DESCRI PTI ON AGENT FOR | MPROVI NG CANCER CELL ADHESI VENESS Techni cal Field

[ 0001] The present invention relates to an agent for inproving cancer cel
adhesi veness. Mre particularly, it relates to an agent for inproving cancer
cell adhesiveness, a cancer cell enrichnent filter and a nethod for testing
cancer cells. Background Art [0002] Enrichment of cancer cells is extrenely
significant in research 10 and clinical aspects, and if cancer cells present
in blood can be enriched, the enriched cancer cells can be applied to the

di agnosi s of cancer. For exanpl e, {THSCREITIIMNNi fi cant factor of a prognosis
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cancer patient 0 has just started suffering froma netastasis, however,

merel y oneSCTC i selpragbesniveniess. hi Mone rpadicndrdlypeit telates2@ banl lagor fidrood cells. On
the contrary, there are an overwhel mngly | arge nunber of _bl ood conmponents
such as erythr ocW@@V'élﬁ&all@[l&@E@Q}’@@"ﬂﬁsbla&%‘?em@g@?f&i ayfiltgrand 8 ext renel y

difficult to enri i.h a ver ow concentration so as to highly
sensitively, hi gh\%gmg&%t&knenﬁt a?*éﬁ%“‘% ghly specifically analyze the CICs. If

the Ca.'s are engy uRd Ag¢ 25met hod using, for exanple, nmagnetic beads,
density gradient centrifagation, a mcrochannel or a flow cytoneter, it is:
necessary to pefGf2mEariclangitioatiect: tcekaisnetenely vighificas it hesearehovery rate is
poor 1n S%E cas gnsd clinical aspects, and if cancer cells present in blood can be enriched,
the enriched cancer cells can be applied to the diagnosis of cancer. For
example, the most significant factor of a prognosis and a treatment of
cancer is whether or not cancer cells have metastasized at the time of
first medical examination or treatment. If cancer cells are spread to
15 peripheral blood at an early stage, it is a useful method for determining
disease progression of the cancer to detect circulating tumor cells
(hereinafter sometimes referred to as the "CTCs").
[0003] In a general cancer patient who has just started suffering from a
metastasis, however, merely one CTC is present in his/her blood per ten
20 billion blood cells. On the contrary, there are an overwhelmingly large
number of blood components such as erythrocytes and leucocytes in
blood. Accordingly, it is extremely difficult to enrich CTCs in a very
low concentration so as to highly sensitively, highly efficiently and
highly specifically analyze the CTCé. If the CTCs are enriched by a
25 method using, for example, magnetic beads, density gradient

centrifugation, a microchannel or a flow cytometer, it is necessary to
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TCs by utilizing a dlrﬁ‘erence in size has also been proposed (see,

example, Non Patent Literatures 3 to 5 and Patent Literature 1).
[0005] It is known that contact of blood with a surface of a medical
material for an artificial heart-lung machine or the like causes an
adverse reaction such as induction of thrombus formation or hemolysis
due to activation of a complement system or activation of blood
platelets. It has been reported that it is effective, for solving this
problem, to coat a surface of a medical material with a prescribed
compound (see, for example, Patent Literature 2).
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Summary of Invention
Technical Problem
[0008] Cancer cells such as CTCs have a larger size than blood cells
15 present in blood, such as erythrocytes, leucocytes and blood platelets.
Therefore, theoretically, cancer cells can be enriched by removing these
blood cell components by applying mechanical filtration.
[0009] A membrane filter described in each of Non Patent Literafures 1
and 2 has, however, randomly distributed pores and the pore size is
20 ununiform, and therefore, a recovery rate of cancer cells is poor in some
cases. Furthermore, even in using a filter, as described in each of Non
Patent Literatures 3 to 5 and Patent Literature 1, having a pore size and
a thickness accurately controlled, it is sometimes difficult to enrich
cancer cells with accuracy sufficiently high for precise analysis.

25 [0010] The present invention was achieved in consideration of the

aforementioned problems, and an object of the present invention is to



[ 0009] A nenbrane filter described in each of Non Patent Literatures 1 and 2
has, however, randomy distributed pores and the pore size is 20 unmunform
and therefore, a recovery rate of cancer cells is poor in sonme cases,
Furthernore, even in using a filter, as described in each of Non Patent
Literatures 3 to 5 and Patent Literature 1, having a pore size and a thickness
accurately controlled, it is sonetines difficult to enrich cancer cells with
accuracy sufficiently high for precise analysis, 25[0010] The present

i nvention was acht | apeobfesiiniproairigoranosr delladhsirenpsiihitdmerbapleobl ems, and an

obj ect of the present inventjon is to rovide a ent..for Lnproving cancer
cell | adhesi vengsg?tlﬁ@f‘;‘ﬁ"\ég éélliﬁﬁlelgeséf?ﬁ . SK'/EICIFIISS' ad‘ﬂ%ag‘?feﬂlﬂg‘g 6# an\éler gc_el l's.
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filter whose surface i's coa e agent for 1 nproving cancer cell

adhesi veness.  5g@ifidelis aou@ddeith @ feht RF ihpovikeasd ctilvéitkiveresss to provide a
nmet hod for testing cancer cells conprising a step of filtering peripheral

bl ood wit h5t he c&tibemoibet bbjestrafcherpreserftiihvaation Solouprovide taom@hoblfem [ 0011] There

has been a conventi.onal probJemin which co ct of , 10 ood with a surface
of a nmedical nat &SHRE Cmpraeﬁsgﬁomppﬁ@gg St%af%‘ﬁqrﬁﬁd’%éﬂ?ﬁgoﬁ %ithe |i ke causes

an adverse react %%%aﬁé’e‘f%elﬁémjc%%ﬁthﬂé} of thronbus formati on or henol ysis due
to activation of "a conple At systemor activation of blood platelets. It is

known that even ghi#oaq6 peepes | Nto contact with a surface of a nedical

mat eri al, adhesiveness of 15 blood cell conponents to the surface of the .

medi cal mat eri al [&HA] Bdeteokwsr bebnby conwdritiogalt preblenr fracehidf codtectnefdi cal mat eri al
sing a constitutjonal unit represe the foll owi ng

with a polynmer c ri . sented b .
formula ( BS, o) 8@61 Wit 2 fivfasesal p dnagdicabmaseriah forsan F\@ﬁ%ﬁi%@ﬁ%ﬁ’gof t hr onbus
formati on or heniQlysis be 1 nhi.bit uch proper.t: .inbit the 20
t hronbus formati gl%o%ﬁe hoércf‘ﬁgx}lg(?scagésésaaéls?gvﬁéﬁ%e%aggnb{uggaascléﬁ}éfgltoflb lity, [0012]
The present invepigmdud@ntatibh o HeptoMhid B 1R abtBlaBbh ¥ SdhfleSesoat ed withthe
pol ymer conprising the constitutional” unit represented by the follow ng ,
fornula (1) unexpetéredt yctbhtvs of bjoodyédeladhediiy knegs thao ceaniddloodel | s whil e
show ng | ower ed adhesj veness to 25bl ood cell caonponents, and thus, the present
invention was  comes into contact with a surface of a medical material, adhesiveness of 5
15 blood cell components to the surface of the medical material can be
lowered by coating the surface of the medical material with a polymer
comprising a constitutional unit represented by the following formula
(1), so that the adverse reaction such as the induction of thrombus
formation or hemolysis can be inhibited. Such a property to inhibit the
20 thrombus formation or hemolysis is designated as blood compatibility.
[0012] The present inventors have first found that a material surface
coated with the polymer comprising the constitutional unit represented
by the following formula (1) unexpectedly shows improved
adhesiveness to cancer cells while showing lowered adhesiveness to

25 blood cell components, and thus, the present invention was

accomplished.



acconplished. [0013] Specifically, the present invention provides an agent
for inproving cancer cell adhesiveness consisting of a polyner conprising a
constitutional unit represented by the following formula (1): [0014] [_r,  H2

0=0(1) Iri112 (2 c-c-ay" [0015] In the formula (1),
or a nethyl group, R2 is a nethyl group or an ethyl

1cl1.1 is a hydrogen atom
group, and mis 1 to 3.

