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Table 5 Phase H study of amrubicin in relapsed case or refractory case with smalf Jung cancer: Response

Sensitive case Refractory case Total
No. of paticnis 44 16 60
CR 1 1 2
PR 22 7 29
Sb 10 2 12
PD Hl 6 17

Response rate (95% C1)
Progression-free survival (95% CI}
Median survival time (95% CI)
L-yr survival (95% CI)

52% (37-68%)

45.5% (29.9-59.

4.2 months (3.6~5.3)
11.6 months (10.0-15.8)

8)

50% (25-75%)

2.9 months (1.4-4.6)
10.3 months (4.8—x)
40.3% (15.1-64.6)

52% (38-63%)

3.9 months (3.4-4.6)
{1, months (10.0-13.2)
44.1% (30.6-56.8)

o a symbol of infinite

Future directions

As noted above, little evidence has been published
concerning the ecfficacy of amrubicin in the treatment of
NSCLC or SCLC. Only amrubicin monotherapy has been
investigated for NSCLC, and only combination therapy
with cisplatin has been investigated for SCLC.

At present, platinum-based doublet chemotherapy is
considered the standard treatment as 1st line chemotherapy
for advanced NSCLC. Therefore, combination therapy with
cisplatin in previously untreated patients with advanced
NSCLC should be tested. Combination therapy with
carboplatin, an analog of cisplatin that is often used instead
of cisplatin becausc of its milder toxicity profile, should also
be evaluated. However, in combination with carboplatin, it is
necessary to note that hematologic toxicities overtap, and
therefore studies should start from phase 1 to determine a
recommended dosage. Combination therapies with paclitax-
¢l, docetaxel, gemcitabine, vinoreibine, and CPT-11, novel
anticancer agents that became availabic in the 1990s, should
also be topics of investigation as non-platinum regimens.
However, it is already known that anthracycline anticancer
agents and taxane agents interact: for example, in combina-
tion therapy using paclitaxel plus doxorubicin, it has been

Table 6 Responses of the “3rd generation drug™ in sensitive relapse
and refractory disease®

Responders/evaluable

Scnsitive relapse Refractory discase

Topotecan 18% {30/168) 8% (6/75)
Irinotecan 28% {18/63) 39% (1/28)
Docetaxel 19% (9/47)

Paclitaxel 29% (7/24)
Gemcitabine 14% (5/38)
Vinorelbine 1 7% (7/41) 0% (0/8)
Amtubicin 52% (23/44) 50% (R/16)

* Glisson BS. Semin Oncol 30: 7278, 2003
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reported that if paclitaxel is administered first, not only do
the pharmacokinetics of doxorubicin change, but its toxicity
is increased [18]. Because amrubicin is also an anthracy-
cline agent, any investigation of combination therapy with a
taxanc agent in particular should involve a pharmacokinet-
ics study. Recently, Masuda ct al. conducted a combination
phase | study of CPT-{1 and amrubicin, which led to a
recommended dosage of 60 mg/m* of CPT-11 on days 1and
&, and 25 mg/m? of amrubicin. days 1-3 cvery 3 weeks, the
lowest dosage levels that had becn tested in their study
because of adverse events, including strong myelotoxicity
[19]. Regardiess of whether or not it is combined with a
platinum drug, it is necessary to clarify whether anubicin
can become a viable first line chemotherapy candidate for
advanced NSCLC in the future.

The secound line treatment of NSCLC and Ist line
treatment in clderly patients are in categories for which
single-agent chemotherapy should be the recommended
option. It is necessary to test amrubicin for these categories.
To date. amrubicin has been approved and licensed for
3-day administration, but a phase | clinical study of this
adiministration mcthod has only been conducted in previous-
ly untreated patients, and there is still a problem conceming
whether the recommended dosage of 45 mg/m*/day is
tolerable in previously treated patients, especially in light of
its strong myelotoxicity. On this point, Okamoto et al. recently
conducted a phase T study of amrubicin in previously treated
patients with lung cancer, and reported a recommended phase
1 dosage of amrubicin at 35 mg/m?/day for three consecutive
days every 3 weeks [20].

For ED-SCLC, based on the good resuits obtained from
combination therapy with cisplatin, a randomized phase 1}
study should be carried out involving a comparison with
cisplatin—CPT-11 combination therapy. Other anticancer
drugs that should be investigated for combination therapy
include carboplatin, as well as the topoisomerase I
inhibitors CPT-11 and topotecan, which have recentiy been
playing major roles in the treatment of SCLC. Becausc no
standard treatment has yet been cstablished for SCLC that
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recurs after the initial treatment, a possible target of
amrubicin monotherapy is previously treated SCLC.

The clinical studies suggested above should be con-
ducted for both NSCLC and SCLC; however, because
amrubicin is strongly myelotoxic, special consideration
should be taken if these drugs arc used in combination.
From this viewpoint, it is also important to examine the
pharmacokinetic profile of amrubicin. There is only one
report by Matsunaga et al. regarding the pharmacokinetics
of amrubicin and its active metabolitc amrubicinol in
patieats with lung cancer [2}]. In this report, it was
suggested that the area-under-the time curves of amrubicin
and amrubicinol seemed to be associated with the hemato-
logic toxicities, and interestingly interpatient variability in
the enzymatic conversion of amrubicin to amrubicinol was
small whereas a large interpatient variability in the
clearance of amrubicin was observed [21].

Conclusion

Clinical studies of the novel anticancer agent amrubicin
have only begun, and we as yet have liitle evidence to
evaluale. However, there are high expectations for this
agent in the trial to improve outcome for both NSCLC and
SCLC patients, Many issues remain to be resolved, such as
how to position this drug in the actual treatment of lung
cancer. In order to resolve this and other issues in the
future, many high-quality clinical stdies are needed.
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We previously established a highly metastatic subline,
LNM35, from the NCI-H460 lung cancer cell line,
and demonstrated upregulation of a novel gene, CLCP/
(CUB, LCCL-homology, coagulatien factor V/VIII homo-
logy domains protein), in LNM35 and lung cancer speci-
mens. In this study, we focused on the potential roles of
that gene in cancer metastasis. First, we established
stable LNM35 RNA.i clones, in which CLCPI expression
was suppressed by RNAi, and found that their motility
was significantly reduced, although growth rates were
not changed. Next, in vitro selection of a phage display
library demonstrated that a phage clone displaying a
peptide similar to a sequence within the Sema domain
of semaphorin 4B (SEMA4B) interacted with LNM35.
Immunoprecipitation experiments confirmed interaction of
CLCP1 with SEMAJB, regulation of CLCP1 protein by
ubigquitination and proteasome degradation enhanced in the
presence of SEMA4B. These results are the first to
indicate that CLCP1 plays a role in cell motility, whereas
they also showed that at least one of its ligands is
SEMA4B and that their interaction mediates proteasome
degradation by CL.CP1. Although the physiological role of
the interaction between CLCP1 and SEMA4B remains to
be investigated, this novel gene may become a target of
therapy to inhibit metastasis of lung cancers.

Oncogene (2007) 26, 4025-4031; doi:10.1038/sj.onc. 1210183,
published online 8 January 2007

