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Figure 7. Modest inverse cotrelation between the
s population size of CD4*CXCR3* T cells and plasma

Lymphooyies: %CD4-CXCRY

CXCL10 levels in MMs. (A) Plasma concentration
of CXCL10/IP10 from HDs (n = 10), PPs (n = 8),
and MMs (n = 8). The box plot is presented as
described in Figure 3. Correlations between the
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percentage of CD4*CXCR3* T cells in gated lym-
phocytes and plasma concentration of CXCL10/
P10 from HDs (B), PPs (C), and MMs (D) were
analyzed using Spearman'’s rank correlation test.
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duction. These results suggest that CD4* T cells from MMs
already possess a reduced capacity to produce IFN-y, which is
important for activation of antitumor immune function due to
long-term asbestos exposure and the presence of tumor. A
correlation test showed that mRNA levels of IFN-y in PPs
tended to increase in stimulated CD4% T cells with decreasing
surface CXCR3 expression levels, although mRNA levels of
IFN-v in HDs were positively correlated with CXCR3 expres-
sion. Given that asbestos exposure is partially associated with
autoimmune responses (43), asbestos exposure in PPs might
change the character of CD4* T cells to enhance antitumor
immune fonction, and IFN-y mRNA expression might not be
suppressed in patients with PP who do not have MM.
Alternatively, the producible capacities of IL-6 in stimulated
CD4* T cells tended to be higher in PPs and MMs compared
with HDs, suggesting that asbestos exposure enhances inflam-
matory cytokine producibility in CD4+ T cells. We showed
previously that the plasma concentration of IL-6 in MM was
higher than that of HDs and PPs (44). Given that the levels of
plasma IL-6 were not high in PPs, it seems that plasma IL-6 in
MDMs is mainly derived from mesothelioma cells (45-47). Fur-
thermore, IL-6 inhibits Thi-cell differentiation and promotes
Th2-cell differentiation (48). Thus, plasma TL-6 might induce
decreased IFN-y mRNA expression and increased IL-4 pro-
duction in stimulated CD4" T cells from MMs. On the other
hand, although there were no significant differences in IL-10 and
IL-17A production under these experimental conditions, there
are several reports regarding the relationship between IL-10/IL-
17 and cancer status, which indicates that IL-10 may suppress
antitumor immune function and that IL-17 may promote
inflammation in cancer (49, 50). Future studies should therefore
investigate the pathophysiological roles of IL-10 and IL-17 in
asbestos-exposed patients such as those with PPs or MMs.
Finally, we found that the plasma concentration of CXCL 10/
IP10 tended to be higher for PPs and MMs than HDs. Fur-
thermore, there tended to be an inverse correlation between
the population of CD4*CXCR3* T cells in lymphocytes and
the plasma concentration of CXCL10/IP10 in MMs but not in
HDs or PPs. These results indicated that antitumor immune
function in MMs may be impaired after reduction of CD4+
CXCR3* T cells in lymphocytes because CXCL10/IP10 from
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monocyies, endothelial cells, fibroblasts, mesothelial cells,
and mesothelioma in the region of existing tethered asbestos
and a cancerous lesion attracts antiinflammatory or antitumor

° T cells.

In conclusion, this study revealed that reduction of CXCR3
expression in human peripheral CD4% T cells occurred after
chronic exposure fo chrysotile. This finding suggests that anti-
tumor immunity might not function normally in patients with
asbestos-related disease because the low expression of CXCR3
induces depressed chemotaxis, Additionally, it seems that TFN-y
expression is inhibited by the occurrence of mesothelioma rather
than asbestos exposure, and the weak production of IFN~y leads
to suppression of antitumor activity. Further research of chemo-
kine-mediated migration dependent on CXCR3 expression is
required to determine the mechanism of immune dysfunction via
chemokine receptors after exposure to asbestos and to investigate
the use of the chemokine receptor CXCRS3 as a key molecule in
immunotherapy strategies for asbestos-related disease. In addi-
tion, these molecules may be effective tools for the detection of
asbestos exposure, considering our previous findings of enhanced
Bel-2 expression in CD4™ T cells from MMs (16) and higher
plasma concentration of 11-6, IL-10, and TGF-§ (44). For
example, higher plasma IL-10 and TGF-B with lower INF-y
expression may be interpreted as an enhanced regulatory T-cell
activity overcoming antitumor T-cell activity in MMs.

Further studies regarding the size and function of regula-
tory T cells in MMs and the in vifro model using the cell line
should be performed to better understand immunological
status among asbestos-exposed patients with or without me-
sothelioma. Moreover, a device to evaluate fotal antitumor
activities in these patients using the degree of reduced expression
in CD4™* T cells of an NK cell-activating surface receptor such
as NKp46, including CXCR3 and IFPN-y expression, may assist
in the diagnosis of MMs and reveal good prognostic factors for
these patients.
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Reduction of CXC Chemokine Receptor 3 in an In Vitro
Model of Continuous Exposure to Asbestos in a Human

T-Cell Line, MT-2
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Because patients with silicosis who are chronically exposed to silica
particles develop not only pulmonary fibrosis, but also complications
involving autoimmune diseases such as rheumatoid arthritis and
systemic sclerosis, exposure to ashesios may affect the human
immune system. This immunologic effect may impair antitumor
immune function because cancer complications such as lung cancer
and malignant mesothelioma are found in patients exposed io
ashestos. To elucidate the antitumor immune status caused by
€D4* T cells exposed to asbestos, an in vitro T-cell model of long-
term and low-level exposure o chrysotile asbestos was established
from a human adult T-cell leukemia virus-1-Immortalized human
polycional T cell line, MT-2, and the resuliing six sublines showed
resistance to asbestos-induced apoptosis after more than 8 months
of continuous exposure. The results of DNA microarray analysis
showed that the expression of 139 genes was altered by long-term
and low-level exposure to ashestos, and the profile was almost
similar among the six sublines when compared with the original
MT-2 cells that had never been exposed to asbestos. Pathway and
network analysis indicated a down-regulation of IFN-y signaling and
expression of CXC chemokine receptor 3 (CXCR3) in the sublines,
whereas ELISA and flow cytometry analysis demonstrated a reduc-
tion in Thi-related IFN-y production and celi-surface CACR3 expres-
sion. These findings suggest that chronic exposure to asbestos may
reduce antitumor immune status in CD4* T cells, and that an in viiro
T-cell model may be useful in ideniifying molecules related to the
impairment of antitumor immune function.

Keywords: asbestos; malignant mesothelioma; CXCR3; IFN-y

Exposure to asbestos (i.e., chrysotile, crocidolite, or amosite)
leads to the development of asbestos-related diseases such as
asbestos-related pleural plaque (PP) and malignant mesotheli-
oma (MM) (1-3). Both diseases arise from exposure to asbestos,
but MM has a poor prognosis, whereas PP is benign. Given that
asbestos-related MM possesses a latency period ranging from
20-50 years, the peak of annual deaths from these diseases is
predicted to oceur around 2030 in Japan (4). Many investiga-
tions sought to elucidate the mechanisms underlying these
diseases, and reports show that asbestos induces DNA damage
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and apoptosis in alveolar epithelial and mesothelial cells
through a process mediated by reactive oxygen and nitrogen
species of the mitochondrial dysfunction pathway (5-10).

MM is caused by exposure to asbestos, including conditions
of long-term and low-level exposure. We reported that exposure
to asbestos decreases the cytotoxicity of human natural killer
(NK) cells, and that the cytotoxicity of NK cells is impaired in
patients with MM (11, 12), suggesting that long-term and low-
level exposures to asbestos may lead to a reduction of anti-
tumor immune function. On the other hand, we showed that
high-level exposures to asbestos induced the apoptosis of CD4+
T cells in peripheral blood mononuclear cells in virro because of
activation-induced cell death (13, 14). Therefore, in an effort to
determine whether long-term and low-level exposures of human
immune cells to asbestos can induce a reduction in antitumor
immune function, we developed an in vifro experimental model
of chronic exposure to asbestos (chrysotile), using a human T-
cell leukemia virus type~1 (HTLV-1)-immortalized human poly-
clonal T-cell line, MT-2 (15, 16), and we successfully established
an asbestos-induced, apoptosis-resistant subline (MT-ZRst) (17).
Because the original MT-2 cells (MT-20rg) constitute an HTLV-
1-immortalized cell line, this line can continue to divide for many
generations. In previous studies, we showed that long-term and
low-level exposures to chrysotile induced an up-regulation of Src-
family kinase-mediated IL-10 production, with a subsequent
activation of the signal transducer and activator of transcription
3 (STAT3), and an overexpression of the antiapoptotic protein
Bel-2, located downstream from STAT3 (17). In addition, shori-
term and high-level exposures to chrysotile promoted the pro-
duction of reactive oxygen species (ROS) and triggered apoptosis
via a caspase-dependent mitochondrial pathway in the original
MT-2 cells (MT-20rg) (18). These mechanisms are summarized
in Figure 1.