[0016] Wien the agent for inproving cancer cell adhesiveness of the present
enrichnment 10 filter, the
adhesi veness of t&H3éSpeafivallys othe hpresentf myentadn tyvevifled taar age e i npr oved, soO

invention is applied to a surface of a cancer cell
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[0015] In the formula (1), R' is a hydrogen atom or a methyl group, R

is a methyl group or an ethyl group, and m is 1 to 3.

[0016] When the agent for improving cancer cell adhesiveness of the

present invention is applied to a surface of a cancer cell enrichment

10 filter, the adhesiveness of cancer cells to the surface of the filter can be

improved, so as to improve an enrichment ratio of cancer cells.

[0017] When the surface of a cancer cell enrichment filter is subjected

to a surface treatment for improving cell adbesiveness in order to

improve the enrichment ratio of cancer cells, not only the adhesiveness

15 of cancer cells such as CTCs but also the adhesiveness of the blood cell

components is improved in general. Therefore, the enrichment ratio of

cancer cells is not improved as a result, and hence desired envichment

performance cannot be attained. On the contrary, the agent for

improving cancer cell adhesiveness of the present invention can

20 simultaneously satisfy characteristics in a trade-off relationship, that is,

non-adhesiveness of blood cell components and adhesiveness of cancer

cells.

[0018] Furthermore, the present invention provides a method for



15 of cancer cells such as CTCs but al so the adhesiveness of the bl ood cel
conponents is inproved in general. Therefore, the enrichnent ratio of cancer
cells is not inproved as a result, and hence desired enrichnment performance
cannot be attained. On the contrat-y, the agent for inproving cancer cel
adhesi veness of the present invention can 20 sinultaneously satisfy
characteristics in a trade-off relationship, that is, non-adhesiveness of

bl ood cell conponents and adhesiveness of cancer cells. [ 0018] Furthernore,
the present i nveﬁﬂpr@ﬁﬂﬁr@\hﬁmeﬁ HeeRed ey to ¢ W@Wr@@mﬁﬂﬁé&a\ﬁéﬁﬁ’ess of cancer
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[0019] Hz C - CR+ 2 ésfeh‘%dlﬂ;tl%i% Qw% f?g{ngggr@][ hI nthe formula (1), R is a

hydr ogen at om or group, group or an ethyl group, and m
is 1 to 3. [0021]o0M9g present invention further provi des use of a pol yner
conprising a constitutional unit represented by the follow ng formula 10(1)

for inproving can eHzceIRI adhesi veness:

R«

[0020] In the formula (1), R" is a hydrogen atom or a methyl group, R?

0

is a methyl group or an ethyl group, and m is 1 to 3.
[0021] The present invention further provides use of a polymer

comprising a constitutional unit represented by the following formula

10 (1) for improving cancer cell adhesiveness:
[0022]
H
ferk
c=o (1)

'%c —&—o)w

[0023] In the formula (1), R' is a hydrogen atom or a methyl group, R?
is a methyl group or an ethyl group, and m is 1 to 3.

15 [0024] The present invention further provides application of a polymer
comprising a constitutional unit represented by the following formula
(1) to improvement of cancer cell adhesiveness:

[0025]



[0022] H2 -C -CR1+ C=0 H2 H2) 0C -C 0 R2 [0023] In the formula (1), R is a

hydr ogen atomor a nethyl group, R2 is a nethyl group or an ethyl group, and

inis Ito 3. 15[0024] The present invention further provides application of a
pol ymer conprising a constitutional unit represented by the follow ng fornula
(1) to inprovenent of cancer cell adhesiveness: [0025] (1) rn [0026] In the

formula (1), R is a hydrogen atomor a nethyl group, R2 is a nethyl group or
an ethyl group, and ut is_ 1 to 3.

Hy
¢ —cCR!

T=O (1)

’ Hz Hz
0—C —C —O0-+R?
m

[0026] In the formula (1), R is a hydrogen atom or a methyl group, R
is a methyl group or an ethyl group, and mis 1 to 3.
[0027] The present invention further provides application of a polymer
5 comprising a constitutional unit represented by the following formula
(1) to production of an agent for improving cancer cell adhesiveness:
[0028]

fopd

c-—-o (1)

ooy

[0029] In the formula (1), R is a hydrogen atom or a methyl group, R?
10 is a methyl group or an ethyl group, and mis 1 to 3,

[0030] The present invention further provides a cancer cell enrichment

filter consisting of a substrate having a plurality of through holes,

wherein at least a part of the substrate is coated with a polymer

comprising a constitutional unit represented by the following formula
15 (1):

[0031]

e
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[0027] The present invention further provides application of a polyner
conprising a constitutional unit represented by the followng formula (1) to
production of an agent for inproving cancer cell adhesiveness: [0028] C -CRL
| C=0(1) 112112 OC -C [0029] 1rt the formula (1), R is a hydrogen atom
or a nmethyl group, R2 10is a methyl group or an ethyl group, and mis 1 to 3,
[ 0030] The present invention further provides a cancer cell enrichnent filter
consisting of a substrate having a plurality of through holes, wherein at

| east a part of t[B@323uhshe frmulas(1yddtied hyiliogeaatonl ymemethyigroup) RY a
constitutional unit represented b% the followng fornula 15(1): [0031] c
c=tD(1) |H2 H2 0Gs &metlyl group or an ethyl group, and m is I'to 3.

- [0033] The polymer may consist of a constitutional unit represented by
the above formula (1). Furthermore, it is preferable that R is a
5 hydrogen atom, R* is a methyl group, and m is 1. Alternatively, R
may be a hydrogen atom, R? may be an ethyl group, and m may be 2, or
R' may be a methyl group, R? may be a methyl group, and m may be 2.
Besides, the polymer preferably has a number average molecular weight

of 10,000 to 300,000.

10 [0034] Such a polymer can further improve the cancer cell
adhesiveness,

[0035] The present invention further provides a cancer cell enrichment
filter consisting of a substrate which has a plurality of through holes and
at least a part of which is coated with the above polymer,

15 [0036] According to the cancer cell enrichment filter of the present
invention, cancer cells present in a blood sample can be enriched to a
high entichment ratio.

[0037] The through holes preferably have an average pore size of 5 pm
or more and less than 30 pym and an average aperture ratio of 5% or

20 more and less than 50%, and are preferably formed by an electrocasting
method. The substrate is preferably made of a metal. The metal is
preferably selected from the group consisting of copper, nickel, a
copper-nickel alloy, and any of these metals and alloy having a
gold-plated surface,

25 [0038] According to this cancer cell enrichment filter, cancer cells

present in a blood sample can be enriched to a further higher enrichment



[0032] In the formula (1), R is a hydrogen atomor a nmethyl group, R2 is a
met hyl group or an ethyl group, and mis 1 to 3. r00331 The polyner may
consi st of a constitutional unit represented by the above forrmula (1).
Furthernore, it is preferable that Rl is a 5 hydrogen atom R2 is a nethyl
group, and mis 1. Alternatively, R my be a hydrogen atom R2 may be an
ethyl group, and mnmay be 2, or Rl may be a nethyl group, R2 nay be a nethyl
group, and mmay be 2. Besides, the polyner preferably has a nunber average
nol ecul ar wei ght raafo. 10, 000 to 300, 000. 10(0034] Such a polymer Can farther

i nprove the cancer cell adhesiveness. [0035] The present invention farther
provi des a cancet0038] Themrésentmiswentian fiether prpyidss iangetbpd ois desetingt e whi ch has a

plurality of through holes and at, | east .a part_.of ,which i ated with the
above pol yner. 18’[38@%-] o\ AR Figlst SOW%S%gn%ethﬁtéqq § rioihﬁlg‘ﬁ’cngfi lter of the

present inventionq,. ; i ‘ anpl e can be enriched to a
hi gh enri chnent %rti}l?%?ﬁ?@Sg?ﬁlhﬁtﬁgE?ﬁrgg%eé%&ﬁfgpgglﬁﬁgﬁer ably have an average
pore size gf 5 t[H0MPAcIBdgaddhd aeshddeths Pradeninnsition, tAY praarecaperture ratio
of 5% or 20 nore and |l ess than 50% and are preferably fornmed by an

el ectrocasti ng mef fveucer Tels sutis s &2 ECS & mle!éplmrdblblyOM§e®¢d drometaal . The net al
is preferably sel ected from,ﬁhg rg‘gp consi sting of copper, nickel, a

copper - ni ckel al PBYENT SHHPELHIGECtFHeSe netal s and al | oy having a gol d- pl at ed

surface, 2510050l BB AAASE SRty S0 P KBTS0 e

of cells having been enriched in the filtration step, and may further :

