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Prechn1cal and clinical studles of anticancer drug—mcorporated
- polymeric micelles
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Abstract

Tumour—targeted dehvery of therapeutic agents isa longstandmg pharmacologlcal goal to 1mprove selecnv1ty and Therapeuuc
Index. Most scientists have sought to use ‘active’ receptor—medmted tumour-targéting systems, however the ¢ passive’ targeting
afforded by the Enhanced Permeability and Retention (EPR) effects provides a versatile and non-saturable opportunity for
tumour-selective delivery. Polymeric micelles are ideally suited to exploit the EPR effect, and they Have been used for the
delivery of a range of anticancer drugs in prechmcal and clinical studies. Here 1 ovérview some of ‘thie more: 1mportant

approaches, assessing usefulness’ and seekmg to 1dennfy the most promrslng Ways to apply the phenomenon of passive )

targenng for 1mproved clinical outcome
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Preface'

Several problems of anncancer agents.are recogmzed
such as their low therapeuuc mdlces and - limited

efﬁcacy due to the nonselective nature of their

therapeutlc targets and the1r inability to accumulate
selecuvely in’cancer tissues. Therefore, 1t ‘would be
desirable to develop modalides by- Wthh _Cytotoxic
drugs can be selecnvely targeted to tumour txssues and
allowed to act effectively on only | the cancer cells in the
tumor. The role of drug dehvery systems (DDS) has
drawn attenuon in this context. DDS could be used
for active or passrve targeting of tumor tissues. The
foriner refers to the development of monoclonal
antibodies directed against tumour~related molecules
that allow targeting of the tumour, because of specific
binding between the anubody and its ‘antigen.
However, the apphcanon of DDS ‘using monocional
antibodies is restricted to tumours expressmg high
. lévels of related antigens.
About a quarter of a century ago, after trammg asa
surgeon, I started my career in the field of DDS under
the supervision of Prof. Maeda. We made intensive

efforts to ascertain the mechanism of accumulation

of macromolecules m sohd tumours Fmally, we
succeeded in pubhshmg ‘the first paper, in 1986, on
the enhanced permeability and fetention (EPR) eﬂ"ect
(Matsumura and Maeda 1986) Pass1ve targenng is
based on this EPR effect. The EPR effect is based on
the pathophyswlogmal charactensncs of solid tumour
tissues:. hypervasculanty, mcomplete vascular archi-
tecture, secreton of vascular permeablhty factors
stimulating extravasation’ Wlthm cancer . USsue, and
absence of effective lymphauc drainage from tumours -
that impedes the efficient clearance of macromol-
ecules accumulated in sohd tumour tissues. -

Several techniques to mammally use the EPR effect
have been developed, e.g. modification of drug
structures and development of drug carners Poly—
meric m1ce11e—based anticaricer drugs weére originally
developed by Prof. Kataoka et al. in late the 1980%s or
early 1990’ (Yokoyama et al. 1990; 1991a; b, .c;
Katdoka et al. 1993). Polymeric micelles were
expected to increase the accumulation of drugs in
tumour tissues utilizing ther EPR effect and to
incorporate various kinds of drugs into the inner
core by chemical conjugation or physical entrapment
with relatively high stability. The size of the micelles
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can be controlled within the diameter range of
20-100nm, to ensure that the micelles do not pass
through normal vessel walls; therefore, a reduced
incidence’ of the side effects of the drugs may be
expected due to the decreased volume of distribution.
" In this chapter, polymeric micelle systems for which
clinical trials are now underway are reviewed.

NK105, paclitaxel-incorporating m1cellar
nanopartlcle

Paclitaxel (PTX) is one of the most useful anticancer
agents known for various cancers; including ovarian,
breast and lung cancers (Carney 1996; Khayat et al.
- 2000). However, PTX has serious adverse effects, e.g.
neutropenia’ and peripheral sensory neuropathy.
In addition, anaphylaxis and other severe hypersénsi-
tive reactions have been reported to develop in 2—-4%

of patients receiving the drug even after premedication :
with antiallergic agents; these adverse reactions have .
been attributed to the mixture of Cremophor EL and -

ethanol which was used to solubilize PTX (Weiss et al.

'1990; Rowinsky and Donehower 2003). Of the .

adverse reactions, neutropeénia c¢an be prevented or

managed effectively by administering a granulocyte -
colony-stimulating factor. On the other hand, there .

‘are no efféctive therapies to prevent or reducé nerve

damage which is associated with peripheral neuro- -
pathy caused by PTX; therefore, neurotoxicity -

constitutes a significant dose-limiting toxicity (DLT)
of the drug ('Rowmsky et al. 1993, Wasserheit et al
1996) :

Preparanon and characterzzamon of NKI 05 .

To . construct -

polyaspartate described previously (Yokoyama et al.
1990; 1991a, b, c; Kataoka et al. 1993), were used.
PTX was incorporated into polymeric micelles formed
by physical entrapment utilizing hydrophobic inter-
actions between PTX and the block copolymer

polyaspartate chain. After screening of many candi- -

date substances, 4-phenyl-1-butanol was employed

PEG outer shell

block eopolymer
’-\./-_\/
PEG P(Asp)

® PTX

Hydrophobic inner core

Figure 1. Preparation and characterization of NKI105. The

micellar structure of NK105 PTX was incorporated into the inner

core of the micelle.

: NK105 mlcellar nanoparﬂcles .
(Figure 1), block copolymers consisting of polyethy- -
lene glycol (PEG) and polyaspartate, so-called PEG- -

for the chemical modification of the polyaspartate
block to increase its hydrophobicity. Treating with a
condensing agent, 1,3-diisopropylcarbodiimide, the
half of carboxyl groups on the polyaspartate were
esterified with 4-phenyl-1-butanol. Molecular weight
of the polymers was determined to be approximately
20,000, (PEG block: 12,000; modified polyaspartate

" block: 8000). NK105 was prepared by facilitating

the self-association of NK105 polymers and PTX.
NK105 was obtained as a freeze-dried formulation
and contained ca. 23% (w/w) of PTX, as determined
by reversed-phase liquid-chromatography using an
ODS column with mobile phase consisting of
acetonitrile and water (9:11, v/v) and detection of
ultraviolet absorbance at 227 nm. Finally, NK105, a

- PTX-incorporating polymeric micellar nanoparticle
- formulation with a single and narrow size distribution, ™
was obtained. The weight-average diameter of the

nanoparucles was apprommately 85 nm ranging from
20 to 430 nm.

Pharmacokmemcs and pharmacodynamu:s of NK105

: Colon 26—bearmg CDF1 mice were given a smgle v

injection of PTX 50 or 100 mg/kg, or of NK105 atan -
eqmvalent dose of PTX. Subsequently,. the time-
course changes in the plasma and tumour levels of-

“PTX were determined in the PTX and NKI105

administration groups; furthermore, the pharmacoki-, .
netic parameters of each group were also determined....

NK105_ exhibited slower clearance from ‘the plasma
than PTX, while NK105 was present in the plasma for.

. up to 72 h after injection; PTX was not detected after

24h or later of injection. The plasma concemranon at
5 min (Cs i) and the AUC ofNK105 were 11- to 20- .
fold .and 50- to 86-fold higher for NK105 than for .
PTX, respecnvely Furthermore, the half-life at the
terminal phase (t;2) was . 4-6. times longer for
NK105 than for PTX. The maximum concentration
(Cinax) and AUC of NK105 in Colon 26 tumours were
approxlmately 3 times and 25 times higher for NK105
than for PTX, respectively. NK105 contlnued to_
accumulate in the tumours until 72 h after. injection.
The tumour PTX concentration was higher than
10 pg/g even at 72 h after the intravenous injection of
NK105 50 and 100 mg/kg. By contraries, the tumour -
PTX concentrations at 72h after the intravenous
administration of free PTX 50 and 100 mg/kg were
below detection 11m1ts and less than 0.1 p,g/g,
respectively. - .

In vivo antitumour activity L -

BALB/c mice beanng s.C. HT29 colon cancer
tumours showed decreased tumour growth rates
after the administration of PTX and NKI105.
However, NK105 exhibited superior antitumour
activity as compared with PTX (P < 0.001). The -



antitumour activity of NK105 administered at a PTX-
equivalent dose of 25 mg/kg was comparable to that

obtained after the administration of free PTX -

100 mg/kg. Tamour suppression by NK105 increased
in a dose-dependent manner. Tumours disappeared
after the first dosing to mice treated .with NK105 at
a PTX-equivalent dose of 100 mg/kg, and all mice-

remained tumour-free- théreafter._ In addition, less
weight loss was induced in’ mice which were given .
NK105 100 mig/kg than in those which were given the *

same dose of free PTX.