We found that patients with MM manifest a high expression
of Bel-2 in peripheral CD4™ T cells (17), a high level of IL-10 and
transforming growth factor (TGF)-B1 in plasma, and the multiple
overrepresentation of the T-cell receptor VB in peripheral CD3+
T cells (19, 20). Therefore, an analysis of the immunologic effects
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of asbestos on experimental T-cell models may help explain the
reduced antitumor immune function in patients with MM.

Here, we investigated differences in gene expression between
MT-20rg and six independent asbestos-induced, apoptosis-resistant
sublines (MT-2Rsts) in an effort to identify genes altered by long-
term and low-dose exposures to asbestos in T cells. Because three
of the sublines were exposed to chrysotile-A (CA) and the other
three were exposed to chrysotile-B (CB), they are designated as
MT-2CA1-3 and MT-2CB1-3 (the initial MT-2Rst was CB1),
respectively. Using these in vitro models of low-level and contin-
uous exposure to asbestos, we found a down-regulation of Thi-
type molecules such as CXC chemokine receptor 3 {(CXCR3),
chemokine (C-X-C motif) ligand 10 (CXCLI10YIFN-y-induced
protein 10 kD (IP10), and TFN-y in MT-2Rsts cells.

These findings may useful in detecting patients exposed to
asbestos, in identifying prognostic factors, and in designing
therapeutic devices to prevent the reduction of antitumor immune
function found in immunocompetent cells exposed to asbestos.

MATERIALS AND METHODS

Cell Lines and Asbestos

MT-20rg and MT-2Rsts cells were passaged many times in RPMI-1640
medium supplemented with 10% FBS, streptomycin, and penicillin at
37°C, and maintained in a humidified atmosphere of 5% CO,. The
International Union against Cancer standard CA and CB were kindly
provided by the Department of Occupational Health at the MNational
Institute for Occupational Health of South Africa (21). Chrysotile
asbestos is composed of Mg;$i,0s(OH)4. CA from Zimbabwe contains
2% fibrous anthophyllite, although CB from Canada does not contain
any fibrous impurities.

Real-Time RT-PCR

Real-time RT-PCR was performed using the SYBER Green method
(TaKaRa, Shiga, Japan) with the Mx3000P QPCR System (Agilent
Technologies, Inc., Santa Clara, CA), as previously described (17), to
amplify CX.CR3, chemokine (C-C motif) ligand 4 (CCL4)/macrophage
inflammatory protein-18 (Mip-18), and CC chemokine receptor 5
{CCR5). We used the primers CXCR3 forward (ACACCTTCCTG
CTCCACCTA), CXCR3 reverse (GTTCAGGTAGCGGTCAAAGC),
CCL4MIP-1B forward (GAAAACCTCTTTGCCACCAA), CCL4/MI

BeloZ upreguiation

Resistant (o asbesto

Lowelevel and confinuous exposwre (OB

1-10 recepior

Figure 1. Schematic representation of
molecular mechanism leading to resis-
tance of MT-2Rst cells to asbestos-induced
apoptosis. MT-2Rst cells continuously ex-
posed to low-level chrysotile-B (CB) for
more than 8 months showed resistance
against asbestos-induced apoptosis, ac-
companied by the up-regulation of Src-
family kinases, 1L-10, signal transducer and
activator of transcription 3 (STAT3), and
Bcl-2, as previously reported (17, 18).
; HTLV-1, human T-cell leukemia virus
| type=1; JNK, cun N-terminal kinase;
; MAPK, mitogen-activated protein kinase.

induced apoplosis

P-1B reverse (TCACTGGGATCAGCACAGAC), CCR5 forward
(TAGTCATCTITGGGGCTGGTC), and CCRS reverse (TGTAGGGA
GCCCAGAAGAGA).

Flow Cytometry

Cells were stained with fluorescent conjugated antibodies for 30 minutes
at 4°C. After washing with PBS, cells were analyzed on a flow cytometer
(FACSCalibur; BD Biosciences, Franklin Lakes, NT). The antibody used
in this study was CXCR3-PE (clone 1C6; BD Biosciences Pharmingen,
San Diego, CA).

ELISA

MT-201g and MT-2Rsts cells (1 X 10°%ml) were cultured in 24-well
plaies for 72 hours. The culture supernatants were then collected and
assessed for the production of IFN-y and CXCL10/IP10 by immunoas-
say, using Quantikine ELISA kits (R&D Systems, Minneapolis, MN).

DNA Microarray Analysis

Total RNA was isolated using the RNeasy Mini Kit (Qiagen GmbH,
Hilden, Germany), and the quality of the RNA was assessed by
examining the integrity of ribosomal RINA peaks, using an Agilent
2100 Bioanalyzer (Agilent Technologies, Inc.). Purified RNA (0.5 pg)
was reverse transcribed using moloney murine leukemia virus reverse
transcriptase (Agilent Technologies, Inc.) and a T7-oligo(-dT) promoter
primer. After synthesis of the ¢cDNA second stvand, this product was
employed to generate labeled complementary RINA (cRNA), using T7
RINA polymerase with cyanine 3-cytidine triphosphate (Low RN A Input
Fluorescent Linear Amplification Kit; Agilent Technologies, Inc.).
Labeled cRNA (1.5 ug) was then fragmented and hybridized to a 60-
mer oligonucleotide microarray containing approximately 41,000 human
genes (Human Whole Genoine Oligo Microarray; Agilent Technologies,
Inc.) for 17 hours at 65°C. After washing, the array was scanned using an
Agilent DNA microarray scanner.

Data analysis was performed using Genespring (Agilent Technol-
ogies, Inc.). For statistical evaluation, expression profiles were normal-
ized for the MT-20rg cell expression ratio to unity. After the removal
of saturated and low-signal genes, genes that were twofold up-
regulated or down-regulated in MT-2Rsts cells compared with MT-
20rg cells were listed. The resultant signal information was analyzed
using the Student ¢ test (P < 0.05), and was clustered based on corre-
lation coefficients. The resulting sets of differentially expressed genes
were examined by pathway and network analysis, using the MetaCore
Analytical Suite (http://www.genego.com; GeneGo, St. Joseph, MI).
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Figure 2. Original MT-2 (MT-20rg) cells acquire resistance to chrysotile-induced apoptosis by long-term and low-level exposures to chrysotile. (4)
MT-20rg (Org) cells (1 % 105/2 ml) were cultured in the absence or presence of 1, 2, 5, or 10 pg/cm? chrysotile-A (CA) (top) or CB (botiom) in
a 35-mm dish for 2 or 4 days. The number of viable cells was determined using the trypan blue dye exclusion test. (8, C) MT-20rg and MT-2Rsts
(CA1, CA2, CA3, CB1, CB2, and CB3) cells (1 X 105/ml) were cultured in the absence or presence of 5, 12.5, or 25 pg/cm? CA or CB in 24-well
plates. After 24 hours, apoptotic cells were detected by staining with Annexin V-FITC and propidium iodide, and stained cells were analyzed using
FACS (FACS profiles shown in B). Region 1 (R1) represents viable cells (Annexin V-/PI-). Region 2 (R2) contains early apoptotic cells (Annexin
V+/Pl-). Region 3 (R3) includes late apopiotic cells (Annexin V+/Pl+). (C) Percentages of apoptotic cells. Open bars and gray bars show (R2/(R1 +
RZ + R3)) and ((R2 + R3)/(R1 + R2 + R3)), respectively. Data shown are the mean = SD of three independent experiments. P values were

obtained using Dunnett’s test. *P < 0.01. **P < 0.05.