10 include a step of culturing cells having been enriched in the filtration
step. |
[0042] Since the cells are merely slightly damaged in the filtration step,
the step of analyzing a gene of the enriched cells or the step of culturing
the cells can be performed. When the method for detecting presence

15 of cancer cells of the present invention further includes such a step, the
presence of cancer cells such as CTCs in peripheral blood can be more
accurately detected,
Advantageous Effects of Invention
[0043] The present invention provides an agent for improving cancer

20 cell adhesiveness, a cancer cell enrichment filter whose surface is
coated with the agent for improving cancer cell adhesiveness and a -
method for testing cancer cells comprising a step of filtering peripheral
blood with the cancer cell enrichment filter.
Brief Description of Drawings

25 [0044] Figure 1 is a schematic diagram illustrating an embodiment of a

cancer cell enrichment filter.



ratio. [0039] The present invention further provides a nmethod for detecting
presence of cancer cells conprising a filtration step of filtering peripheral
bl ood with the cancer cell enrichnment filter, 5[0040] According to the nethod
of the present invention, the presence of cancer cells such as CICs in

peri pheral blood collected froma patient can be easily detected. [0041] The
test nethod may further include a step of analyzing a gene of cells having
been enriched in the filtration step, and nmay further 10include a step of

cul turing cells havi nfigeed ieapraphetowmgtrhelfiof Fxaerinmtdempld BH42] Si nce the
cells are nerely slightly damaged in the filtration step, the step of

anal yzi ng a genellbhithe Acppresnerlsciel ¢ Jelt ehaingd dp a@plyeid & WOlHRETt he cel |'s can

be perforned. Wen the nethgd for detectin esence .15 of, capcer cells of
the present inveﬁ@%‘?{‘ fO&F?’hgr COTHEP stosac‘%S‘@E s"[sbﬁaﬁ{‘e%tﬁba 01¥§1§n of cancer

CE b S 2 CCTER B AR A el T B Al 51 .
5 positive control.
Figure 3 is a graph showing results of Experiment Example I-4.
Figure 4 is a graph showing results of Experiment Example I-5.
Figure 5 is a graph showing results of Experiment Example 11-4.
Figute 6 is a graph showing results of Experiment Example
10 111-4.
Description of Embodiments
[0045] Preferred embodiments of the present invention will now be
described with reference to accompanying drawings if necessary, It is
noted that a like reference numeral is used to refer to a like element
15 shown in a drawing, so as to avoid redundancy. Besides, a part of the
drawing is exaggerated to be easily understood, and a size ratio in the
drawing does not necessarily accord with that mentioned in the
description,
[0046] In one embodiment, an agent for improving cancer cell
20 - adhesiveness consists of a polymer comprising a constitutional unit
represented by the following formula (1):
[0047]

oot

Cc==0 (1)

I Hy Hy
0—C —C —01TR2
m

10



[ 0043] The present invention provides an agent for inproving cancer 20 cell
adhesi veness, a cancer cell enrichnent filter whose surface is coated with the
agent for inproving cancer cell adhesiveness and a nethod for testing cancer
cells conprising a step of filtering peripheral blood with the cancer cell
enrichment filter. Brief Description of Drawi ngs 25[0044] Figure 1 is a
schematic diagramillustrating an enbodi nent of a cancer cell enrichnent
filter, Figure 2 is a graph showi ng results of Experinent Exanple 1-3,
in which A corre§pasiisn tie abovesiuhmulait gikled 4 hydmophyitom ar pohsthgr sol uti on
once, B corresponds to,a result obtained in applying the pol Xn’er sol ution

twice and C corr &sppn8s is 6 methesgionp obtasi sl HPUR B6oBiiilve Bonfrol, Figure 3

is a graph showi ng results of Experiment FE'xanple Figur.e i graph show ng
results of Experi“'i’éh["lff1 gg%lné(’li@@?r bat %f%éeipﬁyyﬁﬁﬁﬁwf?ﬁ@wlﬁﬁ#’esm ts of

Experi nment Exanp Pgur i r L D6k | Experi ment
Exanpl e 10111 4. It(%%(ioééqogt ?%%%M%%ﬁéﬂgf%%@%régg’ppggr gefrgr%odi ment s of
the present invegidilynéd ib i foen 05 tighidesd Mehde i elifceineehdndleiaconpanyi ng

drawi ngs if necessary, It is noted that a like reference numeral is used to
refer to a |ike ebmewates, Furthermore, in some cases, the polymer is difficult to

attain a number average molecular weight of 300,000 or more by
general radical polymerization.
[0049] The polymer can be typically produced by polymerization,
10 performed by a general method, of a solution of a monomer represented
by the following formula (2) with an appropriate initiator added. A
temperature at which the polymerization is performed is preferably
40°C to 100°C, more preferably 60°C to 90°C, and further more
preferably 70°C to 80°C. A pressure at which the polymerization is

15 performed is preferably normal pressure,
[0050]
H;C==CR"
C=0 @)

| Hy H;
0—¢ —C —0—+R1
n

[0051] In the above formula (2), R® is a hydrogen atom or a methyl
group, R? is a methyl group or an ethyl group, and n is 1 to 3.

20 [0052] In the polymerization, a sclvent capable of dissolving the
monomer represented by the above formula (2) can be used as a solvent.
Examples of the solvent include aliphatic or aromatic organic solvents,

and more specifically, examples include ether solvents such as dioxane,

11



15 shown in a drawing, so as to avoid redundancy. Besides, a part of the
drawi ng i s exaggerated to be easily understood, and a size ratio in the
drawi ng does not necessarily accord with that nmentioned in the description,

[ 0046] In one enbodi nent, an agent for inproving cancer cell 20adhesiveness
consists of a polyner conprising a constitutional unit represented by the
followng formula (1): [0047] 4 H21 (1) IH2 H2 O -G -0 [0048] In the above

formula (1), R is a hydrogen atomor a nethyl group, R2 is a nethyl group or
an ethyl group, &idhydrofigan and diathyd etharbbaloganeted grrommslie opdiacarbesisght of t he

polymer is preferably 10,000 10 300,000. If 'the er .ayer age, ,nol ecul ar

wei ght is 10, 000 5% P%é’s‘!‘g&?f"%ﬁ‘geﬁ?ﬂ §Rides such as PEE’@@FW&P’W?W&Ui d and hence
is difficult to @ . hem qt.e,. ] . es, the polyner
s ditticut o ArpSfes el RERIREDEPu Bk BRRLE ToeheRB¥s S836R000 or "more by
general radical pehXABRhEabLENL; dndOABhatlhByRedaysiRs wal ab@ckaii £al | y produced
by polynerization, 10 performed by a general nethod, of a solution of a
nmonomer repr esenpedatry artoagfwhitlown ghdr momehiasuych)aswlibkanans ppgfemplyi at e initi at or
added. A tenperature at which the polynerization is perfonned is preferably