Neurotoxicity of PTX and NK105

Treatment with PTX has resulted in cumulative -

sensory-dominant peripheral neurotoxicity in
humans, characterized clinically by numbness and/or
paraesthiesia of the extremities. Pathologically, axonal
swelling, vesicular degeneration, and demyelination
were observed. We, therefore, examined the effects of

free PTX and NK105 using both electrophysmlogxcal ‘

and morpholog1ca1 methods.
Prior to drug admmlstrauon, thiere were no significant

differences in the amplitude of caudal sensory nerve -
action - potential (caudal SNAP) ‘between: two drug
administration’ groups. On day 6 after the last dosing-
(at Week 6), the amplitade of the caudal SNAP in ‘the
vcontrol group- ‘increased in association with rat-

maturation. The amphtude was 31gmﬁcant1y smaller in

the PTX group than in the control group (P < 0. 0,
while the’ amphtude was 51gn1ﬁcant1y larger in the’
NKl 05 group than in the PTX group (P<0.05) and -

was comparable between thé NK105 group and the
conu'ol group’ (Fxgure 2). Hlstopathologmal éxamin-
ation of longitudinal parafﬁn—embedded sections of the

sciatic nerve 5 days after the ‘sixth weekly m]ectJon'.
revealed- degenerauve changes The NK105 adminis-.

tration group showed only a few degenerative myeli-
nated fibers in contrast to the PTX admlmstratlon

40'7_

30
20

10

Amplitude of caudal SNAP (V)

Student’s t-test .
*P < 0.05, *¥*P < 0.01

PIX NK105 -

control '

Figure2. Effects of PTX or NKIOS onthe a.mphtude of rat candal.
sensory nerve action potentials as examined 5 days after weekly
injections for 6 weeks. Rats (n= 14) were injected with NK105 or
PTX ata P’I'_X—equivaleht dose of 7.5 mg/kg. About 5% glucose was
also injected in the same manner to animals in the control group.
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group which indicated markedly more numerous
degenerative myelinated fibers.

Clinical study

_ Aphasel study was designed to determine maximum

tolerated dose (NITD) R DLTs, the recommended dose’
(RD) for phase I and the pharmacokinetics of NK105
(Kato et al.).

NK105 was admamstered by 1-hour intravenous
infusion every 3 weeks without anti-allergic premedi-
cation. The starting dose was 10mg PTX equiva-
lent/m?, and dose escalated according to. the

" accelerated titration method. To date;. 17 patients

(pts) have been treated’at the -following doses:
(n= 1), 20mg/m? (n=1); 40 mg/m?
(n=1);. 80mg/m ‘(rn=1); 110mg/m? (n=3);
150 mg/m? (n= 5);. 180mg/m (n = 5).. Tumor types
treated have iricluded: pancreatic (n=9), bile duct
(n =5); gastric (n= 2), and colon (#=1). Neutro-
penia has been the- predommant hematological -

" toxicity and grade 3 or 4 neutropenia was observed

in pts treated at'110, 150 arid 180 mg/m?: One patient:
at 180 mg/m? developed grade 3 fever. No other grade -
3 or 4 non-hematological toxicity including neuro- .°
pathies was obset'ved DLT's were observed in pts with'
at the 180 mg/m?>
more than 5 days), which was determined as MTD. -
Allergic reactions were not observed in any of the
patients except one pauent at the 180 mg/m A partial
response was observed i in one pancreauc cancer pt_
who received more than 12 courses of NK105
(Figure- 3), Desp1te of the long time usage, .only
grade 1 or 2 neuropathy was observed by modifying
the dose or period of drug administration. Colon and .
gastric cancer pts éxperienced stable disease lasting 10
and 7 courses, respectively. The Cpyx and AUC. of -
NK105 showed dose-dependent characteristics. The
plasma AUC of NK105 at 180 mg/m? was approxi-
mately 30-fold higher. than that of commonly—used
paclitaxel formulation. _
Accrual is ongoing at the 150 mg/m dose level to .
determine RD. DLT was grade 4 neutropenia. NK105
generates prolonged systemic exposure to PTX in
plasma. Tri-weekly 1-hour infusion of NK105 was
feasible and well tolerated, w1th anttumor actmty in
pancreatic cancer pt. NK105 is planmng to be

* evaluated in Phase II studies of patients with

pancreatic, gastric, or ovarian cancer.

NC-6004, cisplatin-incorporating micellar
nanoparﬁcle

Cisplatin [czs—d.lchlorodlammmeplannum (Imn:
CDDP] is a key drug in the chemotherapy for
cancers, including lung, gastrointestinal, and geni-
tourinary cancer (Roth 1996; Horwich et al. 1997).
However, we often find that it is necessary to

(grade 4 neutropenia lasting for . .
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Figure 3. Senal CT scans. (A) A 60—yea;'-old male with pancreatic cancer who was treated w1th NKl 05 at a dose level of 150 mg/m Baseline

- scan (upper panels) showing multiple metastasis in the liver. Partial response, charactenzed by a more than 90% decrease in the size of the liver

metastasts (lower panels) compared with the baselme scan. The anutumor recponse was mamtamed for nearly 1 year.

d.1sconnnue treatment wnh CDDP due to its adverse

‘ reacuons, e.g. nephrotoxicity and neurotoxicity,

deéspite its persisting effects (Pinzani ‘et al. 1994).
Platinum . analogues, e.g. carboplatin and oxaliplatin

(Cleare et al. 1978), have been developed to date to"

.overcome these CDDP-related dlsadvantages Con-
, sequently, these analogues are becoming the standard
drugs for ovarian cancer (du Bois et al. 2003) and
colon' cancer (Cassidy et al. 2004). However, those
reglmens mcludmg CDDP are cons1dered to consti-

te the standard treatment for hing cancer, stomach
cancer, tesncular cancer '(Horwich et al. 1997), and

urotfielial canéer (Bellmunt et al.- 1997). Therefore," .

the dev: lopment of a DDS technology is anticipated,
which: would offer the bétter selective accumulation of
CDDP -into- solid tumours while  lessening - its
distribution into normal tissue., -

Hepaidﬁbn and eharactérizatioh of NC-6004

NC-6004 were prepared according to the slightly
modlﬁed procedure reported by Nishiyama et al.
(2003) (Flgure 4). NC-6004 consists of PEG,
a hydrophlhc chain which constitutes the outer shell
of the nucelles, and the coordinate’ complex of
poly(glutam1c acid) (P(Glw)) and CDDP, a polymer-
metal complex—formmg chain which constitutes the
inner. core of ‘the micelles.” The molecular weight
of PEG-P(Glu) as a sodium salt was approx:mately
18,000 (PEG: 12,000; P(Glu): 6000). The CDDP-
incorporated polymeric micelles were clearly discrimi-
nated from typical micelles from amphiphilic block
copolymers. The driving force of the formation of the

CDDP—mcorporated micelles is the ligand subsntunon
of platinum() atom from chloride to carboxylate in
the side chain of P(Glu). The molar ratio of CDDP to
the carboxyl groups in the copolymers was 0.71
(N1sh1yama et al. 2003). A narrowly distributed size -
of polymenc m1celles (30 nm) was conﬁrmed by the
dynamic light scattering (DLS) measurement. Also, the
static light scattering (SLS) measurement revealed that
the CDDP-loaded micelles showed no dissociation
upon dilution. and the CMC was less than 5 X 10_7 o

-suggesting remarkable stability compared with’ typical -

micelles - from . amphiphilic block copolymers
(Nishiyama et al. 2003). It is assumed’ ‘that- the . .
interpolymer cross-linking by Pt(II) atom nnght:
contribute to stabilization of the micellar structure. .

The release rates of CDDP from NC-6004. werei.
19.6 and 47.8% at 24 and 96h, respectively. In .-
distilled water, furthermore, NC-6004 was stable
without releasing cisplatin.

Pharmacokinetics and pharmdcodjmamics

FAAS could measure serum concentrations of platinum '
up to 48h after i.v. injection of NC- 6004 but could
measure them only up to 4 h afteri.v. injection of CDDP!

NC-6004 showed a very long blood retention profile as

compared with CDDP. The AUC,_; and C 4 values - '

were significantly higherin animals given NC-6004 than
in animals given CDDP, namely, 65-fold and 8-fold,
respectlvely, (P<0.001 and 0.001, respecnvely)

Furthermore, the CL,;and Vss valueswere sxgmﬁcantly
lower in ammals given NC-6004 than in ammals g1ven_
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PEG Poly (sodmm L-glutamate) block

N Né-‘abd4‘ '

Flgu.re 4, Prepa.tauon and charactenzauon of cxsplaun—mcorporanng polymenc mxcelles (NC—6004) Chemxcal structures of clsplann"':‘ .
(CDDP) and polyethylene glycol poly(glutamic acid) block’ copolymers [PEGP(Glu) block copolymers], and the rmcella.t structures of i

CDDP—lncorporanng polymenc micelles (NC—6004)

CDDP ie. one—mneteenth and- one-seventy- ﬁfth
respecnvely, (P< 0.0 and 0.01, ‘respectively).

