the expression
of several cytokine receptors on CD3" T cells and Va24™ NKT
cells isolated from peripheral blood before and after G-CSF
mobilization. A significant increase was observed in the

FIGURE 6. Cytotoxicity of purified

expression of the IFN-y receptor a chain on Va24* NKT cells
after G-CSF mobilization (P = 0.009). This increased a-chain
expression may be partially responsible for the proliferative
advantage of Va24" NKT cells after G-CSF mobilization.
However, the variability of response between individuals is
essential issue, especially in the evaluation of receptor inten-
sity. This variation suggests that the ex vivo expansion of NKT
cells is controlled by mutual change, which exists in cellular
and humoral factor.

We found that expanded Va24" NKT cells predomi-
nantly produced IFN-y. The expanded Va24" NKT cells ex-
hibited augmented cytotoxicity against CD1d" tumor cell lines
(Daudi and Jurkat) as well as CD1d" tumor cell line (K562). In
CD1d-blocking experiments, we found that expanded Va24"
NKT cells mediated cytotoxic activity against CD1d-blocked
Jurkat cells that was comparable to the cytotoxic activity
against CD1d-unblocked Jurkat cells (data not shown). Thus,
the expanded Va24" NKT cells yielded lytic activity against
tumor cells in a CDld-independent manner. Although the
mechanism of CD1d-related cytotoxicity mediated by V24"
NKT cells has not been clarified, other recent studies of NKT
cells suggest that CD1d expression on the target tumor cells is
not essential for cytotoxicity.>*¢ The Va24" NKT cells

CD1d expression

Va24* NKT cells after culture. Va24*
NKT  cell-mediated  cytotoxicity
against tumor cells was measured
with effector-to-target ratios of 10:1,
3:1, and 1:1. Cell lines were classified
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