Keywords: CLCP1; SEMA4B; lung cancer

Lung cancer is the leading cause of cancer-related death
in developed countries. Despite a considerable body
of knowledge regarding the molecular mechanisms
of development and progression of lung cancer, most
patients eventually dic becausc of widespread metas-
tases. Thus, it is considered important to identify the
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molecules that play crucial roles in cell motility/invasion
and metastasis in order to significantly reduce mortality
rates. For this purpose, wec established a highly
metastatic subline, LNM35, from the NCI-H460 human
lung cancer cell line (Kozaki ef al., 2000), which showed
upregulation of various proinflammatory cytokines and
angiogenic chemotactic chemokines in comparison to a
representative low metastatic clone of the parental line
(Kozaki et al., 2001). Based on this profiling analysis, we
also identified and characterized a novel gene, CLCP!
(CUB, LCCL-homology, coagulation factor V/VIII
homology domains protein), also termed endothelial
and smooth muscle cell-derived neuropilin-like molecule
(ESDN)/discoidin, CUB and LCCL domain containing 2
(DCBLD2) (Kobuke er al., 2001), that demonstrated
upregulated expression in LNM3S as well as in a
significant fraction of lung cancers, especially lymph
nodc metastases (Koshikawa et al., 2002). The CLCPI
gene encodes a 775-amino-acid protein with structural
similarities to neuropilins, cell surface receptors for
vascular endothelial growth factor (VEGF);4s and
semaphorins (Koshikawa et afl., 2002), which were
originally identified as neural axon repulsion signaling
molecules active in axon guidance. Some class II1
semaphorins function as tumor suppressors, whereas
one class [V member may promote tumor progression
through induction of angiogenesis (Kruger et al., 2005).
In the present study, we cxplored the functions of
CLCP! in tumor progression and metastasis, and found
that knock down reduces tumor cell motility. Using the
phage peptide library, we also obtained evidence that at
least one ligand of CLCP1, Sema domain of thc human
semaphorin 4B (SEMA4B), is a class 1V semaphorin
that may be also involved in the regulation of cell
motility through its induction of CLCP1 degradation.
Obscrvation of a high cxpression of CLCP! in lung
cancer specimens prompted us to examine its functional
contribution to the high metastatic properties of
LNM35 cells. We generated several small interfering
RNA (siRNA) constructs expressing short hairpin
RNAs targeting CLCP1, and found two siRNA sites
(siCLCP1-2 and siCLCPI-3) that were able to effec-
tively knock down CLCP1 expression in 293T cells
co-transfected with a CLCP1 expression vector and an
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Figure 1 CLCPI expression and establishment of LNM35-RNAi
clones. (a} Immunoblotting of CLCP1-RNAI transfectants. RNAi
plasmid vectors were constructed by insertion of the Hl promoter
§’ upstream of the CMV promoter driving a neomycin-resistant
gene (pH1-RNA ncomycin). CLCP$-RNAI sites were designed at
1196-1214nt and 1935-1953 nt of CLCP! ORFs for siCLCP1-2
and siCLCPI1-3, respectively. A blast homology search did not
indicate any strong homology for these RNA sites. 293T cells were
transfected with each RNAi-vector along with the HA-tagged
CLCP1 expression vector (Koshikawa et af., 2002). A control
RNAI construct for the GFP gene, siGFP, was also used. Notc the
significant reduction of expression of CLCPI1 protein observed with
siCLCP1-2 and siCLCPi-3. (b) Northern blotting of stable
LNM35-RNAi clones. LNM35 was transfected with siCLCP1-3
RNAIi constructs and selected with neomycin (I mg/ml) for 2
weeks. The expression of endogenous CLCP! transcripts was
almost undetectable in the LNM35 siCLCP1--3 clones (nos. 3, 9
and 42), whereas the high level of expression of CLCP! was not
affected in control clones that received the siGFP construct. Note
the significant difference in CLCPI expression level between
LNM235 and the parcatat line N15.

siRNA vector (Figure 1a). To determine whether these
findings were associated with decreased cell growth and/
or motility of LNM35, we established stable LNM35
transfectant clones. Northern blotting (Figure 1b) re-
vealed that the expression level of CLCP/ in siCLCP1-3
clones nos. 3, 9 and 42 was significantly reduced to the
level of the parental subclone of NCI-H460, N15,
whereas CLCPJ expression was not affected in control
siGreen fluorescent protein (siGFP) clones (Supplemen-
tary Figure 3). Thereafter, these three siCLCP1-3 clones
were employed for further biological analyses.

Cell growth rate was studied and the growth rates of
the siCLCP1-3 clones were quite similar to those of
siGFP clones (Figure 2a), suggesting that CLCPI
expression is not involved in the regulation of cell
growth in LNM35 cells. However, motility was sig-
nificantly decreased in the siCLCP1-3 clones, whereas
the siGFP clones retained high motility (Figure 2b and
c), implying that CLCP1 has an effect to enhance cell
migration.
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Figure 2 Ccll proliferation and motility of LNM35 RNAI clones.
(a) Cell proliferation assay. Stable clones were plated at § x 10* per
dish in RPMII640 medium with 5% fctal bovine scrum and
ncomycin, then ccll numbers were counted cach day with a Z}
Coulter Counter (Beckman Coulter, Fullerton, CA, USA). The
growth rates of the siCLCP1-3 clones were quite similar to thosc of
the control siGFP clones, (b, ¢) in vitro motility assay. Motility
of the RNAi clones was studied using transwell chambers, as
described  previously (Kozaki er af., 200i) and found to be
significantly decreased in all three siCLCP1-3 clones (white bars),
whereas the siGFP clones (hatched bars) retained their high levels
of motility. {¢) A number of migrated cells were observed among
the LNM35 celis by Giemsa staining, whereas there were very
few N15 or siCLCPI cells ( x 40 magnification). The smalt dots
represent 8 pm-sized transwel) chamber pores.

LNM35 N15

Concurrently with the above analyses, we searched for
cell surface molecules specific to LNM35 using a phage
display method in order to identify the molecular
mechanisms of the high motility/invasion ability of
LNM35. One of the peptides enriched with this method
was SAYIPDS, whose sequence was nearly identical to
that of SAYIPES within the SEMA4B gene (Figure 3a).
This domain is known to be crucial for interactions with
other proteins. CLCPl has structural similarities to
neuropilins, which function as cell surface receptors for
semaphorins, thercfore, we speculated that the selected
peptide and SEMA4B might interact with CLCP1. We
comparcd the interactions of the phage with LNM35 ¢high
CLCPI expression) and NI1S (low CLCP1 expression).
When cells were incubated with the phage displaying the
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Figure 3 CLCP1 intcracts with SEMAG4B. (a) Jn vitro sclection of LNM35 cells using a phage display library (PhD-7 Phage Display
Peptide Library, New England Biolabs, Ipswich, MA, USA). For each selection, 1-2 x 10" PFU of phage particles were overlaid on
LNM35 celis. After incubation and washing, attached phages were cluted with acid elution buffer (acid-associated fraction (AAF)).
Tightly associated phages were also recovered after coll lysis (cell-associated fraction (CAF)). The phages were amplified following
infection with bacteria and rounds of incubation-elution-amplification were repeated. Seven of the cight AAF phage clones sequenced
after four rounds of selection contained the SAYIPDS peptide, which was nearly identical to the sequence SAYIPES within the
SEMA4B gene. CAF phage resuits indicated the sequence of a hypothetical protein FL§12634. (b) Immunofiuorescence of phages
attached to LNM35. Both LNM35 (with high CLCPI expression) and N135 (with low CLCP1 expression) cells were incubated with
phages displaying the SAYIPDS peptide. After washing and fixation, cell-attached phages were immuno-stained with the monoclonal
antibody against M13 procoat protein (GE Healthcare Bio-Science, Piscataway, NJ, USA) and Alexa488-conjugated anti-mouse [gG
{(Invitrogen, Carlsbad, CA, USA). Note the stronger binding of the SAYIPDS phage with LNM33 as compared to that with N15. (¢, d)
Co-immunoprecipitation of CLCP1 with SEMA4B. The SEMA4B cDNA clone, KIAA1745, was kindly provided by Kazusa DNA
Research Institute. For the SEMA4B-myc expression construct, the SEMA4B ORF was introduced into pcDNA3 (Invitrogen)
together with myc-tag at its C-terminus. For the SEMA4B-Fc-myc construct, a 1720-bp Sacll-BamHI (ragment of KIAAL745
containing only the Scma domain was fused to the cDNA of the human IgG1 Fc portion in the pcDNA vector with an myc-tag at the
C-terminus of the Fe portion. SEMA4B-myc or SEMA4B-Fc-myc was co-transfected with CLCPI-HA into 293T celis, and the
generated proteins were immunoprecipitated with mouse monoclonal anti-myc-tag antibody 9E10. Immunoblots of these precipitates
with rabbit anti-HA antibodies clearly demonstrated co-immunoprecipitation of CLCP1 with SEMA4B protcins. (¢} Immuno-
fluorescence of SEMA4B and CLCP1. The A549 lung cancer cell line was transfected with SEMA4B-myc and CLCP1-HA expression
vectors, then stained with Alexa Fluor dye-labeled secondary antibodies (Invitrogen) after MG-132 treatment, as performed in Figure
4b and c. Observation with a confocal microscope (Olympus, Tokyo, Japan) showed both CLCP1 and SEMA4B to be mainly localized
on the cell surface membrane, with colocalization clearly observed in merged images.
Oncogene
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SAYIPDS peptide and then immuno-stained with the anti-

M13 antibody against the phage particle, LNM35 staining -

was more intense than that of N15 (Figure 3b). Next, the
indicated interaction between CLCP1 and SEMA4B was
studied using an myc-tagged full-length SEMA4B con-
struct, as well as an myc-tagged SEMA4B-Fc fusion
construct consisting of thc SEMA4B Sema domain and
immunoglobulin (Ig)G Fc portion. After co-transfection
with hemagglutinin (HA)-CLCP] into 293T cells, anti-HA
immunoblotting of anti-myc immunoprecipitates clearly
demonstrated co-precipitation of CLCP1 with SEMA4B
or SEMA4B-Fc (Figure 3d). Further, colocalization of
CLCP1 and SEMA4B proteins on ccll surface membranes
was demonstrated by immunofluorescence analysis
(Figure 3e).