Regardmg the concentration—time profile of plati- -
num id various tissues after i.v. injection of CDDP or.-

NC—6004 all’ organs measured éxhibited. the highest.
concentratmns of platinum thbm 1h after adminis-
tration, m all aniimals. given CDDP. Furthermore,
animals” glven NC-6004 exhibited the highest tissue
concentratlons of platmum in the liver and spleen at
late time points (24 and 48h after administration,
réspectively). However, the concentrations decreased
on'day 7 aftér administration. In addition, and in a
similar manner to other drugs, which are incorporated
in polymeric carriers; NC-6004 demonstrated-accumu-
lation in organs of the renculoendothehal system, e.g.
liver and spleen At 48h after adm.tmstranon, ussue

concentrauons of plaUnum in the liver and spleen were -
4.6~ and 24. 4—fold higher for NC—6004 than for CDDP .
On the other hand a marked  increase in nssue’ )

plannum concentration was observed 1mmed1ately
after. administration .in the kidneys of animals given
CDDP. Renal platinum concentration at 10min and
1h after adrmmsn:anon were 11.6- and 3.1-fold lower,
respeetxvely, in ammals given NC-6004 than in animals
given CDDP. Furthermore, the maximum concen-
tration (Cpnae) in the kidney was 3.8-fold lower at the
time of NC-6004 administration than at the tme of
CDDP administration.

Regardmg the tumour accumulauon of. plaunurn, .

tumour concentrations of plaunum peaked at 10 min - -

after adrmmstranon of CDDP. On, the other hand -
tumour concentrations of: platmum peaked at' 48h- .
after administration . of - NC-6004. ‘The maximum
concentration (Cmayr) in tumour. was- 2. 5—fold higher- .
for NC-6004 than for CDDP (P < 0.001). Further- -
more, the tumour AUC was 3.6-fold higher for NC-
6004 than for CDDP (81.2 and 22.6 ug/mlh in
animals given NC- 6004 and CDDP, respectively). -

In vivo anutumour aczwzty

BALB/c nude m1ce melanted with a human gasch '
cancer cell hne MKN—45 showed decreased tumour, -

growth rates afteriv. injection of CDDP and NC-6004.
In the adn*umstrauon of CDDP, the CDDP 5 mg/kg
admlmstrauon group showed a s1gmﬁcant decrease'
(P < 0.01) in tumour growth rate as compared with the
control group. However, the NC-6004 administration
groups at the same dose levels as CDDP showed no
significant d1Eerence in tumour growth rate. Regardmg
time-course changes in body welght change rate, the
CDDP5 mg/kg adrmmstratlon group showed a 81gmﬁ—
cant decrease (P < 0. 001) in body weight as compared
with the control group, On the other hand, NC-6004 -
administration group did not show a decrease in body
weight as compared with the control group.
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Nephrotoxicity of CDDP and NC-6004

In the CDDP 10 mg/kg administration group, 4 of 12
rats died from toxicity within 7 days after drug
administration. No deaths occurred in the NC-6004
.10mg/kg administration group. Regarding renal
function, the BUN concentrations on day 7 after the
administration of 5% glucose, CDDP 10mg/kg, and
NC-6004 10 mg/kg were 20.8 + 3.0, 65.3 * 44.4 and
20 + 4.5mg/dl, respectively. The plasma  concen-
trations of creatinine on day 7 after the administration

of 5% glucose, CDDP 10mg/kg, and NC-6004 .

10 mg/kg were 0.27 *0.03, 0.68 = 0.23 and
0.28 *+ 0.04mg/dl, respectively. The
10 mg/kg administration group showed significantly
higher plasma concentrations of BUN and creatinine
as- compared with the control group (P < 0.05 and
0.001, respectively), with the NG-6004 10mg/kg
administration group (P < 0.05 and 0.001, respect-

ively) (Figure 5). Light microscopy indicated tubular .

dilation with flattening of the lining cells of the tubular

epithelium in the kidney from all animals ‘in the-
CDDP 10 mg/kg administration group. On the other |
hand, no histopathological change was observed in the"

"BUN

CDDP -

Control -, CDDP = NC-6004

kidneys from all animals in the NC-6004 10mg/kg
administration group.

Neurotoxicity of CDDP and NG-6004

Neurophysiological examination revealed that motor
nerve conduction velocities (MNCVs) in animals
given 5% glucose, CDDP, and NC-6004 were
442 + 3.5, 40.94 = 5.08 and 40.62 * 0.63 m/s,
respectively. No significant difference was’ found
among the groups with respect to MNCV. Further-

_ more, sensory nerve conduction velocities (SNCVs) in

animals given 5% glucose, CDDP, and NC-6004 were
42.86 * 8.07, 35.48 +4.91 and 43.74% 5.3 m/s,
réspectively. Animals given NC-6004 showed no
delay in SNCV as compared with animals given 5%
glucose. On the other hand, animals given CDDP
showed a significant delay (P < 0.05) in SNCV as
compared with animals given NC-6004 (Figure 6).
The analysis by ICP-MS on sciatic nerve concen-
‘trations of platinum could not detect platinum in
the sciatic nerve from animals given 5% glucose ‘(data\’
not shown). Sciatic nerve concentrations of platinum .

(meg/dD)
161
14{ -
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00" Control - CDDP  NC-6004
“ " Creatinin :

Figu’re 5. Nephrotoxicity of CDDP and NC-6004. Plasma concentrations of blood urea nitrogen (BUN)and creatinine were measured after
a single i.v. injection of 5% glucose ( = 8), CDDP at a dose of 10 mg/kg (n = 12), NC-6004 ata dose of 10 mg/kg (n = 13) on a CDDP basis.
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Nurotoxicity of CDDP and NC-6004 inrats

CDDP

NC-6004

Figure 6. Neurotoxicity of CDDP and NC-6004 in rats. Rats (n = 5) were given CDDP (2 mg/kg), NC-6004 (an equivalent dose of 2mg/kg
CDDP), or 5% glucose, all intravenously twice a week, 11 administrations in total. Sensory nerve conduction velocity (SNCV) -and motor
neive conduction velocity (MINCV) of the sciatic nerve at week 6 after the initial administration. The platinum concentration in the sciatic
nerve. Rats were given CDDP (5mg/kg, n=5), NC-6004 (an equivalent dose of 5mg/kg CDDP, n=>5), or 5% glucose (n=2), all
intravenously twice a week, four administrations in total. On day 3 after the final administration, a segment of the sciatic nerve was removed
and the platinum concentration in the sciatic nerve was measured by ICP-MS. The data are expressed as the mean * SD *P < 0.05.



in animals given CDDP and NC-6004 were
827.2 + 291.3 and 395.5 & 73.1 ng/g tissue. There-
fore, the concentrations were srgmﬁcantly (P<0.05)
lower. in animals given NC-6004. This ﬁndmg is
believed to be a factor which reduced neurotoxicity
following NC-6004 ‘administration as compared w1th
the CDDP administration.

Préscnt siuistion of a dlinical study of NC-6004
A phase 1 clinical trial of NC-6004 is now under way
in United K1ngdom Starting dose of NC—6004 was

10 mg/m?2, NC-6004 was admmstered once every 3

weeks with only 1000m1 water loading. In Japan, a

phase 1 trial will be stared soon in the National Cancer

Center Hosp1ta1

NKO012, SN—38-mcorporat1ng mxcellar
nanopartlcle :

The anutumor plant alkaloid camptothecm (CPT) isa g

broad-spectrum anticancer agent which targets the
DNA topoisomerase I. Althéugh CPT has showed
promising antitimor activity i vitro and #n vivo (Gallo

et al.- 1971; Li et al. 1972), it has not been used’
clinically because of its low therapeutic efficacy and .

severe toxicity (Gottheb et al. 1970, Muggia et al.
1972). Among CPT analogs, irinotécan, hydrochlonde

(CPT-11) has recently-been demonstrated to be active

against colorectal, lung, and ovanan cancer (Cunmng—

ham et al; 1998; Saltz et ‘al; 2000, Noda et. al 2002,
Negoro et al. 2003; Bodurka et al. 2003). CPT-11

itself is a' prodrug and is converted to 7—ethyl—10—
hydroxy—CPT (SN-38), a biologically active metab-

olite of CPT- 11; by carboxylesterases (CEs) SN:38 -
exh1b1ts up to 1000-fold more potent cytotoxic act1v1ty :

against various cancer cells #n witro than CPT11

(Takimoto and Arbuck 2001). Although CPT-11is -

converted to SN-38 in the. liver and tumor, the
metabolic conversion rate is less than 10% of the
original volume of CPT-11 (Rothenberg et al. 1993;

Slatter et al. 2000). In addition, the convetsion of.'
CPT:11 to SN-38 depends on the genetic- inter-

individual variability of CE activity (Gmchard et al.
1999). Thus, direct use of SN—38 mJght be of great
advantage and attractive for cancer treatment For the
clinical use of SN-38, however, it-is “essential to
develop a soluble form of water-insoluble SN-38. The
progress of the manufacturing technology of “micellar
nanoparticles” may make it possible to use SN-38 for
in vivo expenments and further clinical use.