40C to 100C, nor és%lr eferably 60C to 90C, and further nore preferably 70C to

80C. A pressure kch the polynerization,is 15perfornmed is preferably
normal pressure, %05‘3’? 18 None ' enthddtt, 44 agent for 1errov1ng Rinder &I

adhesiveness, consists of a polymer consisting of a constitutional unit
represented by the above formula (1).
10 [0054] In the agent for improving cancer cell adhesiveness, a
combination of R', R? and m of the above formula (1) is preferably any
one of the following combinations (a) to (h):
(a) R! is a hydrogen atom, R? is a methyl group, and m is 1 to 2;
(b) R' is a hydrogen atom, R? is a methyl group, and m is 3;
15 (c)R'is a hydrogen atom, R? is an ethyl group, and m is 1 to 2;
(d) R' is a hydrogen atom, R? is an ethyl group, and m is 3;
(e) R!is a methyl group, R” is a methyl group, and m is 1 to 2;
(f)R' is a methyl group, R? is a methyl group, and m is 3;
() R' is a methyl group, R is an ethyl proup, and m is 1 to 2;
20 and
(h) R' is a methyl group, R? is an ethyl group, and m is 3.
[0055] When the combination of R, R” and m is any one of the above
combinations, it is possible to further improve an effect of lowering
adhesiveness of blood cell components as well as improving
25 adhesiveness of cancer cells fo a substrate coated with the agent for

improving cancer cell adhesiveness.
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[0050] H2CG-=-G R3 C=() (,)-(H2 H2 C-C-0) R4 (2) [0051] In the above
formula (2), R3 is a hydrogen atomor a nethyl group, R4 is a nethyl group or
an ethyl group, and nis | to 3. 20 [0052] In the polynerization, a solvent
capabl e of dissolving the nononer represented by the above fornmula (2) can be
used as a solvent. Exanples of the solvent include aliphatic or aromatic
organi ¢ solvents, and nore specifically, exanples include ether solvents such
as di oxanc, tetrahydrofuran and diethyl ether; hal ogenated aromatic

hydr ocar bons sucli0(s%$] dn dowd | epitaldénasnen apgmdesors iraproaimg cancer cell

N, N-di nnet hyl fortnuni de; sul f nddes such as di xnet hyl sul foxide; aromatic

hydr ocar bons suchdkgsivsaesseifea sandonorersigmerafdblerk praelymenyaroesmtbons such as

hexane and 5pent ane,, anong whi ch an_et her | vent ., such as.di@xane is
preferably used FORBETSH ﬁ?gnlgmé%gd{e%eﬁ?r}teéﬁy tgsﬁPOY%FmFWﬂﬁ i # cancer cell

?gBEZLZﬁszsbyC?ﬁ@“ﬁ%ﬁ%@ﬁPﬁFﬁﬁFﬁﬂ§§?&QnsiSting of a constitutional unit

5 [0057] Examples of the monomer polymerizable with the monomer
represented by the above formula (2) include: alkylacrylamides such as
acrylamide, t-buty] acrylamide, n-buty) acrylamide, i-butyl acrylamide,
hexy! acrylamide and heptyl acrylamide; N,N-dialkylacrylamides such
as N,N-dimethylacrylamide and N,N-diethylacrylamide; amino alkyl
10 acrylates such as amino methyl acrylate, amino ethyl acrylate and amino
isopropyl acrylate; diamino alkyl acrylate such as diamino methyl
acrylate, diamino ethyl acrylate and diamino butyl acrylate; N,N-dialkyl
methacrylamides such as methacrylamide,
N,N-dimethylmethacrylamide and N,N-diethylmethacrylamide; amino
15 alkyl methacrylates such as amino methyl methacrylate and amino ethyl
methacrylate; diamino alkyl methacrylates such as diamino methyl
methacrylate and diamino ethyl methacrylate; alkyl acrylates such as
methyl acrylate, ethyl acrylate, isopropyl acrylate, butyl acrylate, hexyl
acrylate and 2-ethylhexyl acrylate; alkyl methacrylates such as methyl
20 methacrylate, ethy! methacrylate, butyl methacrylate and hexyl
methacrylate; alkoxy (meth)acrylates such as methoxy (meth)acrylate;
alkoxy alkyl (meth)acrylate such as methoxy ethyl (meth)acrylate; and

glycidyl methacrylate and propylene.
[0058] The monomer to be polymerized with the monomer represented
25 by the above formula (2) may be one or more moriomers selected from

the group consisting of alkyl acrylate, alkyl methacrylate, alkoxy

13



10[ 0054] In the agent for inproving cancer cell adhesiveness, a conbination of
RI, R2 and mof the above formula (1) is preferably any one of the follow ng
conbi nations (a) to (h): (a) Rl is a hydrogen atom R2 is a

met hyl group, and mis Ito 2; (b) RI is a hydrogen atom R2 is a
met hyl group, and mis 3; 15(c) R is a hydrogen atom R2 is an ethyl group,
and mis Ito 2; (d) R is a hydrogen atom R2 is an ethyl group, and mis 3;
(e) Rl is a nethyl group, R2 is a nethyl group, and mis 1to 2; (1) R is a
met hyl group, R2(msthjmcrgathydlkauyoaikyl @mth)aciyéatg; glycidyl methacrylate 4ng) Rl is a

met hyl group, R2 is an ethyl group, and mis 1 to 2; 20and (h) Rl is a
met hyl group, R2PI®YEHCethyl group, and mis 3. [0055] When the conbination of

R, R and in is e of the ab combinations, .it.is,possible to further
mor ove an e f eclobp) H5efpaliEangs (. iBT0-08" 5PBSd v dBoiBhEnc s os vel | as
i nprovi ng 25adhegiupness M GRNBYe-A8lckised gognwl%lé MshorRatad ¥ th the agent
for inproving cancer cell adhesiveness. [0056] |In one enbodi nent, an agent
for inprovisng caageroneed! aackhdsivespedanérs @ biwkdarpotyome! ynken, gafibl ock
copolyner or a graft copolyner of a nonomer represented by the above fornul a
(2) and anot her paitofyraer aetbmay b herdueed by sosd ramiainpelyseszatidieiatononer
pol yneri zabl e wi th the noner re rese?hgg by t he abogghfﬁgnula (2) include:
al kyl acryl ani desPERHERTEEOL POYRRFIZR O UHHENS |2 A SRS A& Wut yI - aer yI ar ni de,
i -butyl actylam (VARE=Na0 Ba [JF-TaTo N4 T=T0' Ve 250A84 (2) and
N, N- di al kyl acryl m%ggﬁg‘!&@eas&ﬁiﬂl\k 3?%& ﬁlyl argpjae%&(rtz)l e an () an
N, N-di et hyl aeryl dnd gelymarizdble aldtymer are copolymerized with each other, the
10 content of the monomer represented by the above formula (2) is
preferably 30 to 99% by mass and more preferably 50 to 99% by mass
in the resulting copolymer.
[0061] The polymer comprising the constitutional unit represented by
the above formula (1) can be typically produced by polymerization
15 performed by random polymerization, ion polymerization,
photopolymerization, polymerization utilizing a macromer or the like
with an initiator appropriate for the solution of the monomer represented
by the above formula (2) added thereto, and as occasion demands, with
one or more of the polymerizable monomers added thereto. A
20 temperature at which the polymerization is performed is preferably
40°C to 100°C, more preferably 60°C to 90°C and further more
preferably 70°C to 80°C. A pressure at which the polymerization is
performed is preferably normal pressure.
[0062] In the polymerization, a solvent capable of dissolving the
25 monomer represented by the above formula (2) and the polymerizable

monomer can be used as a solvent. Examples of the solvent include
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10 acryl ates such as am no nethyl acrylate, amno ethyl acrylate and am no

i sopropyl acrylate; diam no al kyl acrylate such as diam no nethyl acrylate,

di at nino ethyl acrylate and diam no butyl acrylate; N, N-dialkyl

nmet hacryl atni cl es such as rnethacrylatriide, N, N-dirnethyl nethacryl am de and
N, N- di et hyl net hacryl am de; am no 15 al kyl nmethacryl ates such as am no net hyl
rnet hacryl ate and am no et hyl nethacryl ate; diarnino al kyl nethacrylates such
as diam no nmethyl methacrylate and diam no ethyl nethacrylate; al kyl acryl ates

such as net hyl agliphatit @r afdoatlc @ganit aéleenté,mrirmmylsmﬁﬁwll?; exanipldsyl acryl ate,
hexyl acrylate and 2-ethyl hexyl acrylate; al kyl methacrylates such as net hyl