HA-tagged CLCPI demonstrated two sizes, 130 and
110kDa, which were both larger than the predicted
molecular mass of 80kDa. We previously speculated
that post-translational modifications such as glycosyla-
tion might account for this discrepancy (Koshikawa
et al., 2002), as is the case with most transmembrane
proteins. To confirm this, 293T cells were transfected
with HA-CLCP! and then treated with tunicamycin,
which blocks the first step in the biosynthesis of N-
linked oligosaccharides. Tunicamycin treatment reduced
the amounts of both the 130- and 110-kDa bands in
a dose-dependent manner. Simultaneously, a novel
80-kDa band appeared (Figure 4a), indicating that
CLCP1 protein is indeed post-translationally modified
by glycosylation, resulting in 130- and 110-kDa-sized
proteins, which might be properly processed into
transmembrane proteins.

We found that the intensity of the CLCPI protein
band was significantly weaker after CLCP1-SEMA4B
co-transfection as compared to with CLCP1 transfec-
tion alone (Figure 4b), and subsequently attempted to
determine whether SEMA4B causcd degradation of
CLCP1 protein in a proteasome-dependent manner.
When 293T cells were transfected with CLCP]1 and/
or SEMA4B, and then treated with MG-132, a speci-
fic inhibitor of protcasomes, anti-HA immunoblots
indicated an increased intensity of both the 130- and
110-kDa bands in the CLCPI transfectants (Figure 4b,
lanes 3 and 4), suggesting that CLCPl alone was
originally regulated by proteasome degradation. How-
ever, CLCP1-SEMA4B and CLCPI-SEMA4B-Fc co-
transfection were both associated with a significantly
reduced intensity of the largest band (130kDa)
(Figure 4b, lanes 5 and 7). Similarly, MG-132 treatment
enhanced the intensity of the 110-kDa band (Figure 4b,
lanes 4, 6 and 8). However, the 130-kDa band was only
moderately restored with CLCPI-SEMAJ4B co-trans-
fection (Figure 4b, lane 6) and not recovered at all with
CLCP1-SEMA4B-Fc co-transfection (Figure 4b, lane
8). In Figure 4c, the size of the co-immunoprecipitated
CLCPI isoform was compared with that of CLCPI
proteins in celf lysates derived from transfectants treated
with or without MG-132 or another proteasome
inhibitor, lactacystin, which was effective for a Smad4
mutant (Yanagisawa et al., 2000) (Supplementary
Figures 1 and 2). The main co-precipitated CLCPI
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isoform appeared to be a 110-kDa isoform, even in
samples treated with proteasome inhibitors. These
findings suggest that the degradation of the 130-kDa
band induced by SEMA4B proteins may be too severe
to be inhibited by the applied concentration of MG-132.
Nevertheless, even with higher concentrations of protea-
some inhibitors, full restoration of the 130-kDa band
was not obtained (Supplementary Figure 2), suggesting
that the interactions with SEMA4B proteins, especially
SEMAA4B-Fc, may not only induce degradation, but
also affect full glycosylation of CLCPI. We also
examined the ubiquitination status of CLCP1 using
P4D1 monoclonal antibodies that recognize both
monoUb and polyUb (Figure 4d). Although ubiquiti-
nated CLCP1 was readily detected in cells co-transfected
with the empty vector (Figure 4d, lane 4), the
ubiquitination of CLCPl was significantly increased
following co-transfection with SEMA4B (Figure 4d,
lane 6). These results suggest that CLCP1-SEMA4B
interactions induce significant degradation of CLCP}
proteins, especially 130-kDa fully-glycosylated CLCP1.

This present results indicated that the neuropilin-like
protein CLCPI is upregulated in highly metastatic lung
cancer cells and may promote cell motility, possibly
resulting in promotion of metastasis. We also found that
SEMAG4B is a possible ligand of CLCPI, as CLCPI-
SEMAA4B interaction caused CLCP1 degradation.
CLCP1/ESDN was also reported to be cxpressed by
vascular smooth muscle cells, as weil as upregulated by
platelet-derived growth factor-BB stimulation and
vascular injury, suggesting that it modulates growth-
promoting signals (Kobuke et al, 2001). Class III
semaphorins interact with neuropilins through binding
of their Sema and CUB or FV/VIII domains, respec-
tively. Although the interaction domains of CLCP! and
SEMAA4B have yet to be determined, it is conceivable
that the Sema domain of SEMA4B interacts with CUB
and FV/VIIl domains of CLCPIl. The fact that the
sequence within the Sema domain was enriched with the
phage display selection in LNM35 expressing CLCP1
provides support for this speculation.

Cell migration is a multistep process that includes
leading edge protrusion, focal contact formation and
actomyosin-dependent cell contraction, and also in-
volves small guanosine triphosphatase (GTPase) and
integrins. Small GTPases, including Rho, Rac and
Cdc42, control cell motility by regulating actin and
microtubule dynamics (Friedl and Wolf, 2003). Sema-
phorins and ncuropilins make protein complexes with
plexins, which regulate the activities of small GTPases
through interactions with these small GTPases and Rho-
guanine nucleotide exchange factor (Kruger ef af., 2005).
In addition, a recent report showed that Sema4D-plexin-
Bl interaction downregulates R-Ras activity through
the endogenous GTPase-activating protein activity of
plexin-B1, resulting in inhibition of focal contact
mediated by integrins (Oinuma et al., 2004). Thercfore,
to understand the molecular mechanisms underlying the
regujation of cell motility by CLCP1, it is important to
clarify whether CLCPI signaling has any effects on the
activities of these small GTPases and integrins.
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Figure 4 Post-translational modification of CLCP1 protein. (a) N-glycosylation of CLCPI. 293T celis were transfected with the
CLCPI-HA vector and then treated with an N-linked glycosylation inhibitor, tunicamycin (Wako Pure Chemical Industries Ltd.,
Osaka, Japan), for 24 h at the indicated concentrations. Reductions in the amounts of both the 130- and 110-kDa bands resulted, with
simultancous appearance of a novel 90-kDa band similar to the predicted size in a dose-dependent manner. (b) Degradation of CLCP1
protein. 293T cells were transfected with CLCP{-HA, SEMA4B-myc andfor SEMA4B-Fc-myc, then treated with a proteasome
inhibitor, MG-132 (SIGMA-ALDRICH, St Louis, MO, USA), at 10uM for 24h. The expression levels of CLCP1 and SEMA4B
proteins were then investigated using anti-HA and anti-myc antibodies. Without MG-132 treatment, the CLCP! protein band was
significantly weaker after CLCP1/SEMAA4B or CLCP1/SEMAJ4B-Fc co-transfection (lanes 5, 7) than with CLCP! transfection alone
(lanc 3). MG-132 treatment enhanced the intensity of the CLCP} protein band in co-transfections (lanes 6, 8) and also with CLCPi
transfection alone (lane 4). Proteasome-dependent degradations of SEMA4B protcins were also observed. (¢} Analysis of the co-
immunoprecipitated isoform of CLCP1. Immunoprecipitation and immunobiotting of CLCP1/SEMA4B and CLCPI/SEMA4B-Fc
co-transfected cells were conducted, the same as in Figure 3d. Transfected cells were treated with MG-132 (10 uM) or another
proteasome inhibitor, lactacystin (15 uM, Wako Pure Chemical Industrics Ltd.). Immunoprecipitated proteins (lanc i, 2) were run with
cell lysates before immunoprecipitation (lane 3, 4). The main immunoprecipitated CLCPI isoform appeared to be the same 110-kDa
isoform noted in (a). (d) Ubiquitination of CLCPL. As in (b), 293T cells were transfected and treated with MG-132. Then, CLCP1
protein was immunoprecipitated with the anti-HA antibody and analysed with the anti-ubiquitin antibody, P4D1 (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA). Ubiquitination of CLCP1 was readily detected following transfection of CLCPI alone
(lane 4) and significantly increased by co-transfection with SEMAA4B (lanc 6).