Preparatum and characterzzatwn of NKO1 2

NKO012 is an SN—38—loaded polymeric micelle con-
structed in an aqueous milieu by the self-assembly of
an amphiphilic block copolymers, PEG-PGlu(SN-
- 38). The molecular weight of PEG-PGIu(SN-38) was
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determined to be approximately 19,000 (PEG
segment: 12,000;- SN-38-conjugated PGlu segment:
7000). NKO12 was obtained as a freeze-dried
formulation and contained ca. 20% (w/w) of SN-38
(Figure 7). The mean particle size of NKO012 is 20nm
in diameter with a relatively narrow range. The
releasing rates of SN-38 from NKO012 in phosphate
buffered saline at 37°C were 57 and 74% at 24 and
48h, respectively, and that in 5% glucose solution at
37°C were 1 and 3% at 24 and 48h, respectively.
These results indicate that NK012 can release SN-38

- under neutral condition even without the presence of a -

hydrolytic enzyme, and is stable in 5% glucose
solution. It is suggested that NK012 is stable before
administration and starts to release SN-38, the active

component; under’ physxologrcal conditions after
adrmmstratron

Cellular semztzmty of NSCLC and colon cancer cells
to SN-38, NK012, and CPTII

The 1Cso vatues of NKO012 for the cell lmes ranged‘

_from 0.009 pM (Lovo cells) to 0.16 pM (WlDR cells).
"The growth-inhibitory effects of NK012 are 43-340

fold more potent than those of CPT-11, whereas the

-IC5o values of NK012 were 2.3-5.8 fold higher than

those of SN—38 NKO012 exhibited a higher cytotoxic
effect aga.mst each cell line as compared with CPT-11
(X 43— 340 fold sensmv1ty) On the other hand, the
IC50 values of NKOIZ were a little higher than those of

: SN—38 51m11ar to the cytotoxrc feature also reported in

a prev10us study about m1ce11ar drugs (Uchino et al.
2005).

' Pharmacokmenc analysis of NK01 2 and CPT 11 wmg
" HE 29—bearmg nude mice:

After injection of CPT-11, the concentrations of CP'I-

11 and SN-38 for plasma declined fapidly with timeina . |

log-linear fashion. On the other hand, NKO012 (poly-
mer-bound SN-38) exhibited slowér clearance. The
clearance of NK012 in the HT-29 tumor was
significantly slower and the concentration of free SN-
38 was maintained at more than 30 ng/g even at 168h
after m)ecuon

Ami-mmor'aczivizy and the distribution of NK012

and CPT11 in SBC-3/Neo or SBC-3/VEGF tumors

In order to determine whether the potent antitumor
effect of NKO012 is enhanced in the tumors with high
vascularity, we used vascular endothelial growth factor-
secreting cells SBC-3/VEGFE. There was no significant
difference in the in vitro cytotoxic activity of each drug
between SBC-3/Neo and SBC-3/VEGF. Gross findings
of SBC-3/VEGF tumors are reddish as compared with
SBC-3/Néo' tumors. Deviating from the ordinary
experimental tumor model, tumors were allowed to
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Polyethylene glycol
(Hydrophilic)

Modified ployglutamate
(Hydrophobic)

Flgure 7. Schemauc structiire of NKO012: A polymenc mxcelle carrier of NKO12 consists of a block copolymer of PEG (molecular weighit of -
about 5000) and partially modified polyglutamate (about 20, umt) Polyethylene glycol (hydrophﬂlc) is believed to be the outer shell and SN—v

38 was mcorpomted into the inner core ‘of the micelle.

grow untll they became massive in sxze, around 1 5 cm _'
(Figure 8), and then the treatment was initiated. NKO012

at doses of 15 and 30 mg/kg showed potent anti-tumor

activity aga.mst bulky SBC-3/Neo tumors 15331+ =

1204.7mm>) as compared with CPT11 (Flgure 8).

Stnkmg anutumor activity was observed in m1ce treated N

SBC-3/Neo

:

é..
\

“Tumor volume (mm?; axb?/2)
-

0 I I l i S |
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O

_ Fxgure 8.

Intravenous admmlstrauon of NK012 or CPT 11 was started when the mean tumor volumes of

Wlth NK012 (Flgure 8) when we compared the '
antitumor activity of NK012 with CPT-1 1 using SBC—* :
/VEGF cells.. SBC—3/VEGF bulky masses (1 620 7+

- 834, 0mm3) dlsappeared in afl 1 mice, although relapse 3 o

months after treatment was noted in one mouse u-eated:
with NKOlZ 20 mg/kg (F1gure 8). On the other hand e

SBc-slyEGr B
"’Es.ooo ~ / T
5-4'900“_(L/U,T
T S M TRl A
T
iv.

groups reached a massive -

1500 mm?®. The mice were divided into test group (0J: control; 0: CPT-11 20 mg/ke/day; O0: CPT-11 40 mg/kg/day; A: NKO012 15 mg/kg/day;
and 0: NK012 30 mg/kg/day). NK012 or CPT-11 was administered i.v. on days 0, 4 and 8. Each group consisted of 4 mice. *P < 0 05



SBC-3/VEGF were not eradicated and rapidly regrew
after a parual response in mice treated with CPT-11.

Approximate 10%. body weight. loss was observed in
mice treated with NK012 20 mg/kg, but no significant -

difference was observed in comparison w1th mice
treated with CPT-11 30 mg/ks.

We then examined the distribution of free SN—38 in
the SBC-3/Néo and "SBC-3/VEGF masses after
administration of NKO012 and CPT-11. In the case
of CPT-11 administration, the concentrations at 1 and

6h after the administration were less than 100ng/g.

both in the SBC-3/Neo’ and SBC-3/VEGF tumors,
and were almost negllglble at 24h in both tumors.
There was no significant difference in the concen-

tration between the SBC-3/Neo and SBC-3/VEGF
tumors. On the other hand, in the case of NK012.-'.
admxmstranon, free SN-38 was detectable in the ,
tumors even at 72h after the administration. The T
concentrations of free SN-38 were higher in the SBC— o
3/VEGF tumors than those in the SBC-3/Neo tumors”
at any time point during the period of observauon3

(significant at 1, 6, 24h *P < 0.05).
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We demonstrated that the novel SN—38—1ncorporat—

,: ing polymeric mlcelles, NK012 exerted superior

antitumor activity . and less toxicity as compared
to CPT:11 (Koizumi et al. 2006). Therefore,
we speculated that the use of NKO012 in place of
CPT-11 in combination with 5FU may also yield
superior results.

Comparison of the antitumor effect of combined
NKO012/5FU and CPT-11/5FU. The therapeutic effect
of CPT-11/5FU was apparently inferior to that of
NKO012/5FU or even NKO012 alone at the MTD.
A more potent antitumor effect, namely 100% CR rate,

. Was obtamed in the NKO012 alone and NKO012/5FU
* groups, as compared with the 0% CR rate in the

CPT 1 1/5FU (Nakauma and Matsumura 2007).

3y Speczﬁczty of cell cycle perturbation. We studied the -
K ".’dlﬁ'erence in the eﬁ'ects between NK012 and CPT-11
on the cell cycle The data indicate that both NK012

: " and CPT:11 had a tendency to dccumulate the cells in

. Tissue dtsmbuuon of SN-38 after admzmstratzon
of NK012 and CPT-11 ‘

We examined the concentrauon—tlme profilé ‘of ﬁ:ee
SN-38 in various tissues after iv. adm1mstranon of

NKO012 and CPT 11. All organs measured exh1b1ted -
the. hlghest concentration of SN-38 at ‘1h" after -
admmlstratwn in mice given CPT 11. On ‘the other
hand, . mice. glven NKOlZ exh1b1ted prolonged_ .

dlstnbuuon in: the liver and spleen In a s1m11ar
manhner to other micellar ‘drugs (Yokoyama et al.
1991a, b ¢; Uchino et al. 2005), NK012 demon-
strated relatively higher accumiulation in organs of the
reticuloendothelial system. In the lung, kidney and
small intéstine, the highest concentration of . free

SN-38 was achieved at 1h after injectionof NKO012 _

and the concentration was almost negligible at 24h.

Although the concentrations of free SN-38 in the

small intestine were relatively high at 1h after

administration of NK012 and CPY:11, those rapidly °

decreased. Interestingly, there was no s1gmﬁcant
difference in-the kinetic character of free SN-38 in
the small intestine between mice treated W’lth NK012
and CPT-11.

Synergistic antitumour activity of the NK012 combined
with 5-fluorouractl

In two phase I trials, the addition of CPT 11 to bolus -.

or infusional SFU/LV regimens clearly yielded greater
efficacy than treatment with 5FU/LV alone, with a
doubling of the tumor response rate and prolongation
of the median survival time by 2—3 months (Douﬂlard
et al. 2000; Saliz et al. 2001)

thé S phase, although the effect of NKO12 was
stronger and maintained for a more prolonged period .
than that of CPT:11. The histograms show aneuploidy

“of the tumor and that administration of NK012 or -
CPT-11 caused apoptosis of 4 proportion of the tumor
~ cells (Nakajlma and Matsumura 2007)

Present sttuation of a clmu:al study of NKOI 2 _

A phase 1 study of NKOIZ is now under’ Way in the:‘
'Nanonal Cancer Center, Tokyo and Kashiwa in
. patients with advanced solid tumours. NKO12 is
" infused mtravenously over 60 min every 21 days until
- disease progression or unacceptable toxicity occurs. .