Statistical Analysis

Dunneti’s test was performed to determine statistical differences
beiween each experimental group and the conirol group.

RESULTS

Establishment of Six MT-2Rsts Cells (CAT-3 and CB1-3)

As we reported previously (17, 18), we initially established CB1
cells. Therefore, the other five independent MT-2Rsts cells
continuously exposed to CA or CB were established according
to a similar method. As shown in Figure 2A, the growth of MT-
20rg cells was inhibited in a dose-dependent manner by
culturing with CA or CB. This growth inhibition was confirmed
by the appearance of apoptosis, as reported previously (17, 18),
and as demenstrated in Figores 2B and 2C. All cultures for the
establishment of MT-2Rsts cells were initiated in the presence
of 2 pglem? CA or CB, at which stage the proliferation of MT-
20rg cells was inhibited by half (Figure 2A). After 8-12 months
of culture with CA or CB, MT-2Rsts cells began to exhibit
a reduced apoptotic fraction when these cells were cultured
with various concentrations of CA or CB (Figure 2C). Thus,
we determined that six MT-2Rsts cells representing the
acquisition of resistance to asbestos-induced apoptosis had
been established, and these cells were designated CA1-3 and
CB1-3. In this study, to identify those genes involved in the
reduction of antitumor immune functions induced by exposure

to asbestos, we used these six MT-2Rsts cells for DNA micro-
array analysis.

Gene Expression in MT-2Rsts Cells Altered by Chronic
Exposure to Chrysotile

To examine alterations in gene expression by chronic exposure
to chrysotile, DINA microarray analysis was performed with
MT-20rg and MT-2Rsts cells. As listed in Table 1, the
expression of 139 genes was aliered (84 were up-regulated,
and 55 were down-regulated) significantly (greater than twofold
changes), and most were categorized in cellular components,
biological processes, and molecular function groups by gene
ontology analysis (data not shown). As shown in Figure 3,
clustering analysis using these 139 genes revealed that the gene
expression pattern was obviously different between MT-20rg
and MT-2Rsts cells, and gene expression patterns were similar
among all six MT-2Rsts cells, although small differences were
evident. These results indicated that the changes in gene
expression of MT-20rg cells are similarly induced by chronic
exposure to CA and CB, suggesting that MT-2Rsts cells would
be useful in further analyzing the immunologic effects of
chrysotile asbestos.

Pathway and Network Analysis Using the MetaCore System

In an effort to identify genes related to the suppression of
antitumor immunity among the 139 genes identified, expression
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TABLE 1. GENES WITH AT LEAST A TWOFOLD DIFFERENCE BETWEEN MT-20RG AND MT-2RSTS AT P < 0.05

473

Description Genes Accession Numbers
Down-regulated in MT-2Rsts compared with MT-20rg

Solute carrier family 15, member 3 SLCISA3 NM_016582
Stomatin STOM NM_198194
Nedd4 family interacting protein 1 NDHAPT NM_030571
Creatine kinase, brain CKB NM_001823
Tripartite moftif~containing 22 TRIMZ2 NM_006074
Apolipoprotein C- APOCI NM_001645
Forkhead box O1 FOXO1 NM_002015
Chromosome 1 open reading frame 218 Clorf218 NM_019049
Solute carrier family 6 (neurotransmitter transporter, tauring), member 6 SLC6AS AB209172
c-mer proto-oncogene tyrosine kinase MERTK NM_006343
Interferon regulatory factor 9 IRF9 NM_006084
Asparaginase-like-1 ASRGLT BCO21295
Ankyrin repeat and death domain-containing 1A ANKDD1A AK075298
Protein phosphatase 1, regulatory (inhibitor) subunit 168 PPPIRIGB NM_015568
Secreted protein, acidic, cysteine-rich (osteonectin) SPARC NM_003118
Chromosome 5 open reading frame 30 CSorf30 NM_033211
Stromal antigen 3 STAG3 NM_012447
Apolipeprotein L, 6 APOL6 AK074645
Chromosome 5 open reading frame 40 CSorf40 NM_001001343
CXXC finger 5 CXXC5 NM_016463
RNase, RNase A family, 1 (pancreatic) RNASET NM_198232
Eukaryetic translation initiation factor 4 v, 3 EfF4G3 NM_003760
Leukemia inhibitory factor (cholinergic differentiation factor) LIF NM_002309
Radial spoke head 1 homologue (Chlamydomonas) RSPH1 NM_080860
cDNA DKFZp3564D0472 TOMM22 AL110179
X-linked Kx blood group (Mcleod syndrome) XK NM_021083
Caspase 2 and receptor-interacting serine-threonine kinase 1 domain containing adaptor with death domain CRADD NM_003805
Chromosome 13 open reading frame 15 C130if15 NM_014059
An acute myeloid leukemia protein (486 bp) amil X90980
Serine propidium iodide Kazal type S-like 3 SPINKSL3 AK001520
Transmembrane and coiled-coil domain family 2 TMCC2 NM_014858
Von Willebrand factor VYWF NM_000552
Acid phosphatase-like 2 ACPL2 NM_152282
Interferon-induced protein with tetratricopeptide repeats 2 T2 NM_001547
Chemakine (C-C metif) ligand 4 cClL4 NM_002984
Napsin A aspartic peptidase NAPSA NM_004851
Hypothetical gene supported by AK125122 FLiT37137 AK125122
G-protein~coupled receptor 56 GPR56 NM_201525
Zinc finger CCCH-type containing 12D ZC3H12D AK127932
Similar to ciliary rootlet coiled-coil, rootletin LOC285188 AM_209505
Membrane-associated ring finger (C3HC4) 3 MARCH3 NM_178450
Sequence 155 from Patent WO0220754 AX721195 AX721195
Protein kinase C, B1 PRKCB1 NM_002738
Interleukin 284 (interferon, x2) 284 NM_172138
DKFZP56400823 protein DKFZP56400823 NM_015393
AF032119 hCASK {Home sapiens;}, partial (139%) THC2443571 THC2443571
Chromosome 19 open reading frame 38 C190rf38 KM_172995
Chemokine (C-X-C motif) receptor 3 CXCR3 NM_001504
Sema domain, transmembrane domain (TM), and cytop!asmlc domain, (semaphorin} 6A SEMAGA NM_020796
Deleted in esophageal cancer 1 DECT BC030567
Phosphatidylinositol 3,4,5-trisphosphate-dependent Ras-related C3 botulinum toxin substrate 1 exchanger 1 PREXT NM_020820
Breast cancer antiestrogen resistance 3 BCAR3 NM_003567
Myeloid cell nuclear differentiation antigen MNDA NM_002432
Integrin, B7 ITGB7 NM_000882
Hypothetical protein LOC199725 LOCI 99725 AK023628
Up-regulated in MT-ZRsts compared with MT-20rg

Hypothetical LOC728701 LOC728701 BCO1177¢
Mediator complex subunit 19 MED1T9 NM_153450
MHorrie disease (pseudoglioma) NDP NM_000266
Protein phosphatase 6, regulatory subunit 1 SAPST NM_014931
Phosphoprotein enriched in astrocytes 15 PEATS NM_003768
cDNA clone: 6386006 BUSB7941 BU587941
Hypothetical protein FLJ11348 AK002210 AK002210
FLI00217 protein AKO74144 AKO74144
cDNA clone: 5451514 BM045853 BM045853
F-box protein 2 FBXO2 NM_012168
cDNA clone: 1917130 SSR2 Al344752
AF4fFMR2 family, member 3 AFF3 NM_002285
Breakpoint cluster region BCR MM_021574
cDHA clone CSODMO0ZYATS CR608907 CR608907

(Continued)
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TABLE 1. (CONTINUED)