In a previous study, SEMA3A inhibited the migration ~ was upregulated in LNM33 cells and contributed to
and spread of a breast cancer cell line, MDA-MB-231, their highly metastatic characteristics (Kozaki et al,,
which expresses neuropilin-1 and plexin-Al, whereas  2000). We found that nimesulide, a COX-2 inhibitor,
another ligand of neuropilin-1, VEGF 45, was shown to  repressed CLCPI mRNA levels, suggesting a functional
compete with SEMA3A and abrogate its inhibitory  association between COX-2 activation and CLCP!
effect (Bachelder et al., 2003). CLCP1 may also interact ~ overexpression in LNM35 cells.
with other ligand molecules, which might regulate cell SEMA3B and SEMA3F, which are localized at the
motility in competition with SEMA4B. In the present  3p21.3 locus, are {requently deleted in lung cancers and
study, we also examined the involvement of cyclooxy-  have been found to suppress tumor cell proliferation
genasc 2 (COX-2) in CLCPI expression (Supplementary  (Tse et al., 2002; Xiang et al., 2002; Castro-Rivera et al.,
Figure 4), because a previous study showed that COX-2  2004). In contrast, class IV semaphorins do not show
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such a tumor suppressor function, whereas Semad4D was
originally reported to promote B-cell survival and T-cell
activation. Another study showed that Sema4D induces
angiogenesis, which was mediated by the coupling of its
high-affinity receptor plexin-Bl with the Met tyrosine
kinase (Conrotto ef al., 2005). In addition, class IV
semaphorins frequently have PDZ {PSD (postsynaptic
density protein) 95, DlgA (Discs large A), and ZO
(zonula occludens) 1)} domain-binding motifs at their
C-termini, through which they may function as recep-
tors by mediating signal transfers through their intra-
cellular domains. SEMA4B, 4C and 4F have been
shown 1o interact with the PDZ domains of PSD-95
(Inagaki ez al., 2001; Burkhardt ef al., 2005), whereas
SEMAA4D was found to associate with CD45 protein
tyrosine phosphatase (Herold et al., 1996). Therefore,
SEMA4B might function as a CLCPl receptor.
Sema3A-neuropilin interactions induce neuropilin-1
endocytosis, which is mediated by L1-CAM (Fournier
et al., 2000; Castellani et al, 2004), which in turn
modulates growth cone sensitivity to semaphorin re-
pulsion signals. CLCP1 degradation after CLCPl1-
SEMAG4B interaction may indicate an induction of
CLCP] endocytosis by SEMA4B.

In conclusion, the present results indicate that
CLCP1 and its interactions with ligands including
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SEMA4B may become molecular targets for thera-
peutic inhibition of metastasis. In addition 1o CLCP1-
siRNA, the suppression of CLCP! functions with
dominant-negative CLCPl or negatively regulating
ligands might inhibit in vitro motility and, consequently,
in vivo metastasis of cancer cells. Fine mapping of the
interacting regions between CLCP1 and SEMA4B may
indicate concrete molecular targets. Although a full
understanding of the biological roles of CLCP1 and
SEMAA4B remains to be achieved, further investigations
of CLCPI functions should provide novel and uscful
strategies to improve the clinical prognhosis of lung
cancer patients by facilitating the suppression of
metastasis.
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Clinical Trials Across

Continents:

Drug Development Challenges
Regarding International Collaborations

By Nagahiro Saijo, MD, PhD

Overview: A key consideration for global drug develop-
ment and registration invoives the acceptability of foreign
clinical data in the different regions. Transcontinental trials
could be possible if the clinical trials were done based on
the same regulational standard against populations with

HE CANCER burden in developed countries and

resource-poor countries is sure to grow for three
reasons. First, populations are rapidly increasing world-
wide, especially in the majority of poor countries. Second,
the elderly proportion is growing in most countries, and
third, the incidence and mortality of cancers associated
with smoking, diet, and obesity, have been increasing.
Despite efforts at early detection and early surgery and
radiotherapy, progress in the treatment of such cancers
has been very slow, making the development of new
anticancer drugs an extremely important and urgent issue
to decrease cancer-related deaths worldwide. Resources
are so limited that clinical trials need to be conducted as
efficiently as possible, and one effort in that direction has
been to conduct clinical trials on more than one continent
to obtain adequate sample sizes in a short time. Antican-
cer drug development is a complex process that involves
an interplay between industry, academia, government
regulatory agencies, patient advocacy groups, and other
stakeholders. The goal of anticancer drug development is
to simultaneously launch new drugs on the market world-
wide. Despite International Conference on Harmonisation
(ICH) guideline G5 and the introduction of the bridging
strategy, there are major gaps in the dates anticancer
drugs become available on the market in different coun-
tries, and they do not seem to have dramatieally improved.

PROBLEMS IN GLOBAL
TRIALS OF ANTICANCER DRUGS

Factors in the complexity of global studies are differ-
ences between countries in medical practice, culture, eth-
nicity, and regulatory policies. The advantages of global
development are shorter time for drug development; ear-
Yer introduction of new drugs and earlier availability to
patients; cost reduction; and reduction in unnecessary
exposure of patients to new drugs. The risks of global
development are an increase in early-phase clinical trials
of many compounds that may fail and may not proceed;
low data quality; uncertainty of the acceptability of for-
eign data; and late-phase clinical trial failure because of

. unknown ethnic differences in response to the developing
compounds.

Factors for success include strategies for global devel-
opment and each country’s development; global team
behavior; cultural awareness and communications; and
operational delivery. The leader of each global product
team should be the worldwide product leader, and each

acceptable ethnic differences. The problems of global drug
development are discussed with special stress on pharma-
codynamic and pharmacogenomic differences between
white and Asian populations.

couniry’s leader should provide necessary strategic input
into global teams, '

The essential factors for team behaviors depend on
trust, face-to-face contact, regular communications, open,
honest discussion, and ability to challenge.

Factors for the success of global trials include coinci-
dence of strategy for global and local development, the
operating team, behaviors, cultural awareness and com-
munications, and power for operational delivery. Ambig-
uous situations should be avoided by establishing formal
rules and procedures. Operational delivery should be
transparent, and mutual problems should be shared by
global and local investigators. Regular contact by tele-
phone is extremely important. A clear framework and
decision making should be made for empowerment for
delivery.

Although ICH good clinical practice (GCP) regulations
have been distributed to major countries, there are still
minor differences between ICH-GCP and local GCP. The
requirements are different from local regulatory agencies
on preclinical data before initiate clinical trials. Investi-
gators’ and patients’ understanding of the importance of
clinical trials differs by country. The infrastructure for
clinical trials, such as the numbers of well-trained inves-
tigators and clinical research coordinators are sometimes
inadequate, and sometimes there is poor information
technology support and training in institutions. The pro-
cess of applying for permission to conduct a clinical trial
and institutional board review differ by institution and
are sometimes complicated. English skills sometimes are
very poor, and some investigators and institutions cannot
accept English documents.

ETHNIC DIFFERENCES

It will be extremely difficult to conduct trials across
continents if there are ethnic differences in pharmacoki-
netics, pharmacodynamics, pharmacogenetics, and phar-
macogenomics. Ethnic differences have been clearly
demonstrated in regard to only a few anticancer drugs,
and progress in pharmacogenomic studies has led to the
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jdentification of some of the mechanisms responsible for
the ethnic differences.

EPIDERMAL GROWTH FACTOR
RECEPTOR TYROSINE KINASE INHIBITOR

A phase I Japanese trial of gefitinib revealed five
dramatic responders, and the response rate among the 36
patients accrued to the phase’] trial was more than 25%.
Subsequent global phase II trials, such as Iressa Dose
Evaluation in Advanced Lung Cancer (IDEAL) I and
IDEAL II, have yielded a higher response rate in a
Japanese population (28%) than in a white population
(10%).%% In April 2004, extremely important data were
reported suggesting that epidermal growth factor receptor
(EGFR) mutations, especially deletion of exon 19 and the
point mutation of exon 21, determine sensitivity to EGFR
tyrosine kinase inhibitors (TKIs), such as gefitinib and
erlotinib.®# The frequency of EGFR mutations has been
found to be significantly higher in Asian populations,
including Japanese, than in whites (82% vs. 6%). This
difference may explain the difference in response rate to
EGFR TKIs. The frequency of EGFR mutations also
correlated well with clinical factors, such as female sex,
nonsmoker, and adenocarcinoma, which are closely re-
lated to the response to EGFR TKI1.56 The results of the
global Iressa Survival Evaluation in Lung Cancer (ISEL)
and National Cancer Institute of Canada Clinical Trials
Group BR-21 studies also suggest ethnic differences in
sensitivity to EGFR TKI.

The ISEL study is a large randomized controlled trial of
gefitinib in patients at 210 centers across 28 countries,
and the difference between survival time was not statis-
tically significant difference (hazard ratio {HR] = 0.89;
p = 0.087) between the gefitinib group and placebo group.
However, there was a very clear difference in survival
between two groups in the Asian population (HR = 0.66;
p = 0.012), although it consisted of only 342 patients,
whereas the survival curves of the gefitinib group and
placebo group in the pon-Asian population (HR = 0.99;
p = 0.364) of 1,350 patients were superimposable. In the
BR-21 study of erlotinib, the HR for overall survival in the
Asian group (0.61) was significantly smaller than in the
white group (0.79).7 These results strongly suggest that
EGFR TKIs are different drugs between Asian and whites
indicating that different clinical trials of EGFR TKIs
should be scheduled based on ethnic differences. Astra
Zeneca has instituted the Iressa Pan Asian Study into
Asian populations alone. Many global clinical trials have
been initiated in Asian countries, including Japan, Korea,
China, Taiwan, Singapore, and Thailand. The accrual
spread is generally good. If the trials are limited to Asian
countries, pharmacogenomic ethnic differences are
thought to be small, if they exist at all.