Conclusion
A quarter of a century has passed since the EPR effect. '
was discovered (Matsumura and Maeda 1986). Now

the phrase EPR has become a fundamental principle
in the field of DDS. Until recently, the EPR had not

‘been recognized in the ﬁeld of oncology. However,

many oncologists have now become acquainted with -
it, since some drugs such as doxil, abrazane, and
several PEGylated proteinacious agents formulated
based on the EPR have been approved in the field of
oncology. Micelle carrier systems described in this
chapter are obviously categorized as DDS based on -
the EPR. I believe that some anticancer agents.
incorporating micelle nanoparucles may be approved.
for clinical use soon.

Our next task is to develop DDS uuhzmg the EPR
effect, which can accumulate selectively in solid
tumours but also allow distribution of the delivered
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bullets (anticancer agents) through the entire mass of
the solid tumor tissue.
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Abstract Dihydropyrimidine dehydrogenase (DPD) is an
1nact1vatrng and rate-lrmltrng enzyme for S-fluorouracil (5-
FU), and its deﬁcrency is associated with a risk for devel-
oping a severe or fatal toxicity to 5-FU. In this study, to
search for genetic variations of DPYD encodmg DPD in
Japanése, the putative promoter region, all exons, and
flanking introns of DPYD were sequenced from 341 subjects
including cancer patients treated with 5-FU. Fifty-five
genetic variations, including 38 novel ones, were found and
consisted of 4 in the 5'-flanking region, 21 (5 synonymous
and 16 nonsynonymous) in the codmg exons, and 30 in the
intfons. " Nine novel nonsynonymous SNPs, 29C>A
(AlalOGlu) 325T>A (Tyr109Asn), 451A>G (Asn151Asp),
733A>T (e245Phe), 793G>A (Glu265Lys), 1543G>A
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(Val5151le), 1572T>G (Phe524Leu), 1666A>C (Ser556--
Arg), and 2678A>G (Asn‘893Sér),‘ were found at allele
frequencies between 0.15 and 0. 88%. Two known nonsyn-

onymous variations reported only in Japanese, 1003G>T

(*11, Val335Leu) and 2303C>A (Thr768Lys), were found at

allele frequencies of 0. 15 and 2. 8%, respectively. SNP and

haplotype dlstnbutlons inJ apanese were quite different from

those reported prevxously in Caucasians. This study provides
fundamental’ information for pharmacogenetrc stud1es for

evaluating the efficacy and toxicity of 5-FU in J apaniese and

probably East As1ans
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Introduction

Dihydropyrimidine dehydrogenase (DPD) is an inactivat-
ing and rate-limiting enzyme for 5-fluorouracil (5-FU),
which is used in various therapeutlc regimens for gastro-
intestinal, breast and head/neck cancers (Grem 1996).
While the antitumor effect of 5-FU is exerted via anabolic
pathways responsible for its intracellular conversion into
anti-proliferative nucleotides, DPD affects 5-FU avail-

ability by rapidly degrading it to 5, 6-dihydrofluorouracil .
(DHFU) (Heggie et al. 1987). The importance of DPD in 5-

FU metabolism was also highlighted by a lethal drug

interaction between 5-FU and the antiviral agent sorivu--

dine. Due to inhibition of DPD by a sorivudine metabolite,
severe systemic exposure to 5-FU caused several acute
deaths in Japan (Nishiyama et al. 2000).

5-FU catabolism occurs in various tissues, including
tumors, but is highest in the liver (Naguib et al. 1985; Lu
et al.- 1993). Wide variations in DPD activity (8- to 21-fold)
were shown in Caucasians, and 3~5% of Caucasians had
reduced DPD activity (Etienne et al. 1994; Lu et al. 1998).
This varlabxhty, which is partlally attributed . to genetic
defects of the DPD gene: (DPYD), leads to differential
responses of cancer patients, resistance to or increased
toxicity. of 5-FU. (van Kuilenburg 2004) Complete DPD
deficiency is also associated with the mhented metabohc
disorder, thymme—uracﬂuna which is charactenzed by
neurologlcal problems in pedlatnc patlents (Bakkeren etal.
1984). :

To date, at least 30 variant DPYD alleles have been
published, with or without deleterious impact upon. DPD
activity (Gross et al. 2003 Ogura et al. 2005; Seck et ‘al.
2005; van Kuilenburg 2004; Zhu et al: 2004). Of these
variations, a splice site polymorphism, IVS14 + 1G>A,
which causes skipping of exon 14, is occasionally detected
in North Europeans with allele frequencies "of 0.01-0.02
(van Kuilenburg 2004). Detection of IVSl4 + 1G>A in
patients suffering from 5-FU-associated grade 3 or 4 tox-
icity revealed that 24-28% of them were heterozygous or

homozygous for this single nucleotlde polymorphlsm (SNP)

(van Kuilenburg 2004). However, this SNP has not been
reported in Japanese and African-Americans:. Recently,
Ogura et al. (2005) have shown that a Japanese population

exhibits a large degree of interindividual variations in DPD'

activity of peripheral blood mononuclear cells. They also
identified a novel variation, 1097G>C (Gly366Ala), in a
healthy volunteer with the lowest DPD activity and dem-
onstrated that the 366Ala variant has reduced activity
towards 3-FU in vitro. At present, however, information on
variant alleles with clinical relevance in Japanese is limited
and cannot fully explain polymorphic DPD activity.

In this study, we searched for genetic variations in
DPYD by sequencing 5' regulatory regions, all exons and

surrounding introns from 341 Japanese subjects. Fifty-five
variations including nine novel nonsynonymous ones were
identified. Then, linkage disequilibrium (LD) and haplo-
type analyses were performed to clarify the DPYD
haplotype structures in Japanese.

Materials and methods

“Human DNA samples

Three hundred and forty-one Japanese subjects in this study
included 263 cancer patients and 78 healthy volunteers. All
263 patients were administered 5-FU or tegafur for treat-
ment of various cancers (mainly stomach and colon) at the
National Cancer Center, and blood samples were collected
prior to the fluoropyrimidine chemotherapy. The héalthy
volunteers were recruited at the Tokyo Women’s Medical
University. DNA was extracted from the blood of cancer
patients and [Epstein-Barr virus-transformed lymphoblas-
toid cells derived from healthy volunteers. Written
informed consent was obtained from all participating sub-
jects. The ethical review boards of the National Cancer
Center, the Tokyo Women’s Medical 'Universi.ty' and the
National Institute of Health Sciences approved this study.

PCR conditions for DNA sequeneing, '

To amplify 22 exons (exons 2-23) of DPYD, multiplex
PCRs were performed by using four sets of mixed primers
{mix 1 to mix 4 of “ﬁrst PCR” in Table 1). Namely, five
exonic fragments were simultaneously amplified from
50 ng.of genomic DNA using 0.625 units of Ex-Taq (Ta-
kara Bio. Inc., Shiga, Japan) with- 0.20 M primers.
Because of the high GC content in exon 1 of DPYD, this
region was separately amplified from 50 ng of genomic
DNA with 2.5 units of LA-Taq and 0.2 yM primers (listed
in Table 1) in GC buffer I (Takara Bio. Inc.). The first PCR
conditions were 94°C for 5 min, followed by 30 cycles of
94°C for 30 s, 58°C for 1 min, and 72°C for 2 min; and
then a final extension for 7 min at 72°C. Next, each exon
was amplified separately from the first PCR products by
nested PCR (2nd PCR) using the primer sets (0.2 pM)
listed in “second PCR” of Table 1. The second PCR
conditions were the same as those of the first PCR, and LA~
Taq (2.5 units) for exon 1 and Ex-Taq (0.625 units) for
exons 2-23 were used. All PCR primers were designed in
the flanking intronic sites to analyze the exon-intron splice
junctions. The PCR products were treated with a PCR
Product Pre-Sequencing Kit (USB Co., Cleveland, OH) and
sequenced directly on both strands using an ABI BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems,