Description Genes Accession Numbers
Myc associated factor X dimerization protein 1 MXD1 NM_002357
cDNA MRO-RT0026-160401-104-h09 RT0026 BI00S763 BI009763
Glutamate receptor interacting protein and coiled-coil domain containing 2 GCe2 NM_181453
Transmembrane emp24-like trafficking protein 10 (yeast) pseudogene TMEDT0P Aj004914
Special AT-rich sequence-binding protein homeobox 1 SATBIT NM_002971
Zing finger CCCH-type containing 7A ZC3H7A NM_014153
Toll interacting protein TOLLIP NM_019009
cDNA FLJ13707 fis, clone PLACE2000347 STAMBP AK023769
Ninein (GSK3B interacting protein) NIN NM_016350
Melanoma inhibitory activity family, member 3 MIA3 AK096526
Ras-related protein 1 GTPase-activating protein RAP1GAP NM_002885
Elongation factor Tu GTP binding domain containing 1 EFTUDT NM_024580
Suppressor of Ty, domain containing 1 (Saccharomyces cerevisiae) SPTY2D1 NM_194285
Hepatoma-derived growth factor, related protein 3 HDGFRP3 NM_016073
RNA binding motif protein 22 RBM22 NM_018047
Calciurn/calmodulin-dependent serine protein kinase interacting protein 2 CASKINZ NM_020753
Ras association (RalGDS/AF-6) and pleckstrin homology domains 1 RAPHT NM_213589
Hypothetical protein LOC286272 L0C286272 AK0009392
Transmembrane protease, serine 3 TMPRSS3 NM_032401
Coiled-coll domain containing 66 CCDC66 NM_001012506
Solute carrier family 45, member 4 SLC45A4 AB032952
<DNA clone: 3948082 NOS1T BCO10126
Irogucis homeobox 5 IRXS NM_005853
Organic solute transporter~B OSTheta NM_178859
Hypothetical protein FL]10404 FLI10404 NM_019057
Regulating synaptic membrane exocytosis 3 RIMS3 NM_014747
Chorienic gonadotropin, B-polypeptide 1 CGB1 NM_033377
Secreted frizzled-related protein 1 SERP1 NM_003012
Cysteine-rich secretory protein Limulus factor C, Coch-5b2 and Lglt domain-containing 2 CRISPLD2 BCO07689
Protein phosphatase 1F (PP2C domain containing) PPMITF NM_014634
Steroidogenic acute regulatory protein-related lipid transfer (START) domain—-containing 13 STARD13 NM_178006
Phospholipase C, p2 PLCB2 NM_004573
Glucosyltransferases, Rab-like GTPase activators and Myotubularins domain—containing 1C GRAMDITC NM_017577
cDNA clone: 9981221826 BX119852 BX119852
Replication protein A4, 34 kD RPA4 NM_013347
Calcium-binding protein 7 CABP7 NM_182527
Golgin-like hypothetical protein LOC440321 FLf32679 NM_001012452
Leucine-rich repeat-containing 2 LRRC2 NM_024512
Solute carrier family 10 (sedium/bile acid cotransporter family), member 1 SLCTOAT NM_003042
Tryptophan-aspartic acid repeat domain 33 ‘ WDR33 NM_018383
cDNA clone: 277235 N47124 N47124
Phosphoinositide-3-kinase, regulatory subunit 3 PIK3RS NM_014308
Insulin-like growth factor binding protein 3 IGFBP3 NM_001013398
Dystrophin dystrophin 871486
Growth factor receptor bound protein 2-associated binding protein 2 GAB2 NM_012296
Carbonic anhydrase Il CA2 NM_000067
A kinase anchor protein 12 AKAPT2 NM_144497
cDNA clone: 450936 AA704712 AA704712
Insulin-like growth factor 2 mRNA binding protein 2 IGF2BP2 NM_006548
Cystatin A (stefin A) CSTA NM_005213
Septin 1 SEPTT NM_052838
Tight junction protein 1 (zona occludens 1) TIP1 NM_003257
Coiled-coil domain containing 88A CCDCS8A NM_018084
<DNA DKFZp686]1595 BX538057 BX538057
Chromosome 5 open reading frame 39 CSorf39, NM_001014279
Calcium-binding protein 39-like CAB39L NM_0(30925
Transmembrane protein 56 TMEMS6 NM_152487
Tryptophan-tryptophan domain containing oxidoreductase WWOX NM_130844
FLI35767 protein FLj35767 NM_207459
Riboflavin kinase . RFK NM_018339
Stress-associated endoplasmic reticulum protein family member 2 SERP2 NM_001010897
Dehydrogenase/reductase member 9 DHRS9 NM_005771
Teashirt zinc finger homeobox 1 TSHZ1 NM_005786
Nance-Horan syndrome-like 1 NHSLT ABO37778
Solute carrier family 39 (zinc transporter), member 6 SLC3946 NM_012319
Zinc finger, Cysteine-cysteine-histidine-cysteine domain~containing 2 ZCCHCZ BC006340
Zinc-binding alcohol dehydrogenase domain-containing 2 ZADHZ2 NM_175907
Pentraxin-related gene, rapidly induced by IL-18 PTX3 NM_002852
Family with sequence similarity 124B FAM124B NM_024785
Forkhead box F2 FOXF2 NM_001452
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Figure 3. Clustering analysis of 139 genes reveals differences between
MT-20rg and MT-2Rsts cells. Expression is scaled so that green
represents low expression, and red represents high expression.

data were processed by the MetaCore system, which allows the
visualization of microarray data on canonical pathways and the
construction of gene networks using pathway and network
analysis. The top 30 results of the pathway analysis are listed in
Table 2. We focused on the suppression of the IFN-vy signaling
pathway, because the production of IFN-y was shown to decrease
in CB1 cells compared with MT-20rg cells (17), and IFN-y is
considered one of the most important cytokines for organizing

TABLE 2. PATHWAY RESULTS

tumor rejection by immunocompetent cells. The expression of
two genes, IFN regulatory factor 9 (IRFY) and IFN-stimulated
gene factor-3 (ISGF3), was significantly reduced in all MT-2Rsts
cells exposed continuously to CA or CB (Figure 4). In addition,
the build networks from the 139 genes indicated that the de-
creased expression of CXCR3 in all MT-2Rsts cells was regulated
by IRF9 through CXCL10/IP-10 (Figure 5). Therefore, the cell-
surface expression of CXCR3 was thought to be important
among the cellular and molecular alterations in MT-2Rsts cells
continuously exposed to asbestos.

Decline of Th1-Type CXCR3 Expression, IFN-y Production,
and CXCL10/IP10 Production in MT-2Rsts Cells Chronically
Exposed to Chrysotile Asbestos

Because the expression of CXCR3 and production of IFN-y are
known to be induced by T-cell activation and lead to the
enhancement of antitnmor immune function (22), we investigated
the expression of the Thl-type chemokine receptor CXCR3 and
cytokine IFN-y. As shown in Figure 6A, the cell-surface expres-
sion of CXCR3 was examined in gated live cells on MT-20rg and
MT-2Rsts cells. All MT-2Rsts cells showed a reduction of cell-
surface CXCR3-positive cells, although no significant difference
was evident between MT-20rg and CB2 cells, as indicated by
real-time RT-PCR (Figure 6B). Furthermore, all MT-2Rsts cells
showed less production of IFN-y compared with MT-20rg cells
(Figure 7A). These findings support the notion that the down-
regulation of Thl-type molecules CXCR3 and IFN-y is important
in recognizing the immunologic effect of asbestos.