20 met hacryl at e, insfusigl ethent beleents aveh apudigranaetditabydrofiren and diethyl

met hacryl ate; al koxy (meth)acryl ates such as nmethox-y (neth)acrylate; al koxy
al ml (rr:at {1) acryéletg‘?é @E@ﬁ@%gﬁ\é@%&&h PRADITHSLHY a&%@@ﬁgrﬁ ERfgn !ycij dy!th N
met hacryl ate an ; : ] ized wi e
nononer yr epr eseng@é&%ék@??%g\l,lglbcgblgﬁ'&;ﬁ%mn%@d%@%de%%u%’nﬁg?@iﬁf@le nononer s

sel ected fisom t heul@radw #enaie hiMacabodl kyh acbyzRhe andltslendeindacryl at e,

al koxy (neth)acrylate, alkoxy alkyl (meth)acrylate, glyeidyl nethaerylate and
propyl ene, [ 0059plifttatic dyyguicyrbons oficht mrehemanemed peelong semingdwhightane above

formula (2) and the above-descr| bed pol j zabl e nononmer can be any one of a
r andom copol yner ?tlﬁr?ﬂ?‘@@iis‘ifgﬁélwegli’dgfgreaéiry&lsfed-copol ymer, and may be produced
by any of rando I.Zat i i ] i i.0 Lzation utilizing
a macroner and {TL@%PYI;@.&“[ gf%g?e%@g Wégﬁéo@&rr g%lr %@_é%@ék%y}s( he above
formul a (2) and hhaicaabw®ifaédbl 8 sUBMAMLsF AbmcePBa wihheadfintd each ot her,
the 10 content of 'the nononer represented by the above formula (2) is

pref er abl 1030 t otl@olkd)\blowd sompatibibiyeispingfeeedbbnyd 8endep DG Hitemmss in t he

resul ting copol yner FO0611 The pol ymer conpri si t he constitutional unit
represented by t h@uggfowt@ ?qﬂt%wat?l(bﬁodcaﬁﬁggw 9‘58%aﬂ|09mﬁ9w&ﬁc@ab@y

polyrer 2al) on LRSI R, Rl SURORRE YRGS AR B B 22 00,
o P P LR sl Roluk ool hachoms g asopan by Ll shove
pol yneri zabl e nofiememgrowiide cdcanbar etld. adhesiveness is applied is good in
| 15 adhesiveness to various cancer cells, cancer cells can be efficiently
enriched.
[0064] Although the polymer comprising the constitutional unit
represented by the above formula (1) has, in its molecule, an ether bond
and an ester bond as a polar group, such a polar group does not show
20 strong electrostatic interaction with a biological component differently
from a nitrogen atom (an amino group or an imine group), a carboxyl
group and the like, Furthermore, since the polymer has no large
hydrophobic group, the hydrophobic interaction is also small. It is
therefore presumed that the polymer comprising the constitutional unit

25 represented by the above formula (1) has low activity against blood and

shows excellent blood compatibility.
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20 tenperature at which the polynerization is perfonned is preferably 40C to
100C, nore preferably 60C to 90C and further nore preferably 70C to 80C. A
pressure at which the polynerization is perfornmed is preferably normal
pressure. [0062] In the polynerization, a solvent capable of dissolving
t he 25nononer represented by the above fornmula (2) and the pol ytnerizable
nononmer can be used as a solvent. Exanples of the solvent include aliphatic
or aromatic organic solvents, and nore specifically, exanples include ether
sol vents such as [@jé6k dmegontaet rhatwetnod unadicanchatiriel kytfacet hed ;prétainogenat ed
aromati c hydrocarbons such as o-dichl orobenzene; am des such as

N, N-di met hyl f or mitasente insal piptogied dovs #5 blovdt Ny 15 meferadla dbat ar omati ¢

hydr ocar bons such,as benzene and tol uene; d al i phati c hydrocarbons such as

hexane and pent aﬁ@gorg}p&z%enmag’wngﬁ a@t‘%‘@?ﬁ?‘?ﬁe‘?ﬁ’{e@rb?ﬂesa{@ﬁ?}?’a is preferably
used. [0063] Wen,t far.d MRMn ncer, LI leﬁfﬁ? s is applied
to a surface of gorsu Séﬁglgéﬁge’o? zlaég%]cer gse gﬁrrfdéﬁrretrl%t I ?ﬁg‘?ﬂ%ﬁ 10 the liKke,

bl ood conpati bi | iidigraétsor b riiedlechowatiteit@actioh, the &) ld@y ntaaditodught into
contact with blood, activation of blood conponents can be inhibited, so as to
reduce adhesi on woforkingbetween bubstrpesneddso Femithis ppint pEviewrthetshdaceor e, since the

cancer cell enrichnent filter.to which the agent for inprovi.ng cancer cell
adhesi veness is %b‘g’ﬁlcé&h‘f Eegbivg Aoy HE cgm%g?@@ SyeRess éwph?fgcaélancer cell s,
cancer cells can . 141Gl I 4] Al though the pol yner
conprising the Cg%’@ﬁ{ﬁdﬁ%@{;% LI}{utﬁllﬁ Spgg%g%rg%%g% by the above fornula (1) has,

inits nolecul e, [GOE6RFIAKeBRNE saiRd tansueRteio WRIRH tRSa@nPRh &hp@vdgp, such a
pol ar group does not show 20 strong el ectrostatic interaction with a

bi ol ogi callOconponamer deélt dhasivehsssfis appléednhasr mgderatathydrqphiiciy exengr oup or an
has. nb Farge. hyaPOBROBIGMSN IO, SRy G PG HOh PEHAEe | B ST s snal | 1t
's therefore pregingl Lited R%r88! YHE hSO bR BIOAE SRRkt Lonal unit
shown. Moreover, it is presumed that interaction with a biological
component via a hydrogen bond derived from a hydroxyl group,
15 denaturation of adsorbed protein and the like can be inhibited.
[0067] By applying the agent for improving cancer cell adhesiveness to
the surface of the substrate of the cancer cell enrichment filter or the like,
adhesion to the filter of blood cell components such as erythrocytes,
leucocytes and blood platelets can be reduced, and at the same time,
20 cancer cells can be selectively and efficiently captured. The details of
the mechanism of showing this fanction has not been clarified yet, but
the present inventors presume that the mechanism can be explained by
using concept of intermediate water.
[0068] Specifically, it seems that water in contact with the substrate to
25 which the agent for improving cancer cell adhesiveness is applied

includes (1) free water that has weak interaction with the agent for
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25represented by the above fornmula (1) has |ow activity agai nst bl ood and
shows excellent blood conpatibility. [0065] In contact between a nedi cal

mat erial surface and protein present in a biological tissue or blood, it is
preferabl e that adsorption/denaturation or activation of the protein does not
occur, and for this purpose, it is regarded useful to reduce the hydrophobic

5 interaction and the electrostatic interaction, that is, large interaction
wor ki ng bet ween substances. Also fromthis point of view, the surface to which
the agent for inmnhgwving cameercdlelddheivipsisvandsy insolepplat edPGGa@)obe provi ded
with a suitable surface structure. {0066] Furthernore, since the surface to
whi ch the agent foleazalleovpisy tha hesindeng c Bitiracivhe iiibe s 226% #3pl i ed has

noderate hydrophilieity, even nijt cones,into contact wt ood, bl ood
platelets are nemrﬁ?vgjéicé?ﬁef961%%@8‘_‘?5%?%%?5 nghg'e?ziqﬁpn\éi-é@p‘!t)(l‘em bl ood
compat 1 DI 1Tty | o 2@hieHURRY Ghtor it has ALSRMIR Gurb i ObEORER ifgh WL a
bi ol ogi cal conponent “via a hydrogen bond derive roma hydroxyl group,