@ Springer



J Hum Genet (2007) 52:804-819

806

oyt €¥S008TS JLOLODIOOVIVOLVVIOLOL T86008TS DIOVVOLLOIOIOOLYDODL €1 UoXg
89v PIPPESTS VOVIVLIDIJOLYVVOVIVVVYIOY " I88YEBTS IOIOLVVVILIOODDIOVOL 71 voxg
(A7 8298681S DVIDOVVVOIDIILLYVO 6906581 DVILOVVVYDIOVVIODIOV 11 voxg
6¥9 6SBLLBTS U<UO<E<O<<OOH<H<OO<UH LOSBLRTS ansghgoomuh% 01 uoxyg
644 S686L8TS DVDVDIOLOODLLOOVYID SEE088IS BOLIOVIDLOLVOOVLLLVOIOL 6 uoxg
16€ 1€8€961€ UUHU.—U&EOUUO.H.HU:U 1TTY961S ,. LLLLIDLIVOLLLIOVDIOOD 8 .nonm
184 TYS9L6TS DOVIOIVOIDODIOLIOD €S69L6TS DOVIIOVILIOLVIOLOVIOLL L moxg
88y 10218618 IVOLVLVIDOLILOVVOIOOOVD mmwv.m&n ooc<ﬁ0<<<o§<0<<<oo<< 9 toxg
;144 8YE900TS DODLIOLYVVVVIOVOVOLOL $11900Ts oﬁ<ao<ho<a<o§og<0a ¢ "oxg
(144 E£LTSTOZS VOVVIVVOVOVLYVLIVOVIVIOOV Sc.ws.% . <o<u<u<<<oa<o<<<oooa  voxg
L8¢ 66821128 " DIODDVOVLIVVYIOVVVVOLL SBTETTLTS 8ao<<<ﬁ<<ooo<._bua<<o € uoxg
8bs YZ6L91ZS ' LIDOIVVVVVILVLIOOOLVIVD 1Lt89TZS 88<uu§cﬁ<o<u8<<oao 7 voxg .
816 98550728 DDIVOODDIODVOVVVIOY * c0g90zzs uooSoEoSoan 1 woxs 0} YLN-.S ¥Dd puooog
958 $8899E1S DOVIVOLYVDOVVOVODOLL OPLLOETS DODIVOVOLOVVIVVIVIOD g voxg
TLL LB6ZRETS VOYOOLLIJOOVIDLOLYVY 8SLERETS u<0<<c<oou<a<osu<<c 17 uoxg
£oL EELLLYTS <H0<U<OU<UH<UHO<UUUH SEVBLYTS . . .O.H.H<UU<H.H¢UU<U<0HO.~D 174 nowm
<16 98S61€TS UUO<<SU,§<U<O< oonouﬂw U,E.HO<UO<<U.E.<OOHOU 61 uoxg
65S°'1 €E668STS o<o<o<o,5<<o<<<<uooa 16v1651¢ 8<0Eo,8,~boo<<.<g 87 pue L] suoxg ¥ XN
bLO'T 9EEEIETS VLLOVLLLLVD9DOVVDIOV 60VH9ETS UU.HU.B&OUUU<O§OOH €7 woxy”
L68 $18999TS 'VIOVOINOIOOVVVVODLVL TILL99TS . <HU,8HUUH¢<<¢S¢UUO< §1 voxg
LE6 " bOLbELTS <<<<oao<o<a<o<uoo<uu o&mm:n 885<E<OU<UEU. 1 uoxg
608 0St0081S U<O<BUEEOEUH< wm«.momwn <.HU<UO<O.HU,HUH<.H<UUUO €1 uoxy
999 6LTHERTS DOVLIVODOVIVLIVODOIO PY6YERTS . <uu<oba<o<<<cuosouu Tl voxg € XIN
At v:wn.ﬁn . OVIOVLLLYIDID9I0000L ,mdmunﬂn U<UE<U.H.HUUH<.HUUU.HU 91 uoxg
665 7958581S DOLLVOVVOLVVDLLLIOOD 09165815 8u2<ca<Eu<a<<<c< 11 voxg
L€9T S6LLLITS UU<E<E§8¢SUE. RE%G o.Bo<<._.<.H.<<o<<ooo<oa 01 pue § suog
6vL L99EI6TS .30.2%0&59858 SIHHI6TS <a<u<<cﬁ.~boaooa<o<u ’ g voxg
€16 maveha.an UUUO.—.<<<0<O<O<0<HO<U SE.R.S 8<H<UUOHO<.H.4.<H<<<U.HU L woxg T XIN
859 STIH86IS <<<UU.HU<<UUO<<OEO.H. Nt.vw.mﬁ HOH<<E<UOO¢O<OO<O< 9 wowm
€18 $ET900TS UOH.H<OOQ~UO.HUU<<H<<H .w.vchooum H.OdOkDUﬁH<OO<OOH<<< S woxg
96 §915202¢ .H.OOHO<<OO.EU<<U<UH<< oou,mdo.nm <E<U<OOO<GO<O<OHDH 14 A.Bx.m
OtL 9L8ZT1ZS UOH<E<U<<.EUGO<O.HU ) nowm:Nm OH§G<EH<UEUUH ’ € @omm
$69 ZE8LITTS umo<bw<oaoaoﬁ<0h<ao 9z6891ZS 0.8o<<5<0<08&8<5 T uoxy . TN
9EL'T €b50Z28 HVVOLODVDOVOVLYIVOIV 8L1LOZZS Ucacogﬁaooﬁwcgo T uo¥o o1 YIS WO 181
Jronisod (.€ 01 .C) seouanbag ..a.oEmom . “ - (,g 01 ,6) soouanbag
(dq) 1onpord . 5
¥od Jowrd 9SToAY ‘uorgar paousnbas pue payrndury

Towmd presmIog

' g1dq wewiny Joj sesuanbes Jourug 1 oqqel

b
8o
g
B
el
w
Q!



807

J Hum Genet (2007) 52:804-819

 ['LLEZE0™IN to Jowrud [oes Jo pus ¢ o Jo womisod 350232 R

128€9€1S OVOVVVOOLLLVVLLLIOLLLVL 90ZY9E1S DI00ID9DLOIOVIVIIOIOLLO £z woxg
STILOETS OVYVOVOVODVOVOIODOVVLY' OTSLIETS VBIOBLYVYVOOVOVYVVVLVLO 7z voxg
STTERETS VVVIVIOVVVVVIOLIOIOVOOOL ‘vroescis | QIOLIDIDLLLLIVOODLIOIVL Tguoxg
ST6LLYTS ODLYOVOIOLYVOVOLOVLIOLLL S9TRLYTS DVDDLLIDLLIVVOLOVYOVD 07 voxg
SIL6TSTS OVOLOLLLLLLLLLIVIDIVVOD 8500ZSTS OLHIDDOVOIOVIOLOLLLY 61 o
92006515 VOLIOVOLOLIDIOIIOLYD 19508515 OVOVVOVODVBLLIOVVDYVOLD 81 voxg
98606515 1OVVVOOLOVYOLIOLOVVOLY Lov16STS DOVOOVDLOVLVVIDLOOVIOLOV L1 uoxg
Ovb8S9TS DODOOOVLVODLVIOVVIOVL 1Z88591¢ . LYVVIOVOLOVOSYOLVLIONID 91 wovg
L01L99TS DOVVIDLYVVDIOLOLOVIODVL 1L5L991S OLLLLVIDSIOO0VLIOLVIOD S woxg
LLBPELIS OLLYOVODDIOVVIOVYYIDYD L8TSELTS OOVODDVOOVDIOIVIVVVODL v1 voxg
£PS008TS OIOLOOIOOVIVOLVVIOLOL 28600815 . DIOVVOLIOIOLODLYODOL €1 voxg
6EPYERTS OVOOVVOLVVVIVVVVVOLVIOVO T88bERTS 1DIDLVYVOLIOOODIOVIL | zruoxg
82985815 . DVLODVVVOLIIOLLVYD 69065815 OVOLOVYVOIIVVIODIOV 11 woxg
6018L81S DOLISIOLYVVVIOOIOLYILL L0S8L8TS LIDIOLOVVYVIVVOOOLYVYY 01 woxg
S686L81S OVOVDLOLODOLLODYVID. SEE08RIS DOLIDVIOLOLVODVLLLVOLOL 6 ToxH
1€8E961S OOLOIOLVYVOIIOLIDLYD 12249616 LLLLIDLIVOLLLIOVDIOND § Toxg
1bS9L6TS DOVIDLVOII0DIOLIOD £569L615 SOVIOIOVOLIDIVIOLOVIOLL L uokg
10248615 LVDIVIVIDOLIOVVDIIOOVO " 095kB6IS OOVVIOLVOOVDLLIOLVIVVVY 9 uoxg
8YE900TS O0OLIOLYVVVVIOVOVOLOL $LL9002S DLLVIOVIOVLVOLIDLIODLVOL g uoxg
£L2ST02S VOVVOVVOVOVLYVIVOVIVIOOY T095202S VOVOVOYVVOLYSYVVOOOL | puoxg
668Z112S UHUUU<U<.H<<¢UU§E anﬂ 128 8H0<<<E<<UUU<HUOH<<O guoxyg -
z5189128 o<oao<oo5aoa<<u<tbuo 96189125 1900VDVDVDVOLOVVYOVDLD z voxg
98560228 DDOVDI0OLODVIVYVIOV 18650225 SOLLLISIONDIDIOVIDD 1 Wo¥s 03 WLN-.S
EE6S02ZS ODVOVOLOYYIODVOVOVID 85790225 ‘DDLLIYOVLLLIDSIOVO0) 1 00%0 07 WIS .
A . N o £059072¢ OPOIDDLLLLISLVOSIOL 1 toxs 01 YIS Smousnbag
995 TH9E9E1S VODDIOVVOVDVVIVOVOLLLLL 90249E1S OI501DDOIDIOVLYOLOLOLLD £z woxg
169 £EOLIETS VVYVVVLVLODLYVVDLYOLIDD €TLL9ETS DIOIDLLIDLIVLLIVOISIODD 7z voxg .
Lis 1Z2e8€1S VVYVVIOLIOLOVIDOLIOL LELERETS DIOVOLVVOVYYVIOLOOLOV 17 vovg
ovE 9T6LLYIS 5OLVOVOLOLYVOVOIOVLIOLLL s9TRLYIS | OVDOLLIDLLIVVOLOVYOVD 0z wova
ozp 62961515 OVOLOLIDVVIVOLIOIDIOOVOL 8H00ZSTS  DIOLODOVOLOVOOLOLLLY 61 woxg
9ev 92006515 VOLIOVOLOIDDLOLOOLYD T9065TS OVDYVOVODVOLLIOVYOYVOLO 81 voxg
e 98606515 1OVYVDOIOVVILIOLOVVILY LOVIESTS DOVOOVDIOVIVVISIOOVIILOV L1 voxg
28¢ Ov8891S DDODOIVIVIOLVIOVVIOVL 12885915 LYVVLOVOIOVIOVOLVLION0D 91 uoxg
sov LOTL99TS DOVVIOLYVVOLOLOLOVIOOVL 14519915 OLLLLYIODID00VLIOLYIOO §1 uoxg
1y LLSYELIS DLLYOVIDDIOVVIDVYVIOVD L8TSELIS DOVDDDVDOVOLOLVLVVVIOL v1 voxg
(dq) 1onpoxd LUuontsod (.€ 01 ,5) soouwanbag »UORIS0d (g0 Q) mg.nozwom
0d Jourud o519y Jowrnd premIod uot3a1 pasusnbos pue pagndury