COMMON ARM ANALYSIS

Two common analyses of paclitazel/carboplatin therapy
in advanced non-small cell lung cancer (NSCLC) were
presented in American Society of Clinical Oncology An-
nual Meetings in 2004 and 2006.3® The purpose of these

NAGAHIRO SALO

analyses was to evaluate whether the results of cancer
clinical trials conducted in Japan can be directly extrapo-
lated to U.S. populations. Potential differences that may
influence the results include trial design and conduct, study-
specific criteria, patient demographics, and population-based
pharmacogenomics. The purpose of common arm analysis
is to demonstrate similarities and differences in patient
characteristics and outcomes of the same treatment regi-
men in Japanese and United States trials in advanced-
stage NSCLC, to provide a basis for standardization of
study design/conduct, to facilitate interpretation of future
trials, and to take the first step toward joint National
Cancer Institute-sponsored studies in lung cancer be-
tween the two countries.

The trials chosen for this analysis were the Four-Arm
Cooperative Study (FACS),’° Japan Multicenter Trial
Organization (JMTO), and Southwest Oncology Group
(SWOG) lung programs.!* The conditions for selection
were separate phase III trials, but with an identical
common treatment regimen in each, prospective design
and conduct, common eligibility and staging, and common
response and toxicity criteria. SWOG 0003 was a phase ITI
trial of paclitaxel (225 mg/m?) and carboplatin (area under
the time-concentration curve [AUC] = 6) with or without
tirapazamine in advanced NSCLC. The FACS trial com-
pared four arms: irinotecan and cisplatin (reference regi-
men), paclitaze] (200 mg/m?) and carboplatin (AUC = 6),
gemcitabine and cisplatin, and vinorelbine and cisplatin.
The JMTO trial was a phase III trial comparing paclitaxel
(225 mg/m?) and carboplatin (AUC = 6) with gemcitabine/
vinorelbine followed by docetaxel. In each trial paclitazel
and carboplatin was administered every 3 weeks. Patients
were evenly distributed between arms in regard to age,
sex, stage, and histology.

Treatment delivery consisted of a median number of
cycles of three, four, and four in the FACS trial, 50003
trial, and JMTO trial, respectively, and the percentage of
patients who received more than three cycles was signif-
icantly lower in the FACS trial than in the S0003 trial.
The JMTO LC00-03 trial whose frequency dose was
reduced was significantly higher than in the S0003 trial,
although the percentage of patients who received more
than three cycles was the same. The frequencies of grade
4 neutropenia and febrile neutropenia in the toxicity
analysis were significantly higher in the FACS trial and
L.C00-083 trial than in the S0003 trial, but grade 3 to 4
neuropathy was more frequent in the S0003 trial and
LC00-03 trial than in the FACS trial. The response rates
in the three trials ranged from 32% to 36% and were
almost the same. Progression-free survival time, median
survival time, and 1-year survival rates were significantly
better in the Japanese trials than in the S0003 trial. This
common arm analysis shows great similarities in patient
characteristics in the FACS, 1L.C00-03 trial, and S0003
trial. The differences in toxicities may be due to differences
in cumulative paclitaxel dose (neuropathy) and/or population-
based pharmacogenomics (increased neutropenia and
febrile neutropenia in the FACS trial despite lower pacli-
taxel doses). Survival with paclitaxel/carboplatin was
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significantly better in the Japanese trials, although the
response rates were equivalent.

The findings discussed here suggest that possible phar-
macogenomic differences in drug disposition should be
carefully considered in clinical trials across continents.

Sample collection for a pharmacogenomic analysis

of taxanes has been completed in Japan. Single nucleotide
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polymorphism data for key enzyme/protein in the metab-
olism of taxanes have been obtained, and pharmacokinetics
and pharmacodynamics data have also been collected. Dif-
ferential analysis of the pharmacogenomics of the response
to taxanes in the United States and Japan may make it
possible to solve the problems of pharmacogenomic differ-
ences in clinical trials across continents.
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CYP2C8 haplotype structures and their influence on
pharmacokinetics of paclitaxel in a Japanese population
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Objective CYP2C8 is known to metabolize various drugs
including an anticancer drug paclitaxel. Although large
interindividual differences in CYP2C8 enzymatic activity
and several nonsynonymous variations were reported,
neither haplotype structures nor their associations with
pharmacokinetic parameters of paclitaxel were reported.

Methods Haplotype structures of the CYP2C8 gene were
inferred by an expectation-maximization based program
using 40 genetic variations detected in 437 Japanese
patients, which included cancer patients. Associations of
the haplotypes and paclitaxel pharmacokinetic parameters
were anailyzed for 199 paclitaxel-administered cancer
patients.

Results Relatively strong linkage disequilibriums were
observed throughout the CYP2C8 gene. We estimated 40
" haplotypes without an amino-acid change and nine
haplotypes with amino acid changes. The 40 haplotypes
were classified into six groups based on network analysis.
The patients with heterozygous */G group hapiotypes
harboring several intronic variations showed a 2.5-fold
higher median area under concentration~time curve of C3'-
p-hydroxy-paclitaxel and a 1.6-fold higher median value of
C3'-p-hydroxy-paclitaxel/paclitaxel area under concentra-
tion-time curve ratio than patients bearing no */G group
haplotypes (P<0.001 for both comparisons by Mann-
Whitney U-test). No statistically significant differences,
however, were observed between patients with and without
the *IG group (haplotypes) in clearance and area under

Introduction

Cytochrome P450s (CYPs) caralyze oxidative metabolism
of a wide variety of exogenous chemicals and endogenous
compounds. Human CYP2C subfamily consists of four
members, CYP2C18, CYP2C19, CYP2C9, and CYP2CS8,
all of which are located in tandem on chromosome
10923-24 io the order listed above [1]. CYP2CS8 is a

1744-6872 © 2007 Lippincott Williams & Witkins
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concentration~time curve of paclitaxel, area under con-
centration—-time curve of 6a-hydroxy-paclitaxe! and 6a-,
C3'-p-dihydroxy-paclitaxel, and area under concentration—
time curve ratio of 6u-hydroxy-paclitaxel/paclitaxel.

Conclusion CYP2C8*IG group haplotypes were asso-
ciated with increased area under concentration-time curve
of C3'-p-hydroxy-paclitaxel and area under concentration-
time curve ratio of C3'-p-hydroxy-paciitaxel/paclitaxel.
Thus, */G group haplotypes might be associated with
reduced CYP2C8 activity, possibly through its

reduced protein levels. Pharmacogenetics and Genomics
17:461-471 © 2007 Lippincott Williams & Wilkins.
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clinicatly important enzyme, which metabolizes various
drugs such as the anticancer drug paclitaxel (PTX), the
antiarrhythmic drug amiodarone, the insulin secretagogue
repaglinide, the HMG-CoA reductase inhibitor cerivas-
tatin, and the nonsteroidal antiinflammatory drug ibu-
profen [1]. This enzyme is also involved in the oxidation
of retinoids and fatty acids including arachidonic acid [1].
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Up to 38-fold interindividual variability has been reported
on PTX 6a-hydroxylation and rosiglitazone p-hydroxylation
and NMN-desmethylation by CYP2C8 [2,3). Effects of
CYP2C8 genetic polymorphisms on metabolic activities
have also been studied. Two polymorphisms first identified
were 805A>T (Ile269Phe, CYP2C8*2) and 416G >
A/1196A > G (Argt39Lys, Lys399Arg, CYP2C8*3). The *2
and *3 alleles were mainly found in Africans with 0,04-0,18
frequencies, and in Caucasians with 0.10-0.23 frequencies,
respectively [1]. Both alleles were associated with
decreased enzymatic activities for PTX 6a-hydroxylation
i vitro [4-6]. CYP2C8*4 allele (792C > G, I1e264Met) was
found in British Caucasians [6]. We found 475delA
(CYP2CE*5) in Japanese, and this allele leads to a frame
shift at codon 159 followed by a stop codon at residue 177
[7). We also found five additional polymorphisms
(CYP2CS*6 to *10) in Japanese {8]. Among them,
CYP2C§*7 (556C>T, Argl86X) and *& (556C> G,
Argl86Gly) are different nucleotide variations at the same
position. The former variation results in the stop codon,
and the fatter leads to an amino-acid substitution with a
markedly reduced hydroxylation activity to PTX i witre.
Recently, two additional variations, CYP2C8*%13 (669T > G,
[le223Met) and *74 (712G > C, Ala238Pro), have been
reported [9].