As shown in Figure 7B, the production of the Thil-type
CXCR3 ligand CXCL10/IP10 was also significantly reduced in
all MT-2Rsts cells compared with MT-20rg cells. In addition,
another Thl-type chemokine, CCL4/ MIP-I3 mRNA, was also
expressed at low concentrations in all MT-2Rsts cells compared

Map P values®
1. Phosphatidylinositol-3,4, 5-trisphosphate signaling in B lymphocytes 5.22E-03
2. IFN-a/B signaling pathway 9.05E-03
3. Regulation of lipid metabolism G-a(qg) regulation of lipid metabolism 1.55E-02
4. Inhibitory action of lipoxins on superoxide production in neutrophils 1.95E-02
5. Angiotensin signaling via signal transducers and activators of transcription © 1.95E-02
6. Transcription factor Tubby signaling pathways 2.62E-02
7. Transcription regulation of granulocyte development 3.46E-02
8. Apoptosis and survival-8-2 adrenergic receptor antiapoptotic action 4.71E-02
9. Membrane trafficking and signal transduction of G-a (i) heterotrimeric G-protein 5.30E-02
10. Gap junctions 9.35E-02
11. G-protein—B/vy signaling cascades 1.01E-01
12. Macrophage migration inhibitory factor, the neuroendocrine-macrophage connector 1.32E-01
13. o-2 adrenergic receptor regulation of ion channels 1.40E-01
14. Antiviral actions of interferons 1.65E-01
15. Calcium signaling 1.74E-01
16. Extracellular signal-regulated kinase interactions: inhibition of extracellular signal-regulated kinases 1.82E-01
17. G-protein-mediated regulation mitogen-activated protein kinase-extracellular signal-regulated kinase signaling  1.91E-01
18. Endothelin receptor type B signaling 1.91E-01
" 19. A1l receptor signaling 2.00E-01
20. A3 receptor signaling 2.00E-01
21. G-protein-mediated regulation p38 and c-jun N-terminal kinase signaling 2.00E-01
22. Inducible costimulator-inducible costimulator ligand pathway in T-helper cells 2.09E-01
23. Histamine H1 receptor signaling in the interruption of cell-barrier integrity 2.17E-01
24, Inhibitory action of lipoxins on neutrophil migration 2.17E-01
25. Histamine signaling in dendritic cells 2.35E-01
26. Activation of protein kinase C via G-protein-coupled receptor 2.35E-01
27. Inositol 1,4, 5-triphosphate signaling 2.44E-01
28. Role of vitamin D receptor in regulation of genes involved in osteoporosis 2.80E-01
29. IFN-y signaling pathway 2.89E-01
30. G protein-coupled receptors in platelet aggregation 3.42E-01

2P values is calculated by comparing the number of interest genes that participate in a given pathway, relative to the total
number of occurrences of these genes in all pathway annotations stored in the Metacore database.
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Figure 4. IFN-y signaling canonical pathway analysis
shows that the expression of IRF9 and ISGF3 is down-
regulated in MT-2Rsts cells. Blue thermometers indicate
down-regulation. Numbers indicate cell line names
(2, CA1; 3, CA2; 4, CA3; 5, CB1; 6, CB2; 7, CB3).

with MT-20rg cells (Table 1 and Figure 7C). However, CCRS,
the Thl-type receptor for CCL4/MIP-1B, was not reduced
significantly through the expression of mRNA in MT-2Rsts cells
(Figure 7C). These results indicate that a continuous exposure of
MT-201g cells to asbestos altered the expression of Thl-related
chemokines (CXCL10/IP10 and CCL4/MIP-18) and chemokine
receptors (CXCR3).

DISCUSSION

Pneumoconiosis is an occupational and restrictive set of lung
diseases caused by the inhalation of dust, often in mines (23-26),

] g
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and typically including silicosis and asbestosis. Silicosis is caused
by the inhalation of crystalline silica dust, and is marked by
inflammation and scarring in the form of nodular lesions in the
upper lobes of lungs. On the other hand, asbestosis is a chronic
inflammatory and fibrotic medical condition affecting the paren-
chymal tissue of the lungs, and is caused by the inhalation and
retention of asbestos fibers. It usually occurs after high-intensity
or long-term exposure to asbestos, particularly in individuals
working on the production or end-use of products containing
asbestos (23-26). Patients with silicosis suffer not only from
respiratory dysfunction, but sometimes from complications in-
volving autoimmune diseases such as rheumatoid arthritis
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Figure 6. Chronic exposure to
chrysotile inhibits the expression
of CACR3 in MT-ZRsts cells. (A)
Representative FACS profiles of
cell-surface CXCR3 expression on

MT-20rg, CA1, and CB1. Living
cells were gated, based on forward
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(known as Caplan’s syndrome), systemic sclerosis, and antineu-
trophil cytoplasmic autcantibody-related vasculitis/nephritis (26~
28). However, the most important complication in patients
exposed to asbestos involves the occurrence of cancers, such as
fung cancer and MM. In particular, MM is known to be caused by
low-level and long-term exposures to asbestos (29-31).

We have been studying the mechanisms of dysregulation of
autoimmunity caused by exposure to silica, and reported on
alterations in Fas/CD95 and related molecules (32, 33), the
activation of T cells by silica via the activation of antigen-presenting
cells such as dendritic cells and monocyte/macrophage-lineage
cells (34), and a reduction of regulatory T-cell function in the
peripheral CD4+*CD25% fraction (35). On the other hand, as-
bestos is a mineral silicate that contains magnesium, iron, and
calcium, with a core of SiO; (36, 37). Thus, asbestos may affect
human immunocompetent cells because silica can modify
homan immunity (32-35). In view of these facts, if we think
about the medical complications of a population exposed to
silica or asbestos, patients may exhibit a reduced antitumor
immune function because of developing cancers possessing
a long-term latent phase (20-50 years) after an initial exposure
to asbestos (29-31).

Therefore, we previously investigated the effects of asbestos
on NK cells, and reported impairment in the cytotozicity and
expression of NK cell-activating receptor NKp46 and a decrease
in the phosphorylation of the extracellular signal-regulated
kinase signaling molecule in NK cells exposed to asbestos (11,
12). We also studied the effects of asbestos in relation to CD8%
cytotoxic T cells, and found impairment in the differentiation
and proliferation of these celis, the details of which will be
reported in the future.

In regard to CD4™ T cells, we established an in vitro cell line
model of low-level and continuous exposure to asbestos (17, 18).

MT-2 cells (15, 16) were chosen and underwent an initial
screening for growth inhibition by culturing with asbestos fo
detect sensitivity to asbestos-induced apoptosis, because cell
lines derived from leukemia and lymphoma may already possess
alterations in many cellular and molecular events due to trans-
formation. Moreover, chrysotile was initially used to analyze the
immunologic effects of asbestos, because this fiber is used
widely throughout the world.

First, we reported that high-dose and iransient exposure
induced apoptosis in MT-2 cells, caused by the production of
ROS, the activation of proapoptotic ¢-Jun N-terminal kinase
and p38 signaling molecules in the mitogen-activated protein
kinase pathway, and the activation of the mitochondrial apo-
ptotic pathway, as shown in Figure 1 (18). These findings were
also evident when CA including 2% fibrous anthophyllite was
used for exposure, as described in alveolar epithelial and
pleural mesothelial cells (5-10). Next, we established a subline
exposed to long-term and low-level CB (17). This subline
showed the acquisition of resistance to asbestos-induced apo-
ptosis through an activation of Src-family kinases, the up-
regulation of IL-10 production, the activation of STAT3, and
the up-regulation of Bcl-2, as shown in Figure 1 (17). Further-
more, the expression of Bel-2 in CD4+ T cells from patients
with MM was significantly up-regulated compared with that in
healthy donors (17). However, because we ran only one trial to
establish the low-level and continuous exposure model, we
cannot confirm whether the findings in this subline represent
general responses. ‘

Therefore, we established five other independent sublines
involving long-term and low-level exposure to chrysotile, be-
cause the other altered molecules should be identified for
a better understanding of the asbestos-induced reduction of
antitumor immune function. As shown in Figures 2 and 7A, all
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Figure 7. Continuous exposure to chrysotile decreases
Thil-type cytokine IFN-y and chemokine CXCL1G/IP10
production in MT-2Rsts cells. (4, 8) MT-20rg and MT-
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siz sublines, including the initial subline (CB1), exhibited a re-
sistance to asbestos-induced apoptosis and a reduction of IFN-y
production, in a manner similar to that shown in previous
studies (17). These findings indicate that the cellular and
molecular alterations found in these sublines can be regarded
as the universal immunologic effects of asbestos in T cells,
although these findings should be confirmed using freshly
isolated lymphocyies from both healthy donors and patients
with MM exposed to asbesios.