idq Teumy Joj seouanbas romug T aqey, -

pringer

As



808

J Hum Genet (2007) 52:804-819

Foster City, CA) with the primers listed in “sequencing” of
Table 1. Excess dye was removed with a DyeEx96 kit
(Qiagen, Hilden, Germany). The eluates were analyzed on
an ABI Prism 3700 DNA Analyzer (Applied Biosystems).
All novel SNPs were confirmed by sequencing of PCR
products generated from new genomic DNA amplifica-
tions. The genomic and cDNA sequences of DPYD
obtained from GenBank (NT_032977.7 and NM_000110.2,
respectively) were used as reference sequences. SNP
positions were numbered based on the cDNA sequence,
and adenine of the translational initiation site in exon 1 was
numbered +1. For intronic polymorphisms, the position
was numbered from the nearest exon.

Linkage disequilibrium (LD) and haplotype analyses

Hardy;Weinberg equilibrium and LD analyses were. per-
formed by. SNPAlyze software (Dynacom Co., Yokohama,
Japan), and pairwise LD parameters between variations.
were obtained as the ID | and rho square () values. Some

haplotypes were unamblguously identified from subjects,
with homozygous variations at all sites or a heterozygous . _ -
- DPYD variations found in a Japanese population

varjation at only one site. Diplotype configurations were
inferred by LDSUPPORT software, which determines the
posterior probability distribution of the diplotype for each
subject based on the estimated haplotype frequencies (Ki-
tamura et al. 2002). Although the nomenclature for
nonsynonymous DPYD alleles (DPYD*! to DPYD*13)
have been already publicized (McLeod et al. 1998; Collie-

Duguid et al. 2000; Johnson et al. 2002), several reported,

“alleles remain unassigned. To avoid confusion with the
previous DPYD allele nomenclature, our block haplotypes
in this study were tentatively defined by using # instead of
“**_ A group of haplotypes without any amino acid change
is designated as *I, and the haplotype groups bearing
already defined alleles, DPYD*5 (lle543Val), DPYD*6
(Val732Ile), DPYD*9 (Cys29Arg) and DPYD*]1
(Val335Leu), were numbered by using the corresponding
Arabic numerals,- #5,%6, %9, and *11, respectively. Other
hap]otypes with known nonsynonymous SNPs such as
496A>G (Metl66Val) or with the novel nonsynonymous
SNP were represented by * plus amino acid positions
followed by variant residues (for example, *166V). Sub-
types within each haplotype group were consecutively
named with small alphabetical letters depending on their
frequencies. Haplotypes ambiguously inferred in only one
patient were indicated in the Fig. 3 legend. Combinations
of block haplotypes were analyzed by Haploview softWa_re
(http://www.broad.mit.edu/mpg/haploview/index.php)
(Barrett et al. 2005), and the long-range (whole gene)
haplotypes spanning all blocks were inferred by Hapblock

@ Springer

software (www.cmb.usc.edw/msms/HapBlock/) (Zhang
et al. 2005).

Typing data on DPYD from unrelated 44 Japanese and 30
Caucasian trios were also obtained from the HapMap project
(HapMap release 19: http://www.hapmap.org/). The LD
profiles and haplotypes of the HapMap data were obtained by
Marker beta in Gmap Net (http://www.gmap.net/marker)
using its four (1254711, 1254712, 1254713, and 1254714)
and six (1166276, 1166277, 1166278, 1166279, 1166280,
and 1166281) datasets covering DPYD genomic regions for
Japanese and Caucasians, respectively.

Drawing of protein structures

The coordinate ' data (1gth) of the crystal structure of pig
DPD (Dobritzsch et al: 2002) was obtained from the Protein

" Data Bank. Protein Explorer (http://proteinexplorer.org)
" (Martz 2002) \fyas used to display the structural features of
- pig DPD and depict three-dimensional views.

Results

We identified 55 variations, including 38 novel ones by
sequencing the promoter regions (up to 613 bp upstream
from the translational initiation site), all 23 exons and their

. flanking regions of DPYD from 341 Japanese subjects

(Table 2). The distribution of the variations consisted of 4

in the 5 flanking region, 21 (5 synonymous and 16 non-

synonymous ones) in the coding exons (Fig. 1) and 30 in
the introns. Since we did not find any significant differ-
ences in allele frequencies between healthy volunteers and
cancer patients (P > 0.05 by x* test or Fisher’s exact test)

_ except for one variation, IVS14 + 19C>A, (P = 0.027 by

Fisher’s exact test); the data for all subjects were analyzed
as one group. All detected variations except for 451A>G
(Asnl151Asp) and IVS13 + 40G>A were in Hardy-Wein-

* berg equilibrium (P 2 0.24).

Thirteen novel variations in the coding region (enclosed
by a square in F1g 1) contain four synonymous SNPs,
474T>C (Phel58Phe), 639C>T (Asp213Asp), 1752A>G
(Thr584Thr), and 2424T>C (Ser808Ser) and nine nonsyn-
onymous SNPs, 29C>A (Ala10Glu), 325T>A (Tyr109Asn),
451A>G (Asnl51Asp), 733A>T (lle245Phe), 793G>A
(Glu265Lys), 1543G>A (Val515l1le), 1572T>G (Phe524-
Leu), 1666A>C (Ser556Arg), and 2678A>G (Asn893Ser).
451A>G  (Asnl51Asp), 325T>A (Tyr109Asn), and

" 2678A>G (Asn893Ser) were found at frequencies of 0.009,

0.003 and 0.003, respectively. The others were detected as

. single heterozygotes (allele frequencies = 0.0015).
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In the 5’ flanking region, all four detected SNPs (-
609C>T, -477T>G, -266C>A, -243G>A) were newly
found at relatively high allele frequencies (0.006-0.05).
However, these SNPs were not located near the proposed
cis-regulatory promoter elements (Shestopal et al. 2000).
The remaining 21 novel variations were found in intronic
regions. Of these SNPs, IVS5-115G>A, IVS12-11G>A,
and IVS14-123C>A were detected with allele frequencies
of 0.021, 0.038, and 0.155, respectively, but others were
rare (<0.01). They were not located in the exon-intron
splicing junctions or branch sites.

Seventeen variations were already reported. The ID
- numbers in the dbSNP databases or references for these
SNPs are described in Table 2. The well-known nonsyn-

onymous SNPs, 1627A>G (*5, lle543Val), 2194G>A (*6, .

Val732lIle), 85T>C (*9, Cys29Arg), and 1003G>T (*11,
Val335Leu), were found in thisl study at allele frequencies
of 0.283, 0.015, 0.029, and 0.0015, respectively. The allele

frequencies of two reported SNPs, 496A>G (Mét166Val)
and 2303C>A (Thr768Lys), were 0.022 and 0.028, .
respectively. Recently, 1774C>T (Arg592Trp) was repoi-

ted from a Korean population (Cho et al. 2007), and its -
allele frequency was 0.0015 in this study. Nine intronic .

variations, IVS10-15T>C, IVS13 + 39C>T, 1IVS13 + 40

G>A, IVSIS + 75A>G, IVS16-94G>T, IVS18-39G>A,

IVS21 + 136G>C, IVS22-58G>C, and IVS22-69G>A,
and one synonymous variation, 1896T>C (Phe632Phe),
were found with various allele frequencies (0.003-0.378,
Table 2). The variations previously detected in Japanese
(Kouwaki et al. 1998; Yamaguchi et al. 2001; Ogura et al.