To date, a few reports have shown the impact of
CYP2C8*3 alleles on drug pharmacokinetics. The pre-
sence of *3 was associated with reduced clearance and
increasced area under concentration-time curve (AUC) of
(R)-ibuprofen [10}. In contrast, significanctly reduced
AUC and (.. of repaglinide were observed in the
paticats with heterozygous *3 but not in patients with
heterozygous *4 [11]. As for PTX, previous studics failed
to show the influence of CYP2C8 variations on PTX
pharmacokinetics [12,13].

Haplotypes, linked polymorphisms on the same chromo-
some, often show more precisc and strong association
with phenotypes such as adverse reaction and/or pharma-
cokinetics of drugs than individual polymorphisms {14].
In this study, we determined/inferred haplotype struc-
tures of the CYP2C8 gene using genetic polymorphisms
detected in 437 Japanese patients. Then, association
analysis was performed between the haplotypes and
pharmacokinetic parameters for PTX and its metabotites.
PTX is metabolized to form C3-p-hydroxy-PTX (3'-p-
OH-PTX) and 6a-hydroxy-PTX (6a-OH-PTX): both
mectabolites are further hydroxylated to 6a-,C3'-p-dihy-
droxy-PTX (diOH-PTX) [2,15,16]. CYP2C8 merabolizes
PTX and 3'-p-OH-PTX into 6a-OH-PTX and diOH-
PTX, respectively. Another enzyme, CYP3A4, metabo-
lizes PTX and 60-OH-PTX into 3'-p-OH-PTX and
diOH-PTX, respectively. Previously, we showed that a
CYP3A44 haplotype affected the pharmacokinetics of
these metabolites [9]. In this study, effects of CYP2CS
haplotypes on PTX metabolism were investigated.
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Materials and methods

Patients for DNA sequencing

A total of 437 Japanese patients (235 cancer patients
administered PTX, 106 arrhythmic patients, and 96
epileptic patients) participated in chis study. This
population included 54 patients, who were previously
used ¢to identify the CYP2C8*5 allele and four intronic
vartations {7], and seven patients with CYP2C8*6 to *10
(8], */3 and */4 alleles [9]. Written informed consent was
obtained from all participating patieats. The echical
review boards of the National Cancer Center, the
National Cardiovascular Center, the National Center of
Neurology and Psychiatry, and the National Institute of
Health Sciences approved this study.

Polymerase chain reaction conditions and DNA
sequencing

Genomic DNA was extracted from whole blood leuko-
cytes. Frst, the entire CYP2CS gene except for —8.8 and
- 1.9kb enhancer tegions was amplified in two portions
(from the promoter region to exon 5, and exons 6-9)
using the primer sets listed in the ‘first polymerase chain
reaction (PCR)’ section of Table 1. Amplification was
performed from 200 ng of genomic DNA using 1.25 units
of Z-T (Takara Bio. Inc., Shiga, Japan) with 0.2 pmol/l of
the primer sets. The first PCR conditions were 30 cycles
of 98°C for Ss, 55°C for 55, and 72°C for 190s. Then,
each exon (except for simultaneous amplificacion of exons
2 and 3) was amplified by Ex-Taq (1.25 units) with a set
of primers (0.2 umol/l} listed in the ‘second PCR’ section
of Table 1 (primers were designed in the intronic regions
or promotcr region). The second-round PCR conditions
were 94°C for 5min, followed by 30 cycles of 94°C for
30, 60°C for 1 min, and 72°C for Z min, and then a final
extension at 72°C for 7 min. As for the —8.8 and —1.9kb
enhancer regions, amplification was performed directly
from 50 ng of genomic DNA under the same condirtions as
in the second round PCR. Thereafter, the PCR products
were treated with a PCR Product Pre-Sequencing Kit
(USB Co., Cleveland, Ohio, USA) and directly sequenced
on both strands using an ABI BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems, Foster City, Cali-
fornia, USA) with the primers listed in the ‘Sequencing’
section of Table 1. For the —~8.8 and —1.9kb enhancer
regions, promoter region, exon 4, and exons 7-9, the
primer sets for the second PCR were also utilized for
sequencing. The excess dyc was removed by a DyeEx 96
kit {Qiagen, Hilden, Germany). The eluates were applicd
to an ABI Prism 3700 DNA Analyzer (Applied Biosys-
tems}. Al detected variations were confirmed by repeat-
ing the PCR from the genomic DNA and sequencing of
the newly generated PCR products. Genbank accession
number NT _030059.12 was used for the reference
sequence. Under conditions used, the —8.8 kb enhancer
region (pregnanex receptor/constitutive androstanc re-
cepror-binding site and its surrounding region), —1.9kb
enhancer region (glucocorticoid receptor-binding site and
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Table 1 Primers used for the sequencing of CYP2C8
Forward primer Reverse primer

Amplified and

sequenced Sequences Position Sequences Position Amplified

region (5'-3) at 5™-end® (5°~3) at 5-end®  length {bp)
First PCR Promoter to CTGTGGTGTAAGTGGTAATGAAC 15578686 AAAAGCCCTGAGAACCTATAATC 15563106 15681

exon 5

Exons 6-9 TAAGTATTTGTCCCAGTGCICTC 15562092 TAGCAACTATACAAGCACGGG 15544271 17822
Second PCR -88kb CCCAAAAAAGAGCAGGTGTAGCCAT 15586590 TTACTGTCTGTCAAGTGGACCTATC 15586278 312

-18kb CTGACCCACATTTTACTCAACTG 15579731  CCCAGTTTAGAGAGGAGAAAGTTIAG 15579471 261

Promoter GTCCTGTTICTCCCAGAGTTTC 16578600 TCTCCAGAGTGAAAAGAGAAGC 16577623 978

Exon 1 TCATAAATTCCCAACTGGTC 15578062 GAGCTTGCAGTGAGTGGAGA 155677279 784

Exons 2-3 TGCIGAATGTGTTGAAGTGAGG 15576234 CTCCCTIGTCTCTGTGCTTC 15575334 201

Exon 4 AGGCAGTGGATGTGAATAACC 15573481 TCTGTACCTAAAGATTGGAGGCTG 15572897 585

Exon & TCTCAGCATACTATCACAAGGAC 15567211  TAAGGGCTATGTCAATGTGC 15566208 1004

Exon 6 ACTAACCTAAGCAGCGAATGA 15554467 TTITCATCTCCCCACCACAGCATT 15553696 772

Exon 7 GGCTGGTTGTACTTCTGGAC 15551500 AATAGCAGAAAGTCCATCAAGC 16551034 467

Exon 8 GAAGTGATGAAATAGAGCGGCAA 15547620 TAGTGGCAGAGTTCAGTCAAACC 15546922 699

Exon 9 TGGGAATAAATAAAGAAATGACTG 15545899 GTCAGCATTAGAAAAGTATTAGCA 16545166 734
Sequencing® Exon 1 CAGTGTTTCTCCATCATCACAGC 15577888 TTCAGAGGGAGTATTTTGCTTT 16577388

Exon 2 CATCACAGGCCATCTATAAGTGG 15576165 CCCCCTCACCCCAGTTACC 15575764

Exon 3 GGTAACTGGGGTGAGGGGG 15575782 CTCCCTTGTCTCTGTGCTIC 15575334

Exon 5 GGAACATTACACACTGGGGT 15567115  ATTATTTTTATTTCAAGAAGAGGG 15566396

Exon 6 ACTAACCTAAGCAGCGAATGA 15554467 TCTCTGTCATCCTCCTCCATT 15553904

*Primer sets for the second PCR were used for the - 8.8kb, ~ 1.9 kb, promoter, exons 4, 7, B and 8.

®The position in the reference sequence, NT_030059.12.

its surrounding region), promoter region {up to 890 bases
upstream of the translational initiation site, including
hepatocyte nuclear factor 4a-binding site) [17] and all
nine exons and its flanking introns were successfully
sequenced for all patients analyzed.