15denat ur ati on ofreadans had tHenoifeembindatehand frkees ana Reperubiléwed. [ 0067] By
appl yi ng the agent for inprovi n% cancer cell adhesiveness to the surface of
the substrate of thahe0Yancélormel blandr iceltardonm fa lnydration shied Witketheadhesi on to
the filter of blood c conponents such as eth%tﬂggocw eséé}I}ee cocytes and bl ood

Il
platel ets cart bBUWEEEAE Faletne FRICRIRIALE WAteY pAS AoE ¥'s can be
| ectivel d i Gl | i f i f show
selectively an %x{téc(f'\gf?ﬁ e %g%tgfoggm}pg&ngﬁﬁeh%eﬂ adh@ﬁv%g@ﬁdsm or show ng

this function has not been cl e present 1 nv ors presune

that the mechani §gceabredetdxReal BREheb Yo Ui thydeitiea Petr@itudeNntiaf mai at e wat er .
[ 0068] Specifically, it seems that water in contact with the substrate to

25whi ch t i agentnfreazablaprasen stopnghnefecteeby thellstrgitvienes e ageappiti ed i ncl udes

1) free water that has weak interaction with t agent _for
(1) rJlnpr()vmg cancer (I:erflt adhes}vleness % proba%?y camouflaged by the

intermediate water, so that adhesion of the normal blood cells to the
substrate surface is inhibited. On the other hand, since cancer cells are
different from the normal cells in expression of sugar chains on cell

15 surfaces, the hydration structure is probably disordered as compared
with that in the normal blood cells. This seems to disturb the structure
of the intermediate water on the substrate surface, so that the
adhesiveness of the cancer cells to the substrate surface can be
improved.

20 [0069] The agent for improving cancer cell adhesiveness is applicable
to all the types of cancer cells, and is preferably applied to epithelial
cell-derived cancers that easily infiltrate into blood vessels, and among
such cancers, the agent is particularly preferably applied to lung cancers,
digestive cancers such as colorectal cancers, stomach cancers and

25 esophageal cancers, breast cancers and prostatic cancers, which are

regarded to produce a large number of CTCs.
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i nproving cancer cell adhesiveness and is nolten at 0C, (2) unfreezable water
that has strong interaction wth the agent for inproving cancer cell

adhesi veness and does not freeze even at -100C, and (3) internedi ate water
that has interaction internediate between the free water and the unfreezable
water and freezes at a tenperature |ower than OC. Normal blood cells forma
hydrati on shell with the unfreezable water, the internediate water, the free
water and the like in contact with the agent for inproving cancer cell

adhesi veness, andti¥hde oas embdbdihiehi, fledpresshnimvetidnyrevilysa edricencedlt r uct ure, but
the 10 unfreezable water strongly affected by the structure of the agent for

i nprovi ng cancer epl¢hmend ity vonaising of sr obabity whish tas yobumityt ofe i nternedi ate

ter, t hat hesi ft | Dbl . cells to t b t f i
i bi 0. On t nEHORHOPo RGN PR RN PriEh it SF VR TREFERE 17 om i he nor ma

[1s i i KIS [ A of : ti
Ctructure 18 proba  Aa S ARSI BB o B Tl °Bl oo

cells. Thi g seensaficer g¢lBtuch at 0 Cstpresehtinebl@id, t Bxampleg oMt @iedingat er on the
substrate surface, so that the adhesi veness of the cancer cells to the

substrate surfacehaparofisech tipouphdwle mohudoeFjretlnestagernn 4liptic shppovi ng cancer
cell adhesiveness is appljcable t Il the types of, cancer Ils, and is
_prtef etr)iabl é appl i Ié%?@”@“@’gis{“’rpél pg@u@gﬁr@%}gméﬁqu,?gg@fp@waﬁgwp? i Im‘i ltrate
into bl ood vessel,s nGce arly
preferably appli g‘dr(pglla%ng C n%grgga:p%glg%egﬁp%égﬁgggg?sloggﬁg%y g%’l or ect al

cancers, stonmachsgankaph @ddwdaesanirgeafrogdiesidypoditeRgicat@peglss and
prostatic cancers, which are regarded to produce a | arge nunmber of CTGCs.

[ 0070] In l6ne enbadbeefliciertlyecapreedt citewarrshapsy apreotengdsr shapamcer cel | :
enrichment filter caonsisting of a substrate which has a pluyrality of through
hol es and at | eaé?w‘geéé‘?qa%fﬂ%h% Ip §r‘?f6‘§{’]é(oemﬁlf’ﬁdt hgegdghtﬁ%ﬂlq mprovi ng

cancer cell adhes; S i Sfil f. i;chi cancer cells
such as C ECs prgise\gﬁ){a ﬁ}%noqu-lig%%@%xcgo%l‘déO%ﬁﬁfﬁl’é&bgéﬁﬁ%dg%%‘gg‘g? each t hrough
hol e i nchide a cish@éljﬁparﬁaﬂmgyp@mgd]ybﬂbj@e&hape, a rectangul ar shape, a
rounded rectangul ar shape and a pol ygonal shape. A rounded rectangul ar shape
is a shape havi n§g0GAMO Figyne 196 dashdnmtichibagsamellbstmating oamdnbedinsetndfci rcl es. From

t he viewpoi nt that cancer cells 10 can be efficiently captare.d, a circular
shape, a rleéct angal"a?angﬂ‘a{-‘ﬁﬂ e@%""@“@&fﬁ@éd f@%d@ﬁé’?%ﬁ&ﬁgaﬁgbﬁ?@@f erably

enpl oyed. Besi de f t AN:) Lnt, of , pravent | 0gal the filter, a
rounded rect angu?grha{s’ﬁg]ﬁegll ?ﬁb’a(\éﬁglcol@ggﬁogﬁgéﬁéf gﬁ‘%@ﬁﬁ@r@%&?%ﬁ%%O?l] Figure 1
is a schematic digghgihdlé 1034 4 Adunded KRN aPBNtCPEs 4@ chh@redancer cell
enrichment fitter, e filter 100 consists of a substrate 20 having a

plurality of thrausgtfadeodfesfadd30 dhike oplestriated2Os hdddeast a part hf tharfaed@® hole 10 is a
rounded rectangul ar shape. CICs are captured on a u(il_{ga,ce of a_face 30 of the
substrate 20. At 19 eepdad With kg agant fordmpaRans0ancsr eaf@WSIERSSS-t hECagent f or

i nprovi ng gancer cell. adhesiveness. The .20. agent, for [,ARr.QVi ancer cell
adhesi veng@s i's ﬁéeéq‘téc?rg R{g%%}at“%‘i“&&%‘lf aglheéw\?ﬁ%ﬁsés BIfef?%bg?f@%tg@%@& A part or .the
whol e of a face Mﬁbl&%ﬁlﬁ_ﬁa%ﬁ.a%p&@ obEhe @Eol&@%%e‘@pb&iﬁeh@ﬂﬁegem for
i nprovi ng cancer cell adhesiveness.

face 30 may be coated with the agent for improving cancer cell

adhesiveness.