2005), 62G>A (Arg21Gln, *I12), 74G>A (His25Arg), -

812delT (Leu271X), 1097G>C (Gly366Ala), 1156G>T
(Glu386X, *12), and 1714C>G (Leu572Val), were not
found in our study. This might be due to their low
frequencies.

Linkage disequilibrium (LD) analysis and haplotype
block partition

LD analysis was performed by 7 and I/ using 18 SNPs

(allele frequency 20.01) (Fig. 2). Strong linkages were
observed in four pairs of SNPs: between 477T>G and

85T>C (Cys29Arg) (r* = 0.7025), between 496A>G
(Met166Val) and IVS10-15T>C (# = 0.7964), between
1627A>G (Ile543Val) and IVS13 + 39C>T (7 = 1.0), and
between IVS14-123C>A and IVS15 + 75A>G (7 = 1.0).
In addition, two known rare SNPs,
(rs290855) and IVS22-58G>C (rs17116357), were per-
fectly linked (¥ =1.0) (data not shown). As for ID'I

values, only 43 pairs (28%) out of 153 pairs gave D'l = .

1.0, indicating that a number of recombinations had

occurred within this gene. This is not surprising because

IVS22-69G>A -

DPYD is a huge gene of at least 950 kb in length with 3 kb
of coding sequences. However, it was difficult to estimate
past recombination events in DPYD from our data alone
because our variations were mostly limited to exons and
surrounding introns.

To define haplotype blocks, we utilized the HapMap
data because SNPs were comprehensively genotyped with
an average density of 1 SNP per 1.8 kb. Of 1,002 variations
of DPYD genotyped by the HapMap project, 474 SNPs
were polymorphic for 44 unrelated Japanese subjects.
When the LD profiles for Japanese were obtained by
Marker using the HapMap data, strong LD (Il > 0.75)
clearly decays within introns 11, 12, 13, 14, 16, 18, and 20
(data not shown), suggesting that recombination had
occurred in these regions. Based on these findings, the
SNPs detected in our study were divided into six haplotype
blocks (Figs. 1, 2). Block 1, the largest block, ranges from
the 5'-untranslated region (5'-UTR) to intron 10 (347 kb),
and includes 22 variations. Block 2 includes eight varia-

. tions from IVS12-11G>A in intron 12 to IVS13 + 40G>A

in intron. 13. Block 3 includes six variations from IVS13-
47_48insTA in intron 13 to IVS14 + 100T>G in intron 14.
Block 4 contains only three SNPs, IVS14-123C>A, IVS14-

21C>A and IVS15 + 75A>G, and ranges from intron 14 to

intron 15. Block 5 consists of IVS16-94G>T and four rare
variations from intron 16 to exon 18. Although the Hap-
Map data showed a decline in LD in intron 20, we defined a
block ranging from intron 18-to intron 22 as block 6
because only rare variations (allele frequencies <0.01)
were detected downstream of intron 20 (exon 21, intron 21,
and intron 22). The block partitioning based on the Hap-
Map data fitted our SNPs well: more than 70% of SNP
pairs in each block (block 1-6)"gave pair-wise ID'| values
greater than 0.8 (Fig. 2).

Haplotype estimation

Using 22, 8, 6, 3, 5, and 11 variations in blocks 1 to 6, 23
(block 1), 8 (block 2), 7 (block 3), 3 (block 4), 6 (block 5),
and 11 (block 6) haplotypes were identified or inferred
(Fig. 3). Probabilities of diplotype configurations in all six
blocks were 100% for over 97% of the subjects. To dis-
criminate our block haplotypes from the previously
assigned alleles or haplotypes (DPYD*] to *13), the mark,
#. was used to indicate block haplotypes.

In block 1, the most dominant haplotype without any
variation was *J/a (0.818 in frequency), followed by *1b
(0.045), *9¢ (0.022), and *I¢ (0.021). As suggested by LD

_(Fig. 2), *9c, the major subtype of the #9 group bearing

85T>C (Cys29Arg), also harbored -477T>G in the 5'-UTR.
Known nonsynonymous SNP, 496A>G (Met166Val), was

“assigned to three haplotypes, *9d, #166Va, and *166Vb.
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Flg. 1 Twemy-one vanatlons detected in the codmg exons are
deprcted in the schemanc diagram of the DPYD gene. Fourteen novel
variations are enclosed by squares. The recombination spots were
estimated based on the LD profiles obtained from Japanese data in the

In block 2, four haplotypes, *1a (0.529), *5a (0.245), *1b
(0.176), and #Sb (0.038), were major in Japanese and
accounted for 99% of all inferred haplotypes. Two sub-
types of the *5 group, #5a and *5b, both of which harbored
Ile543Val (*5) and IVS13 + 39C>T, were distinguished by
a novel intronic SNP, IVS12-11G>A.

As for block 3, in addition to *a (0.848), *1b harboring
the synonymous SNP, 1896T>C (Phe632Phe), was found
at a relatively high frequency (0.138).

Block 4 is simple and comprises only three haplotypes
*1a (0.845), *Ib (0. 154) and *1c (0.0015). The second
frequent haplotype, *1b, harbored perfectly linked SNPs,
IVS14-123C>A and IVSi1s + 75A>G. .

Block 5 contained IV816-94G>T the most frequent
SNP among the 55 SNPs found in th1s study, which was

assrgned to *Ib with a frequency of 0.374. This block also-

contained the known nonsynonymous SNP, 2194G>A
(Val73211e *6), whlch was assigned to *6a (0.015)..

" Inblock 6, the most dominant haplotype was *1a (O 915).
It was followed by *Ib (O 032) with IVS18-39G>A and
#768K (0. 028) with 2303C>A (Thr768Lys).

The HapMap data include nine SNPs that we detected
(Table 2). Of them, six, 85T>C (rs1801265), 496A>G
(rs2297595), 1627A>G  (1s1801159), . 1896T>C
(rs17376848), IVS16-94G>T (rs7556439) and IVSI18-
39G>A (rs12137711), were suitable for haplotype tagging
SNPs (htSNPs) to capture the block haplotypes, block 1 #9,
block 1 166V, block 2 *5, block 3 *1b, block 5 *1b, and
block 6 *1b, respectively. IVS21 + 136G>C (1s11165777)
and IVS22-69G>A (rs290855)/IVS22-58G>C (rs1711
6357), were the marker SNPs for block 6 *Je and *If,
respectively, but very rare (all_ele frequencies = 0.003) in
Japanese The six. SNPs, especially 85T>C (rs1801265)
and 496A>G (rs2297595), were in strong LD (# > 0. 8)
w1th other HapMap SNPs inJ Japanese (Table 3), indicating
that many HapMap SNPs were concurrently linked on the
same haplotypes.
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HapMap project and indicated by arrows. The borders (between
introns 8 and 18 of the DPYD) and core region (between introns 12
and 16) of FRAIE identified by Hormozian et al. (2007) are indicated
as an open and closed box, respectively

Next, the combinations of block haplotypes (inter-block
haplotypes) were analyzed focusing on the haplotypes with
frequencies of >0.01 in each block (Fig. 4). Between
blocks 1 and 2, both *1a and #1b in block 1 were com-
plicatedly associated with various haplotypes in block 2. It
should be noted that #9¢ in block 1 was linked either with
block 2 *1 b (0.016 in absolute frequency) or with block 2
#Sa (. 006 not shown in Fig. 4). *Ic in block 1 was
completely linked with block 2 #/a. #151D in block 1 (not
shown in Fig. 4), which was a rare haplotype (0.009)
harbormg 451A>G. (AsnlSlAsp), was completely linked
with #5a in block 2. -

Between blocks 2 and 3 both *5b and #Jb in block 2
were mostly linked with *Ja in block 3, whereas both *1a_
and #5a in block 2 were comphcatedly linked with *1 a,*1b,
or other rare haplotypes such as #1¢ (not shown in Fig. 4)
in block 3. Bet_ween blocks_'3 and 4 and between blocks 4
and 5, no strong. associations of block haplotypes were
observed except for the linkage of block-5 *6a to block 4
#]a. Between blocks 5 and 6, most of *1b and all of #6a in
block 5 were linked with *lain block 6. Although #1ain
block 6 was associated with various haplotypes in block 5,
*#Ib in block 6 was completely linked with #/a in block 5.

Among the six blocks, the following combinations were
major: *Ia (block 1)—#1a (block 2) —*1a (block 3)-*Ia
(block 4)-*1a (block 5)-*1a (block 6) (0.239 in frequency),
*1a-*Sa*1a-*1a-*1b*1a . (0. 081) *la-*1a-*1a-*1a
*1b-*1a  (0075), *la-*5a-*1a-*1a-*1a-*1a (0.070),
*1a-*1b-*1a-*1a-*1a-"1a . (0.060) and *la-*la-
*1b*1a-*1a-"1a (0.051). - '

Ethnic differences in distributions of DPYD SNPs
and haplotypes

‘We compared SNP and haplotype distributions in Japanese
with those in other ethnic groups reported in the literature