Linkage disequilibrium and haplotype analyses

Hardy-Weinberg equilibrium and linkage disequilibrium
(LD) analyses werc performed by SNPAlyze software
(version 3.1, Dynacom Co., Yokohama, Japan), and a pairwisc
LD between variations was obtained for the |2/| and rho
square (r?) values. Some haplotypes were unambiguously
determined from patients with homozygous variations at all
sites or a hererozygous variation at only one site. Separately,
diplotypes (a combination of haplotypes) were inferred by
LDSUPPORT software, which determines the posterior
probability distribution of the diplotype configuration for
each patient based on estimated haplotype frequencies [18].
Diplotypes of all patients were inferred with probabilitics
{certaintics) of more than 0.95 except for 18 patients.
Haplotypes without amino-acid changes were designated as
*1, and haplotypes with amino-acid changes were numbered
according to the assignments by the Human Cyrochrome
P450 (CYP) Allele Nomenclature Committee (4#p//
wwaw.cypalleles.bi.seleypc8.hm). The estimated haplotypes
(subrypes)} were tentatively shown with numbers plus small
alphabetical letters. The haplotypes (subtypes) already
assigned by the Committee were described as numbers
plus capital alphabetical letters (*/4, *IB, and *IC).
Network analysis was performed using haplotypes detected
in more than two patients with Network 4.1.1.2 by median-
joining algorithm (&71p./{fluxus-cngineering.comf) [19].
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Patients administered PTX and pharmacokinetic
analysis

Demographic data of 235 PTX-administered cancer
patients including their cligibility criteria were described
previously [9]. Of the 235 patients, 199 (185 nonsmall cell
lung cancer, four thymic carcinoma, four breast cancer, and
six other cancers) were treated with PTX ac doses of
175-210 mg/m?” (the high-dose group in the previous paper
{91) ar che National Cancer Center, and used for analysis of
associations between haplotypes and pharmacokinetic
parameters. These patients consisted of 139 men and 60
women with a mean age of 60.8 (range: 29-81) years. All
patients were naive to PTX and pretreated with dexa-
methasone and an antiallergic agent (diphenhydramine or
chlorpheniramine malcate) as prophylactics against hyper-
sensitivity reactions. Carboplatin or nedaplatin was coad-
ministered to almost all patients immediately after PTX
treatment. The ethical review boards of both the National
Cancer Center and the National Institute of Health
Sciences approved this study. Written informed consent
was obtained from all patients.

Mecthods for pharmacokinetic analysis were described
previously, and the parameters obtained previously were
used for the current association studies [9].

Statistical analysis for association studies

Differences in medians of pharmacokinetic parameters
were analyzed by the Kruskal-Wallis test or the
Mann-Whitney U-test. Statistical analysis was done using
Prism v.4.00 (GraphPad Software -Inc., San Diego,
California, USA) and SAS v.8.2 (SAS Institute Inc., Cary,
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North Carolina, USA). A significance lcvcl of 0.05 was
applied to all two-tailed analyses.

Results

CYP2C8 variations

We reported previously the CYP2C8 nonsynonymous varia-
tions, *5 (475delA, 1596X18) [7], *6 (511G > A, Gly171Ser),
*7 (556C>T, Argl186X), *§ (556C > G, Argl86Gly,) *
(740A > G, Lys247Arg), *10 (1149G > T, Lys383Asn) (8],
*13 (6691 > G, lle223Mer), and *14 (712G > C, Ala238Pro)
(9). These variations were, however, very rarc in the
Japanese, and it was rather difficult to perform statistical
evaluation on their in-vivo associations with altered function,
because of low frequencies [9]. Therefore, we coatinued
resequencing this gene including the promoter and intronic
regions for up to 437 patients. The enhancer regions were
also sequenced for 199 patients administered PTX. Table 2
summarizes the obrained data, where Genbank accession
number NT_030059.12 was utilized for the reference
sequence. Forty variations, including 11 novel ones, were
detected in 437 patients. Because we did not find any
significant differences in the gcnotypc distributions among
the three discase types (P = 0.05 by x? test or Fisher's exact
test), data from all patients were analyzed as one group. All
detected variations were found in Hardy-Weinberg equili-
brium (P > 0.05 by % test or Fisher’s exact test), except for
two polymorphisms IVS3-97delT and [VS3-21_—20insT.
These deviations were due to the occurrence of one extra
homozygote, and the existence of these homozygotes was
confirmed by ampilification of DNA by another set of primers
and resequencing (data not shown). The overall frequencies
of the previously reported nonsynonymous variations
CYP2CS*S5, *6, *7, *8, *9, *10, *12 (1382_1384del TTG,
del 461Val), */3, and */4 were 0.00Z, 0.002, 0.001, 0.001,
0.001, 0.001, 0.001, 0.001, and 0.001, respectively, and they
were all found as heterozygotes. We also detected
—271C> A (CYP2C8*1B) and -370T>G (*I0) ac fre-
quencies of 0.106 and 0.330, respectively. The frequency of
the *7C allele in Japanese is approximately 5.4-fold higher
than in Caucasians [6]. We did not detect any varation
in the functional hepatocyte nuclear factor 4o-binding site
(-155 o -~137 from the translational start site on
NT_030059.12) [17], and its surrounding region in 437
patients. Also no variation was found in pregnanex receptor/
constitutive androstane receptor-binding site (—-8807 to —
8788), glucocorticoid receptor-binding site (—~1930 to -
1910) [17], and their surrounding regions in 199 PTX-
administered patients.

Linkage disequilibrium analysis

Using the 15 detected polymorphisms greater than 0.03
in frequency, LD was analyzed for |D’| and #° values
(Fig. 1). |D’| values were more than 0.9 in 89 out of 105
(85%) combinations (Fig. I, lower left). For 2 values
(Fig. 1, upper right), strong LD (r* > 0.80) was observed
among  IVS2-64A>G, 1VS2-13_-12insT, IVS3
—166A > G, IVS4-150G > A, IVS4-94T > C, IVS6 -+ 196-
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G>A, IV87+49T>A, IVS8+106G>A, and 1497
(*24)C>T. These polymorphisms were also moderately
linked with —411T>C and -370T>G (* > 0.49).
Strong LD was also observed between IVS3-21T>A
and IVS4 + 151G > A (*=093), and both variations
were partially linked with IVS8-204A> G (2 > 0.57).
The 72 values of the other combinations were
below 0.33. Collectively, relatively strong LDs were
observed throughout the CYP2C8 gene, suggesting that
one LD block covers the entire region analyzed (approxi-
mately 33 kb). Thus, CYP2C8 haplotypes were analyzed as
one block.

Haplotype analysis

Haplotypes determined/inferred are shown in Fig. 2. The
haplotypes obtained in this study were tentatively shown
as a number plus small alphabetical letter except for the
haplotypes already publicized on the Human Cytochrome
P450 (CYP) Allele Nomenclature Committee website,
which are described as the number plus capital alphabe-
tical letter (*/4, *18, and *1C). Several haplotypes were
first unambiguously assigned by homozygous single
nucleotide polymorphisms at all sites (*/4-*If, */j, and
*Iw) or a heterozygous single nucleotide polymorphism at
only one site (*/4, *Im, *It, *Iz, *laa, and *8b).
Separately, diplotypes for each patient were inferred by
L.DSUPPORT software. The additionally inferred haplo-
types were 27 *1 subtypes (*lg, ¥4, *1/, *In to *Is, *[u,
*fv, and other very rare 17 haplotypes), and eight
haplotypes with nonsynonymous variations (*50, *4b,
*Tb, *9b, *10b, *12b, *13h, and *14b). The *7 subtypes
inferred in only one patient are grouped into ‘others’ in
Fig. 2, and haplotypes with nonsynonymous variations are
described with ‘7’ except for unambiguous *85, since the
predictability for these very rare haplotypes is known to
be low in some cases.- Overall, 49 haplotypes were
determined and/or inferred. The most frequent haplo-
type was */ (frequency: 0.366), followed by */e (0.289),
*If (0.113), and */B (0.085). Frequencies of the other
haplotypes were less than 0.05.

Next, we performed network analysis using haplotypes
found in more than two patieats to clarify the relation-
ships among the haplotypes. The results showed that the
*{ subtypes could be further classified into six groups,
*I4, *IB, *ID, *IE, *IG, and *IJ groups (Fig. 3). The
grouping of *7/ subtypes was also shown in Fig. 2. Their
frequencies were 0.435 (*/E group), 0.381 (*/D), 0.103
(*1B), 0.030 (*/G), 0.021 (*/4), and 0.013 (*1J). Five rare
unclassified */ subtypes were shown in “*7 others’.
Haplotypes *54 and *64 were shown to be derived from
*1d and *1B, respectively.

Effects of CYP2C8 haplotypes on PTX metabolism

CYP2C8 caralyzes biotransformation of PTX into 6a-OH-
PTX and of 3'-p-OH-PTX into diOH-PTX. The effects
of CYP2C8 haplotypes on PTX clearance, AUCs of PTX
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Linkage disequifibrium (LD) analysis of CYP2C8. Pairwise LD between
variations with > 3% frequencies is expressed as || (fower left) and

{upper right) by 10-graded blue colors. A denser color represents a
higher linkage.

and its metabolites, and metabolic ratios (ratios of
metabolite AUCs to PTX AUC) were investigated in
199 PTX-administered paticnts.