An exhaustive analysis using DNA microairay, pathway, and
network analyses identified the suppression of the Thl-type
TFN-~v signaling pathway and CXCR3 expression. These alter-
ations were confirmed by the decreased production of IFN-y
and decreased cell-surface expression of CXCR3 in all cell lines.
IFN-y is an antitumor cytokine, and it is used for the treatment
of various cancers to enhance the antitumor activity of T cells,
NK cells, and natural killer T cells (38, 39). In addition, the
chemokine receptor CXCR3 is a G-protein—coupled seven-
transmembrane receptor expressed on various lymphocytes,
including T cells, B cells, and NK cells, and it binds to IFN-
vy-inducible chemokines such as CXCL9/MIG, CXCL10/1P10,
and CXCL11/I-TAC that recruit leukocytes to inflammatory
sites such as tumors (40). In the case of CD4* T cells, CXCR3 is
preferentially expressed on IFN-y-producing Thil/effector T
cells. Our previous study showed that original MT-2 cells exhibit
a high-level production of inflammatory cytokine IFN~y, TNF-a,
and IL-6, whereas sublines produce an anti-inflammatory
cytokine IL-10 at a high concentration (17), suggesting that
the Thi/effector T-cell-like characteristics of MT-20rg cells
may easily be suppressed by long-term and low-level exposures
to chrysotile, although the mRINA expression of Thi-type CCRS
(41) was not inhibited significantly (Figure 7C). Moreover, all

six sublines showed a down-regulation of Thl-type chemokine
CHCL10/IP10 and CCLA/MIP-18. Generally, both CXCL10/IP10
and CCLA/MIP-1B are secreted by activated T cells, and contrib-
ute to the ativaction of Thi/effector T cells (41, 42). Therefore, the
suppression of Thl-type molecules such as CXCR3, IFN-y,
CXCL10/IP10, and CCLA/MIP-18 in sublines continuously ex-
posed to chrysotile can be considered evidence of asbestos-
induced cellular and molecular alterations in immunocompetent
cells. Exposure to asbestos seems to modify antitumor immune
function and local (pulmonary) inflammatory reactions because of
changes in the expression and production levels of cytokines,
chemokines, and chemokine receptors in immune competent
cells.

These findings may provide an explanation for the rapid
progression of asbestos-related cancers, although further re-
search is needed to confirm whether these alterations in cell-line
models arise in freshly isolated human lymphocytes derived
from healthy donors and patients with PP or MM.
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Clinical Effectiveness of Boron Neutron Capture Therapy for
a Recurrent Malignant Peripheral Nerve Sheath Tumor in
the Medlastmum

Masayoshi Inoue, MD, PhD,* Chun Man Lee, MD, PhD,} Koji Ono, MD, PhD,}
Minoru Suzuki, MD, PhD,} Toshiteru Tokunaga, MD,* Yoshiki Sawa, MD, PhD,}
and Meinoshin Okumura, MD, PRD*

Th-year-old woman underwent extirpation of a malignant
eripheral nerve sheath tumor, 4.5 X 2.0 em in size, in
the right supraclavicular fossa. Locoregional recurrence was
fmmd 10 months after operation (Flgure 1). Although one
course of systemic chemotherapy usmg cisplatin (80 mg/m?

at day 1) and vinorelbine (23 mg/’m at days 1 and' 8) was
given, the recurrent tumor progressed. Because conventional
radictherapy is not effective for malignent peripheral nerve
sheath tumor, boron neutren capture therapy (BNCT) was
considered based on the subcutancous mediastinal location.
After instifutional review board approval and securing the
patient’s writien informed consent, accumulation of p-bo-
ronophenylalanine (BPA) in the wumor was confirmed using
18F-BPA posiiron emission tomography. Using simulation
environment for radiation applications software program, fast
neutron and y-ray physical doses, compound biclogic effec-
tiveness- and relative biologic effectivencse-weighted doses,
were calcnlated.

The patient vaderwent two courses of BNCT with an
interval of 3 weeks. BP A-fructose was administered intrave-
nously ai a dose of 500 mg/kg just before irradiation. For the
first course, the epithermal neutron irradiation was performed
for 105 minutes. The dose disiribution in the fumor ranged
from 13.7 io 22.3 Gy-Eg and was 6.0 Gy-Eq to the skin. For
the sscond course, the irvadiation time was shortened to 51
minutes, becavse of the higher epithermal neutron fux. The
dose delivered to the tumor ranged from 6.0 to 24.3 Gy-Eg
and was 9.7 Gy-Eq to the skin.

Chest computed tomography scan 1 vear afier BNCT
showed that the fumor size decreased from 6.2 X 4.0 cm fo
4.6 % 3.2 cm in size (25% reduction), and stable dissase was
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maintained for 24 months (Figure 2. Posiiron emission tomog-
raphy-computed fomography 18 months after BNCT showed no
uptake of 18F-flucrodeony glucose in the residual mass, sug-
gesting no viability (Figure 3). Neuralgia of the sight am
improved. Although temporary dysphagia because of an oral
mucosa disorder was observed as a side effect, the patient’s
general quality of life was preserved. There ie no evidence of
recurrence 2 vears afier BNCT.

DISCUSSION

When "*Boron absorbs thermal neuirons, « and "Lith-
iwm particles are generated.! BNCT selectively injures the
fumor cells c(mtammg ®yoron; it was suitable in this case
with tumor invasion into the neighboring great vessels. Be-
cause the peak of thermal neutron flux is 3 em beneath the
tissue surfacs, iis clinical applications have been limited to
malignant melanomag and brain tumors. Kato et al.? reported
its efficacy for head and neck malignancies. The indication
was extended to metasiatic liver tumor,® malignant mesothe-
lioma,? and glioblasioma.® This is the first case of mediastinal
tumor freated with BNCT.

The effect of BNCT is critically dependent on selective
accumulation of '"Beron compounds, The tumorfuormal tis-
sue ratio of the '°Boron uptake was 2 in this case, while a
ratio greater than 2.5 is preferable for seleciive weatment.
BMNCT might be a freatment option for subcutansous medi-
astinal tomors, which is resistant to conveniional irradiation.
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FIGURE 1. Chest computed to-
mography (CT) scan and magnetic
resonance imaging (MRI) showing
the recurrent lesion. 4, Postopera-
tive recurrence, 4.5 X 2.0 cm in
size, is seen In the right subclavicu-
lar region (arrow head) in the fol-
low-up CT scan 10 months after
operation. B, Tumor invasion into
the right subclavicular artery and
brachiocephalic vein Is seen (arrow
head) in the sagittal view of MRI.

boron neutron capture therapy shows shrinkage of the re-
current lesion after chemotherapy from 6.2 X 4.0 cm to
4.6 X 3.2 em in size {25% reduction).

FIGURE 3. FDG-positron emission
tomography (PET) shows the re-
markable effect of boron neutron
capture therapy (BNCT). A, PET-
computed tomography (CT) before
BNCT shows significant tumor up-
take. 8, Although a residual mass is
seen, the FDG uptake is reduced to
the background level 18 months
arter BNCT,

2038 Copyright © 2018 by the nternationnl Association for the Study of Lung Cancer



Published OnlineFirst October 21, 2011; DOI:10.1158/1078-0432.CCR-11-0868

Clinical Cancer AR
Research

Early [18F]Fluorodeoxyglucose Positron Emission Tomography at
Two Days of Gefitinib Treatment Predicts Clinical Outcome in
Patients with Adenocarcinoma of the Lung

Ryo Takahashi, Haruhiko Hirata, Isao Tachibana, et al.

Clin Cancer Res 2012;18:220-228. Published OnlineFirst October 21, 2011.

Reprints and
Subscriptions

Permissions

Updated Version  Access the most recent version of this article at:
doi:10.1158/1078-0432.CCR-11-0868
Supplementary  Access the most recent supplemental material at:
Material http://clincancerres.aacrjournals.org/content/suppl/2011/10/21/1078-0432.CCR-11-0868.DC1.html
Cited Articles  This article cites 36 articles, 11 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/18/1/220.full.htmi#ref-list- 1
E-mail alerts Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.

To request permission to re-use all or part of this article, contact the AACR Publications Department at
permissions@aacr.org.

Downloaded from clincancerres.aacrjournals.org on May 22, 2012
Copyright © 2012 American Association for Cancer Research




Published OnlineFirst October 21, 2011; DOI:10.1158/1078-0432.CCR-11-0868

Clinical
Cancer
Research

Imaging, Diagnosis, Prognosis

Early ['®F]Fluorodeoxyglucose Positron Emission
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Abstract

Purpose: Positron emission tomography (PET) with [ '*F|fluorodeoxyglucose (FDG) is increasingly used
in early assessment of tumor response after chemotherapy. We investigated whether a change in [**F]FDG
uptake at 2 days of gefitinib treatment predicts outcome in patients with lung adenocarcinoma.