[0072] As a method for applying the agent for improving cancer cell

25 adhesiveness to the surface of the substrate of the cancer cell

enrichment filter or the like, a coating method is the most generally
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[0072] As a nethod for applying the agent for inproving cancer cell

25adhesi veness to the surface of the substrate of the cancer cell enrichnent
filter or the like, a coating nethod is the nost generally enployed. The
coating nethod is perfornmed by allowing a solution of the polyner conprising
the constitutional unit represented by the above fornula (1) to adhere to the
substrate surface by a di pping nethod, a spraying nethod, a spin coating

met hod or the like, and then renoving 5 (drying) .the solvent. A thickness of a
filmattai ned af emiplayeyi nghd tvatisginednid it perdoratedbabillpwihgdd sahmidroofl, 0 nm nore
preferably 0.1 to 100 pmand further nore preferably 0.5 to 50 um If the film
t hi ckness i s smalhepolymerrcommisingrthe constitusighdsiniarerssented 4y toeabewel | conponent s

d adhesi t | | fficientl, i bjted i
cnseo. Al ternat | Jurpia [0 rdleseyi Y e S ERes be SDOMROR. 5 appr ehended
that bal ance bet ‘Q@%giny}ﬁé‘"tﬁo@%ﬁﬁf é’o%ﬂﬁ??ne?ﬁ}ﬁf &%Qiikéta‘nﬂihé?ﬁénﬁ%id\;%t In some
rde y fix

cases. [0073] In to ndre strong the agéeént for 1 nproving cancer

cel | adhesisvenesﬁm?mgy hige salbaitr ahethickhesssafhs filratagtaiiey ater eaigetheaf t er coating
15 with the agent for inproving cancer cell adhesiveness. Furthernore, the
pol ymer conpri si agivettds pefigebly 0l omwato UAimmy mpreggelttably bY ta k@ pivove fornul a

1) may be erosslinked. An exanpl e of cr.osslinkin thod i ncl udes precedent
gdzji ti gn of a cr@ed 'W@erﬁ'ggﬁ%ly toosatt%é&#éfflerﬁlaﬂ‘g tggl Bﬁgﬂlﬁﬁ Per . IF:)or t he
crossl i nkage, el , ) LEradiat] be used.

[ 0074] For gf orm g%%ﬂ%rr}h%ﬁgﬁgd%’té a %dhgél?’%%egg?o @gbéﬁggcoﬁ%g%dyn'er

conprising the coadsivieHéss 96 @hnoentélls 1RRY B5EDS Qeiib¥ndy extabiesdeinf@nfeul a (1) by -
plasma graft polymerization, plasnma-initiated polynerization is performed with
t he nmonomdl r epr esent edliosnativdy,abfothe fibinnlickné) exxBedspplli eun,aftt &r i rradi ation

f lowt t f d duced f, i mat el y
T3 % 101Ph.  pr ofBPRBIYIOR. i A, wvess Ganc SURGEPIGH QERGUERGTE of argon
nitrogen, air, a y%felgﬁg\ﬂs?oﬁeo%éﬁqmrs or the like for 1 to 300 seconds,

preferably 2 to secon I'n one enbodinent, the material and the
shape of the sub$teBl en afr RPhoRHMOALIF! h/the iaBbrit €6k inphshin@EarR¥AcHl €, a porous

body, fi ber,
adhesiveness on the substrate, the substrate may be heated after coating
15 with the agent for improving cancer cell adhesiveness. Furthermore,
the polymer comprising the constitutional unit represented by the above
formula (1) may be crosslinked. An example of a crosslinking method
includes precedent addition of & crosslinkable monomer to the materials
of the polymer. For the crosslinkage, electron beams, v rays or light
20 irradiation may be used.
[0074] For forming, on the substrate surface, a layer of the polymer
comprising the constitutional unit represented by the above formula (1)
by plasma graft polymerization, plasma-initiated polymerization is
performed with the monomer represented by the above formula (2)

25 supplied after irradiation of low-temperature plasma performed under

reduced pressure of approximately 1.3 x 10"'Pa, preferably 1.3 to 133.3
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5 nonwoven fabric, a film a sheet or a tube nmay be enpl oyed. Exanples of the
mat erial of the substrate include natural polynmers such as cotton and henp;
synt hetic polyners such as nylon, polyester, polyactylonitrile, polyolefin,
hal ogenat ed pol yol eftn, pol yurethane, polyam de, polysul fone, polyether

sul forte, poly(nueth)acrylate, a 10 hal ogenated pol yol efi n et hyl ene-pol yvi nyl
al cohol copol yner and a but adi ene-acrylonidrile copol ynmer; and m xtures

t hereof . Exanples of the material also include nmetals, ceram cs and conposite
mat eri al s thereofPa, andl uhlie @l bisdosphee rofyargais lnitdeped, plcussyt of yagbussubst r at es.
[0076] Exanples of the netal include but are not limted to noble 15 netals
such as gol d and nyinomers; orfiags ket Alte 3eUisagonds, profspaily 240 d0besangs. t ungst en

i ckel d ch ' d all . of t efal s, Such t al b i ngl
el g o o ) 38 o B SRL e SHo S SRy e, Sl
| mpar ting functi gpabi{ windbhAN fififed! SUPRHNLxIIL NE RESRCHERM Myl 1 ability,
ni ckel , copper or a net contal niig any o hemas a princi pal conponent

is preferably usegnwbeme fal@icprd Milipad shesponentrb@ansy ecempiyedt occupying
50% by weight or nore anong materials contained in the substrate. Such a netal
may be subj ect ed Exemplesobthetthasgria ptiyheosubstnie irickalefnafurlgrolinegs sitvhough hol es
therein, so as to be used as a screen, filter. [0077] A.general CTC has a
diametor of 10 i $nHORTAE hePe sy ﬁicaﬁfélyg}erso%u égll}yl‘?gfbaﬁ’fgyf’étqr’ength of the

| ongest straight |j -Of Eght, i ecti itrary two

poi nts on the oupwly%(gryg#ﬁtfl%é g@&{)l@?ﬁ gglsoggﬁaz?fgﬁ%q%ﬂﬂagwg%ég’pe. From t he

vi ewpoi nt of t hepgg,mﬁpl boli¥ulfhe bl Ragktizard sﬁlf&le?apélg(rhélﬁ)aﬁﬁlefté;f mance, the

t hrough hol es of "the cancer cell enrichnent titter have ‘an average pore size

of 5 preflérabl yhslogemutakr polyokfianethylesspolsainyB@lcpholanshodymervencdge aperture
ess than, 50% Furthernore, e average

ratio of preferably 5% or re. and t

pore size and t h3%@@%@%&%&?1{%@0%%&%@Wﬁ%@ﬁ el bxamles (ﬁfef erably 5 pm
or nore and | ess 4th a % d 9 d particularly
preferably 5 tunt%:r %%66}%1 g‘r@& plglsu;dgt%lgt%lsg%%%@&lthgﬁcgm%g%oﬁ%r%gg and | ess than
40% Here, an apegididbfeardahé SubIBAR P Indi®sa PlofiRf 8CsubYrdidke through holes in
the whole area of the filter. Fromthe viewpoint” of preventing clogging, the

aver age apert ur e [00%6] Exiasiples edfethabingtal amdede, biusrei foti imexd eedeblehe upper
limt, the filter may be degr(ilg%g Inits strength or may be difficult to be
wor ked i n orme &S suchmsgal §1ies) Rase mpetaly Suckias ppds ARMIEMMS | ower t han

5% the cancer cell enric nt, perf.ornmanc f the filter .m degraded in
some cases. [007@‘]“%}1@%?6 amlﬁip&g_o@il% ?rhdeg oygp(é}nﬁ.hﬁ%e g §Pﬁ§rathan a

circul ar shape, mnﬁ?&mr@ybggy&ﬁﬁ@p@useaaggﬁgmygwlﬁﬁnmpﬁe@ a rounded
rectangul ar shape, is defined as the raxi num val ue of dianeters of 20 spheres
t hat can pass thooagh ntete okhiedogimpacire functimahitya Fhapéhe Yitwpdiat apeni ng shape
is a rectangul ar shape, the pore size of the through hol e corresponds to the

length of the sh#a Pesegendotvatlpbilitye @ickelycepreimy 4 mefahsowpameiystlape i s a

ol ygonal ghape. it CoLY SSRONTS 180 tdiF ihATBLSY Bla ! Medk"EGiBggh © Tole of the

component means a component occupying 50% by weight or more
among materials contained in the substrate. Such a metal may be
subjected to photolithography or the like for forming through holes
therein, so as to be used as a screen filter.