Because nonsynonymous variations were all rare, we
focused on the effects of diplotypes using grouped */
haplotypes (i.e. *14, *IB, erc). No significant differences
were observed in clearance of PTX, AUCs of PTX, 6u-
OH-PTX and diOH-PTX, and AUC ratio of 6a-OH-PTX/
PTX among the grouped */-diplotypes found in more
than three patients (data not shown). A statistically
significant deviation, however, was observed in AUC of 3'-
p-OH-PTX among the grouped */-diplotypes (# = 3)
(P = 0.014 by Kruskal-Wallis test) (Fig. 4a). Furthermore,
AUC ratio of 3'-p-OH-PTX/PTX also showed a tendency
to be different among the grouped *7-diplotypes of 7 > 3
by the same test (P=0.071) (Fig. 4b). Careful analysis
revealed that significant differences in both parameters
were observed between *ID/*ID and *IG/*ID patients
(P <0.05 for both parameters, Mann-Whitney U-test)
and between */E/*IE and *IG/*IE patients (£ <0.001
for AUC of 3'-p-OH-PTX and P < 0.01 for AUC ratio of
3-p-OH-PTX/PTX) (Fig. 4).

Next, heterozygous */G diplotypes were combined into
*{Gfnon-*IG diplotypes (7= 11). Because no significant
differences were observed among the other *//#7 groups,
all the other *J/*/ diplotypes were combined into one
group, designated as non-*IG/non-*IG. As shown in Fig, 5a,
the median AUC of 3'-p-OH-PTX was about 2.5-fold
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higher in the */Gf1on-*IG patients than in the non-*IG/
non-*IG patients (P <0.001 by Mann—-Whitney U-test).
The median value of ¥-p-OH-PTX/PTX AUC ratio was
also about 64% higher in the */G/non-*[G patients than in
the non-*IG/non-*IG patients (P <0.001, Fig. 5b). In
contrast, there were no significant differences in AUC of
60-OH-PTX and AUC ratio of 6a-OH-PTX/PTX be-
tween the two groups (Fig. 5¢ and d) although the AUC
ratio was about 9% lower in the */G/uon-*/G patients than
in the #on-*IG/non-*IG patients (Fig. 5d). Considering the
mctabolic route of PTX, these findings suggest that
CYP2C8 activity is probably reduced in the */G-bearing
patients.

Recently, we have shown that CYP344% 168 (and probably
*6¢,n = 1) decreascs the AUC ratio of 3'p-OH-PTX/PTX,
and that no other major CYP344 haplotypes significantly
affect the AUC ratio and other PK parameters analyzed
[9]. Thercfore, we analyzed the effects of */G on the
AUC of 3’-p-OH-PTX and AUC ratio of 3'-p-OH-PTX/
PTX cxcluding CYP344*16B- and *6-bearing patients
and confirmed the increasing effects of */G (P < 0.001 for
both by Mann-Whitney U-test). In addition, the
significantly increasing effects of CYPZCE*IG were also
observed within CYP3A4*14/*1A paticats (P < 0.001 for
AUC of 3'-p-OH-PTX and P < 0.01 for AUC ratio of 3’-p-
OH-PTX/PTX, Mann-Whitney U-test). Furthermore,
distributions of CYP344 diplotypes/haplotypes were not
significantly different between the CYP2C8*IGinon-*IG
patients and the non-*IG/non-*IG patients (P> 0.05 by
Fisher’s exact test). These results suggest that the
effects of CYP2G8*IG are independent of the CYP344
genotypes. Gender also affects the AUC ratio of 3'-p-OH-
PTX/PTX [9]. Statistical analysis using data from men
only also gave almost the same increasing effects of */G
(P <0.001 for the AUC of 3'-p-OH-PTX and P =0.001
for the AUC ratio of 3'-p-OH-PTX/PTX, Mann-Whitney
U-test).

To identify further the genetic variation responsible for
the increased AUC of 3'-p-OH-PTX and increased AUC
ratio of 3-p-OH-PTX/PTX, we next focused on the
variations in the */G group. Among them, the patients
bearing [VS3-21T > A showed statistically significant
increases in these parameters compared with the patients
without this variation (P <0.001 for both parameters,
Mann-Whitney U-test). The */¢ haplotype also harbored
IVS3-21T>A, and one paticnt with the */y*ld
diplotype (grouped into */D/*ID) had the second highest
AUC of 3-p-OH-PTX (1.07 h*ug/m!l) and the second
highest AUC ratio of 3'-p-OH-PTX/PTX (0.0497) in the
24 *ID/*ID patients (Fig. 4, grey arrowheads). These
findings suggest that IVS3-21T > A might be involved in
the altered CYP2C8 activity, although we cannot exclude
the possibility that other identified/unidentified linked
variation is causative.
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Network analysis of CYP2C8 haplotypes. Haplotypes found in at least two patients are shown. The areas of each circle represent the approximate
frequency of each haplotype. The *7 subgroups are enclosed by red lines.

Discussion

All nonsynonymous variations of CGYP2C8 found in
Japanese were rare (frequencies < 0.002), and thus we
could not apply statistical analysis for their associations
with pharmacokinetic parameters of PTX [9]. As shown
in Fig. 4b, the AUC ratio of 3'-p-OH-PTX/PTX of a
patient with heterozygous *56 haplotype (with 475delA,
159fsX18, no activity) was, however, the third highest
(2.8-fold higher than median value) in all 199 patiencs
analyzed. In addition, the patient with heterozygous *7%
(with 556C > T, Argl86X, no activity) had the lowest
AUC ratio of 60-OH-PTX/PTX (approximately one-fifth
of the median value) (data not shown). Thus, at least
some of the nonsynonymous CYP2C8 variations described
in this paper probably affect the PTX metabolism i vivo.
These rare variations, however, cannot fully explain the
interindividual differences in the CYP2C8 activity.
Therefore, we focused on the */ haplotypes without
amino-acid change. The estimated CYP2C8 */ haplotypes
could be classified into six haplotype groups (*/4, *IB,
*[D, *IE, *IG, and *IJ) based on network analysis, and
their effects on PTX metabolism were analyzed.

This study revealed that the AUC of 3'-p-OH-PTX and
AUC ratio of ¥-p-OH-PTX/PTX were increased in the
*IG-bearing patients. It must be noted that AUC of 3'-p-
OH-PTX was considerably increased (2.5-fold). The 3'-p-
OH-PTX is generated from PTX by CYP3A4 and
metabolized into diOH-PTX by CYP2C8. Thus, both
CYP2C8 and CYP3A4 activities can influence the AUC of
3'-p-OH-PTX. In the previous study [9], we have shown
that the CYP344*16B haplotype harboring 554C> G
(Thr185Ser), but not the other haplotypes, increases
the AUC ratio of 6a-OH-PTX/PTX and decreases the

AUC ratio of 3-p-OH-PTX/PTX with statistical signifi-
cance. In addition, gender difference was also shown to
affect bath AUC ratios [9].The association of CYP2CE*IG
group haplotypes with inereased AUC of 3'-p-OH-PTX
and AUC ratio of 3-p-OH-PTX/PTX, however, could not
be explained by the influence of CYP344*16B (and
theoretically null haplotype *d) or gender difference
since the same conclusions were obtained even if patients
with CYP344*16B and *6, or females were excluded.
Moreover, statistical analysis using data only from
CYP3A4*1A/*IA patients also gave almost the same

. effects of */G on the AUC of 3-p-OH-PTX and the
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AUC ratio of 3-p-OH-PTX/PTX, suggesting that the
effects of CYP2C8*IG are independent of the CYP344
genotypes or gender difference. Thus, the increased AUC
of 3-p-OH-PTX and AUC rartio of 3'-p-OH-PTX/PTX
can be atuibuted to CYP2CE*IG, suggesting reduced
CYP2C8 sactivity in patients with */G. Morcover, trans-
porters such as P-glycoprotcin encoded by the ABCBI
gene could contribute to the AUGCs of PTX and its
metabolites [20]. We reported previously that AUC of 3'-
P-OH-PTX was slightly increased in the patients bearing
*2 haplotype in block 2 of ABCBI (1236C>T,
2677G > T, and 3435C > T) [9]. When the frequencies
of the *2 haplotype were compared between the
CYP2C8*IG/non-*IG patients and the non-*IGfnon-*IG
patients, however, no statistically significant difference
was observed (P = 0.705 by x? test).

CYP2CS*IG group haplotypes harbors several variations,
which are all located in introns. Thus, the mechanism for
the increased AUC of 3'-p-OH-PTX and AUQC ratio of ¥'-
p-OH-PTX/PTX is not caused by an amino-acid change.
Among the variations in the */G group, [V83-21T>A