Experimental Design: Twenty patients were enrolled. [**F]FDG-PET/computed tomographic (CT) scan
was carried out before and 2 days after gefitinib treatment. Maximum standardized uptake values (SUV)
were measured, and post-gefitinib percentage changes in SUV were calculated. Early metabolic response
(SUV decline < —25%) was compared with morphologic response evaluated by CT scan and with
progression-free survival (PFS).

Results: At 2 days of gefitinib treatment, 10 patients (50%) showed metabolic response, 8 had metabolic
stable disease, and 2 had progressive metabolic disease. Percentage changes of SUV at 2 days were correlated
with those of tumor size in CT at 1 month (R? = 0.496; P= 0.0008). EGFR gene was assessable in 15 patients,
and of 12 patients with EGFR mutations, 8 showed metabolic response at 2 days and 6 showed morphologic
response at 1 month. None of 3 patients with wild-type EGFR showed metabolic or morphologic response.
Metabolic response at 2 days was not statistically associated with PFS (P = 0.095), but when a cutoff value of
—20% in SUV decline was used, metabolic responders had longer PFS (P < 0.0001).

Conclusion: Early assessment of [‘®F]JFDG tumor uptake with PET at 2 days of gefitinib treatment could
be useful to predict clinical outcome earlier than conventional CT evaluation in patients with lung

adenocarcinoma. Clin Cancer Res; 18(1); 220-8. ©2011 AACR.

introduction

Treatment of non-small cell lung cancer (NSCLC) has
made remarkable progress in the last decade; the epidermal
growth factor receptor (EGFR), which is expressed in more
than 60% of patients with metastatic NSCLC and correlates
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with poor prognosis (1), has emerged as an important
molecular target for advanced or recurrent NSCLC. Revers-
ible EGFR tyrosine kinase inhibitors (TKI), gefitinib and
erlotinib, were found to have antitumor activities in second-
or third-line therapy (2-4). Objective responses with these
agents were limited to a subpopulation of patients, which
included never-smokers, women, East Asians, and patients
with adenocarcinoma histology (4, 5). It was later shown
that most of these responders harbor specific mutations or
increased copy number in the gene encoding EGFR that
enhances tyrosine kinase activity (6, 7). Indeed, gefitinib as
first-line and single-agent therapy improved progression-
free survival (PFS) of patients with NSCLC with the EGFR
mutations when compared with standard chemotherapy
(8-10). Although these genetic markers may be used to
predict therapeutic response, they do not guarantee suc-
cessful treatment as a portion of marker-positive patients
did not respond to the EGFR TKIs, whereas a portion of
marker-negative patients did respond (11). Moreover, a
secondary mutation in the EGFR gene or amplification of
c-Met negates the sensitizing effect, leading to acquired
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PET at Two Days of Gefitinib Predicts Qutcome in NSCLC

Translational Relevance

It remains difficult to accurately predict clinical benefit |
of gefitinib in patients with non-small cell lung cancer |
(NSCLC). A recent basic study using a mouse model has
shown that gefitinib induces a decrease of fluorodeox- |
yglucose (FDG) uptake within 48 hours in sensitive |
NSCLC tumors. We conducted a pilot study to validate |
the use of early FDG-positron emission tomography |
(PET) in clinical settings. Assessment of FDG uptake |
only after 2 days of gefitinib treatment was able to predict |
tumor response and progression-free survival. This early |
assessment could help to identify patients who will |
benefit from gefitinib therapy while allowing for rapid
initiation of alternative strategies and minimizing crit-
ical adverse effects such as interstitial lung disease when
gefitinib is ineffective.

resistance to the EGFR TKIs (12). Thus, it appears difficult to
predict clinical benefit accurately only with these genetic
biomarkers.

Positron emission tomography (PET) with [**F]fluoro-
deoxyglucose (FDG) plays a role in the diagnosis and
staging of lung cancer. It is based on high glucose metab-
olism in tumor cells that have an increased level of glucose
transport protein expression and hexokinase activity. In
addition to diagnosis and staging, [**F]JFDG-PET is increas-
ingly used to assess tumor response and to predict outcome.
A decrease in FDG uptake in sensitive tumor cells can be
detected earlier than structural changes occur (13). This is
the case especially in tumors treated with molecularly
targeted drugs rather than with cytotoxic agents. In gastro-
intestinal stromal tumors (GIST), FDG-PET has been shown
to be highly sensitive in detecting early response to imatinib
mesylate, a small molecule that inhibits ¢-KIT. Decreases in
FDG uptake were observed after 1 week of treatment,
whereas volume responses evaluated on computed tomo-
graphic (CT) scan were small and developed more slowly
(14, 15). In NSCLC, it has remained unknown that how
EGFR TKIs downregulate FDG uptake after initiation of
treatment in sensitive tumors. Recently, using a mouse
xenograft model, Su and colleagues showed rapid decreases
of tumor FDG uptake in sensitive xenografts within 48
hours of gefitinib treatment (16). They also found a decline
in FDG uptake 24 to 48 hours before inhibition of prolif-
eration and induction of apoptosis in a gefitinib-sensitive
NSCLC cell line. A more recent preliminary study, which
evaluated ['®FJFDG-PET in 5 patients with advanced
NSCLC treated with gefitinib, suggested that FDG-PET may
be able to predict the response. Patients exhibiting a partial
response on CT evaluation already showed a mean of 61%
decrease in FDG uptake at 2 days of therapy (17). Thus,
further prospective studies are needed to confirm that
[*3F]FDG-PET provides an early sensitive marker of the
effectiveness of gefitinib in patients with NSCLC.

In the present study, we prospectively evaluated FDG-PET
only after 2 days of gefitinib treatment in patients with lung
adenocarcinoma to predict response and outcome. We used
a combined PET/CT scan to provide correct anatomic reg-
istration of PET data.

Rliadarnate andd Malhadda
Materials and Methods

Patients

Twenty patients with lung adenocarcinoma who received
gefitinib treatment were enrolled from November 2007 to
November 2009. Diagnosis was made either histologically
or cytologically. Gefitinib ata dose of 250 mg once a day was
administered orally 30 minutes after breakfast as the first
EGFR tyrosine kinase inhibition therapy, until disease pro-
gression, unacceptable toxicity, or patient refusal. Eligibility
criteria included an age of 20 years or more, unresectable
stage or relapse after surgery, measurable disease, and
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0 to 2. The study protocol was approved
by the Institutional Review Board of Osaka University
Hospital, Osaka, Japan, and written informed consent was
obtained from all patients.

EGFR mutation analysis

Mutation analysis of EGFR in exons 18, 19, 20, and 21
was conducted using biopsy specimens obtained at diag-
nosis. Genomic DNA was extracted and analyzed by peptide
nucleic acid-locked nucleic acid PCR (PNA-LNA PCR)
cramp method manufactured in Mitsubishi Chemical
Medience Co., as previously described (18).

FDG-PET/CT

['®F]FDG-PET/CT was conducted before (at baseline), 2
days, and 1 month after gefitinib administration using a
GEMINI GXL scanner (Philips Medical Systems). Baseline
scan was done within 14 days prior to the treatment. All
patients were fasted for at least 4 hours before scanning.
Their serum glucose levels were less than 150 mg/dL before
FDG injection. One hour after the injection of 3.7 MBq/kg
[**F]FDG, patients were scanned from the head to the thigh.
We calculated accurate ['®F]FDG uptake time for each
patient and confirmed that there was no significant differ-
ence between any metabolic responders and nonrespon-
ders. After a 50-mAs low-dose CT scan for attenuation
correction, emission scan was obtained in a 3-demensional
acquisition mode at 11 to 12 bed positions with 2 min/bed
speed. In-plane and axial field of view of the scanner were
576 mm and 180 mm, respectively. In-plane spatial reso-
lution was 6.31 mm full width at half maximum (FWHM) at
the center with 144 x 144 pixel size (4 x 4 x 4 mm?/pixel).
Images were reconstructed by line-of-response row-action
maximum likelihood algorithm (LOR-RAMLA) method.
After acquisition of the PET images, a diagnostic chest
CT was conducted by a 16-row multidetector scanner in
a helical mode with 120 kV of the tube voltage and 200 mAs
of the effective tube current. CT gantry rotation time was
0.5 seconds with an axial field of view of 600 mm,
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producing 5-mm thick slices with a 512 x 512 matrix.
Regions of interest were placed over the highest accumula-
tion area, corresponding to tumor sites on the PET images.
The maximal standardized uptake value (SUV) was deter-
mined as previously described (19).

Response assessment and follow-up

Among measurable lesions according to the Response
Evaluation Criteria in Solid Tumors version 1.0 (RECIST
1.0; ref. 20) in fused mode of dual modality PET/CT, up to 5
lesions in order of ['*F]JFDG uptake level were defined as
target lesion on the baseline scan. ['®F]JFDG uptake was
evaluated as the SUV of the target lesions (21). The lowest
SUV of target lesions was 1.6, which was still higher than the
background (Table 1). On PET/CT at 2 days and 1 month of
gefitinib administration, percentage changes in the sum of
these SUVs of the target metabolic lesions were determined
on the basis of the baseline scan, and time point metabolic
response was defined according to the recommendations of
the European Organization for Research and Treatment of
Cancer (EORTC) PET study group (22). Complete meta-
bolic response (CMR) was achieved when SUVs of all
lesions were decreased to uptake equivalent to background.
Partial metabolic response (PMR) was defined as percentage
change of the sum of SUVs (ASUV%) < —25%, stable
metabolic disease (SMD) was —25% < ASUV% < +25%,
and progressive metabolic disease (PMD) was defined as
+25% < ASUV% or when the extent of [*®F]FDG increased
greater than 20% in the longest dimension or when new
[*®F]FDG uptake appeared in metastatic lesions. In analysis
of PES, a cutoff value of —20%, instead of —25%, was also
used to separate responders from nonresponders. Changes
in tumor size of the same target lesions as [**F]FDG uptake
analysis and nontarget lesions were quantified on CT
images from PET/CT data at 1 month by 2 of the authors
blinded to the PET data, and time point overall response was
classified according to RECIST 1.0. Percentage changes in
the sum of the longest dimension (ACTsize%) of the target
lesions were also determined and compared with ASUV%.
On CT images at 2 days of gefitinib administration, all
patients were with stable disease. Chest CT or radiograph
was repeated every 4 weeks until disease progression, which
was determined by RECIST 1.0. The overall responses clas-
sified at 1 month were not confirmed by the repeat assess-
ments in this study.

Statistical analysis

Data were analyzed using JMP statistical discovery soft-
ware version 8.0.2 (SAS Institute). Correlation between
ASUV% at 2 days and ACTsize% at 1 month was evaluated
by Fisher ANOVA. Agreement between the EORTC recom-
mendations-based metabolic response at 2 days and
RECIST-based morphologic overall response at 1 month
was evaluated using kappa statistic (23). PFS was measured
from the first administration of gefitinib to documented
progression or death of any cause. Overall survival (OS) was
from the first administration of gefitinib to death of any
cause. PFS and OS were estimated using the Kaplan-Meier

Table 1. Patient characte '
i
Characteristic N ’
Total no. of patients 20 }
Sex |
Male 5
Female 15 {
Age,y
Median 69
Range 58-83
| ECOG performance status
| o 10
frinst 10
-t Smoking history
| Never 15
; Ever
| Clinical stage !
[ A 2 §
E B 3 [
v 15 ’
i No. of prior chemotherapy |
0 10 |
1 6 |
2 2 |
3 1 {
4 qi }
EGFR mutation status |
| Exon 19 6
| Exon21 5
l Exon 18 1
| Wild-type 3
| Not determined 1
| Not tested 4
| Baseline study
No. of target lesions
Median 2.5
Range 1-5
SUV of target lesions
Median 5.9
Range 1.6-13.0
Size of target lesions, cm
Median 2.0
Range 1.2-7.7

| SRS P

|
|

method and compared by the 2-sided log-rank test (24).
HRs were calculated using the Cox proportional hazards
model. In multivariate Cox model analysis, metabolic
response at 2 days and morphologic response at 1 month,
significance of which was P < 0.15 in univariate analysis,
were chosen as variable in addition to smoking history,
which was previously shown to be a prognostic factor for
patients with gefitinib-treated NSCLC (5). EGFR mutation
status was not included because it was not determined or
tested in 5 patients, and the number of patients with wild-
type EGFR was only 3.
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PET at Two Days of Gefitinib Predicts Quicome in NSCLC

Figure 1. Pre- and postireatment
images of FDG-PET/CT scans of a
67-year-old female (A, D, and G)
and a 75-year-old female (B, E,
and H), who achieved partial
response at 1 month (G and H,
respectively), and an 81-year-old
male (C, F, and ), who had
progressive disease at 1 month (/)
as assessed by RECIST 1.0. The
first 2 patients already showed
partial metabolic response at 2
days (D and E), and the third patient
was assessed with progressive
metabolic disease at 2 days (F).

1mo

Patient characteristics

A total of 20 patients (15 females and 5 males) were
enrolled in this study, underwent PET/CT for baseline
assessment, and received gefitinib treatment. Nineteen were
patients with adenocarcinoma and one with adenosqua-
mous carcinoma. Fifteen patients (75%) had clinical stage
IV disease. Five patients at clinical stage III were not treated
with surgery or radiation due to the presence of malignant
pleural effusion and complicating diseases. Ten were pre-
viously untreated and 10 had been treated with 1 to 4
chemotherapy regimens. Detailed patient characteristics
are shown in Table 1. Median time between the baseline
PET/CT and the start of gefitinib treatment was 4 days
(range, 0-13 days), and no chemotherapywas administered
during this period. A 77-year-old male patient did not
complete PET/CT at 1 month because ground-glass opacity
appeared on chest radiograph and gefitinib administration
was discontinued at 6 days of treatment; this patient was
excluded from later assessment. In all the other patients,
gefitinib was continued to documented disease progression,
and none of them received additional treatment without
documented progression. Overall, early response at 2 days
was assessed in 20 patients, and late response assessment at
1 month and PFS analysis were conducted in 19 patients.

Comparative analysis of metabolic and morphologic
responses

Metabolic responses could be detected only at 2 days of
treatment, when morphologic responses were still unrecog-
nizable. Representative PET/CT images of responders and
nonresponders during gefitinib treatment were shown in Fig.

1. Median percentage change of the sum of SUVs (ASUV%) of
target lesions was —23%. Sixteen patients experienced
ASUV% reduction ranging from —2% to —52% (Fig. 2A).
No patient achieved a complete metabolic response (SUVs of
all lesions equivalent to background) and 10 (50%) patients
achieved a partial metabolic response (ASUV% < —25%).
Four patients experienced an increase of ASUV% ranging
from +6% to -++36% and 2 of these were assessed with
progressive metabolic disease (+25% < ASUV%). These
changes of target lesions in SUV at 2 days of treatment were
compared with those in tumor size (ACTsize%) at 1 month of
treatment, which was quantified on CT images, and there
was a strong correlation (R* = 0.496; P = 0.0008) as shown
in Fig. 2B. There was also a moderate agreement (k = 0.566)
between metabolic responses at 2 days based on the EORTC
recommendations and morphologic overall responses at 1
month according to RECIST 1.0 (Fig. 2C). Of 10 metabolic
responders at 2 days, 8 patients were morphologic respon-
ders and 2 were with stable disease by RECIST 1.0 at 1 month.
Of 7 patients with stable metabolic disease (—25% < ASUV%
< +25%) at 2 days, 5 patients were assessed with morpho-
logically stable disease and 2 had progressive disease by
RECIST 1.0 at 1 month. Median PFS of patients with partial
metabolic response, stable metabolic disease, and progres-
sive metabolic disease was 290, 48, and 39 days, respectively.
Median PES of patients with morphologic partial response,
stable disease, and progressive disease was 267, 100, and 29
days, respectively.

EGFR mutation

Biopsy samples from 5 patients were not suitable for
molecular analysis. Mutation of EGFR gene was assess-
able in 15 patients and 12 were EGFR mutation positive:
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