25 [0077] A general CTC has a diameter of 10 um or more. Here, a

diameter of a cell means a length of the longest straight line out of
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25rect angul ar shape or a rounded rectangul ar shape, even when CTCs and

| eucocytes are captured by the through holes, there remains a space in the

| ong side direction of the opening shape. Since a liquid can pass through this
space, the clogging of the filter can be prevented. [0079] The thickness of
the substrate of the filter is preferably 3 to 100 pm nore preferably 5 to 50
pmand particularly preferably 10 to 30 pm 5 If the thickness of the
substrate is smaller than 3 pm the filter may be degraded in its strength and

hence may be di f fsirgight lifies dasincbi@icttingsabragasas poiftstoarthabinliek wi thef t he
t hi ckness of the substrate exceeds 100 pm the materials may be consuned in an

amount nore than cnlédemWamn wmithnaymicegseonieondieom t thereviewpoi #f thee substrate,

and hence, such a 10t hi cknes be di sadvant a eo S i,n cost and precise
Sorki g of the. s PEERAIEY ot Ry GRS SHELHRE R eiedes. [ 0080]

Subsequent |y, a gided O REOMCLIRNEDE AAIIEL, A@@gﬁ GhEAtof i1 ter of this

enbodi nent wil | escri pr oduci ng of this

embodi nent si s no r&@das@l Albyol inbid 8 le@NHan 30 (hhend bxhb%rageSap@muced by, for
exanpl e, an el ectrocasfing nethod (an el ectroform ng nmethod). The

el ectrocasti ng nesthodf pefaabigtShodr morevand tess than iﬁ%el Emtthe@pbmt theg i s provided
on a matrix and is then peeled 0 hot osensitive resist Elm (a

phot osensi ti ve IéV@?SeP@eéﬂﬁ@F@d5gﬂfgaégéﬂ%ﬁﬁgfm%ﬁm§F§WﬁV§@§’%@E@I or the
K2, N 2 TSl RS o AR 136, PREESL BORER ket e, o,
BT 8 b st st i g A
is renoved,0 and mhéﬁ()%lcmmd)mpméﬂﬁss tendfbs.i ddereldn dpgrivemstin ngasmounexposed
portion by atea occupied by the through holes in the whole area of the filter.
From the viewpoint of preventing clogging, the average aperture ratio is
preferably larger, but if it exceeds the upper limit, the filter may be
degraded in its strength or may be difficult to be worked in some cases.
15 Alternatively, if the aperture ratio is lower than 5%, the cancer cell
enrichment performance of the filter may be degraded in some cases.
[0078] Herein, a pore size in an openhing shape other than a circular
shape, such as an elliptic shape, a rectangular shape or a rounded
rectangular shape, is defined as the maximum value of diameters of
20 spheres that can pass through the through hole in such a shape. If the
opening shape 1s a rectangular shape, the pore size of the through hole
corresponds to the length of the short side of the rectangle, and if the
opening shape is a polygonal shape, it corresponds to the diameter of
the inscribed circle of the polygon. If the opening shape is a
25 rectangular shape or a rounded rectangular shape, even when CTCs and

leucocytes are captured by the through holes, there remains a space in
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25wet devel opment with a devel oper such as an al kal i ne aqueous solution, a

wat er - based devel oper or an organic solvent, or by dry devel opnent or the
like, and thus, a resist pattern is formed. Thereafter, the devel oped resi st
pattern is used as a mask, so as to plate portions not nasked but exposed on
the su' ostrate. Exanples of a plating nethod include copper plating, solder

pl ati ng, nickel plating and gold plating. After 5 die plating, the resulting
plating layer is peeled off fromthe support and the photosensitive |ayer, and
thus, the platinghd laygrsidesdiebtien ofthe dpeimgahapeeasine phqiidebn phe pl ating | ayer
is coated with the agent for inproving cancer cell adhesiveness by the

af or enent i oned n#uhegh thispaccathestoseing ofdhg filkeneembe preveried.i s obt ai ned, 10[ 0081]

| nbodi t i t ' . t h tecti
presence of cancMV7REIPE Gk of e uoPRLeiab Be efnori Ruhg e sanpl o
ith th ] [ ( | € [

such as ol Ce. bl GEn KESPEHIY S (hRaf md BB dhErtly 014 §LA0 °ThCT ke,

l'ynmph, a tisssue ff ik dhiclri@ksobtheadbaratd Renlailkethad 3nay, e flgechaybst peripheral
bl ood circulating through a body can be nost easily used. It Is useful neans

for deternining tiegagadoyrissgicnathoandaherancry heodiffeeudicto handlepinewarece of CFCs in
peri pheral_ bl od, [ 00524 The TELIGS o detect g, prsssnce g eancer cel < of
coLl ST TONNt G At 00, L EPAUEL My REELRETL B 008 Tt
channel by, for  mx L e g oy O e r eeS U e PSR R rom an il e
di rection16f t hettfickmessciran el disaalvasagiohsdn cost il ghiecasepweskeng ef il reduced from
an outlet direct i1?br;trgt]:: ittsg?n{cal' ‘é" crgeaglj%&dh ﬁgoﬁeggeQOd in which a peristaltic
punp i s used, y beco

[0080] Subsequently, a method for producing the cancer cell

enrichment filter of this embodiment will be described. The method

for producing the filter of this embodiment is not especially limited, and

15 the filter is produced by, for example, an electrocasting method (an

electroforming method). The electrocasting method is a method in

which a thick electroplating is provided on a matrix and is then peeled

off. First, a photosensitive resist film (a photosensitive layer) is

adhered onto a support of stainless steel or the like. Next, a mask

20 having a pattern of the opening shape of the through holes of the filter is

fixed on the photosensitive layer. Subsequently, light (activating light

beams) is itradiated through the mask. After the light irradiation, if the

support remaing on the photosensitive layer, the support is removed, and

then, development is carried out by removing an unexposed portion by

25 wet development with a developer such as an alkaline aqueous solution,

a water-based developer or an organic solvent, or by dry development or
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Furthernore, the area of the used filter is suitably 1 to 10 cnf it, for
exanple, CTCs are enriched from1l nil, of blood. [0083] Wen CTes are enriched
by the aforenentioned nethod, not only the CTCs but al so blood cells such as
:encocytes are 5 sinmultaneously enriched, Therefore, it is necessary to

det erm ne whether or not cancer cells are contained in collected cells. For
exanpl e, after enriching the CICs by the aforenentioned nethod, cells can be
verified as cancer cells by dyeing themw th an anti body agai nst a fl uorescent
| abel ed cancer mdiekiéke, atihthexanetiet pittetrhie famtddbodYierbbfigratheskevelomaincer mar ker

i ncl udes an anti-EpCAM anti body. 100841 Alternatively, cells can be verified
as cancer cells bspishpaitsziingsed agenaads se he te plajespritionneptiieaskedhvli ched by t he

af orenenti oned net hod, For, ex | e, e cells.can pe verjfjed,as cancer cells
by anal yzi g mut SEFORI o HogaNRTesn TS, oihreiiahed S CBRAF or - 15
APQO. Besides, th [BYAST %]ég : 0r e | e,
deternining a sugg@aegz)rl]a?ﬁ ng?%eé]lt &#ési{gpggﬁgé'%g?igfgg{ Plakﬁ 'eréng%’gi)vel y, the

cell's can lge ver iifd siatirgs tteasattingshiisg ki cmiegseléd o fitoed hiengset @eiti vity or the
l'i ke of the cells having been enriched the af orenentioned nmethcd. 20[ 0085]
Since the filtratlieqrhosusepsitives leysr, and dns,| the dlatieg et heobtadndds, Whes enri ched
cells can be cultured for cgerf rm ngwrm_re det ai | ed anal ysi.s. Exanpl es

[0086] The preseft lefisﬁ\?é}_"?fti ﬁh‘?/\P g gFe c_ﬂ@_%%%’? & gpg8 TORPEXEpl es. It s
10, 1 e PSRBT MRS b lelAGRCAAT oot 18 Zoerarm! e
enrichment filter is obtained, '
10 [0081] In one embodiment, the present invention provides a method for
detecting presence of cancer cells comprising a filtration step of filtering
a sample with the cancer cell enrichment filter. As a sample for
enriching cancer cells such as CTCs, blood pooled in a bone marrow, a
spleen, a liver or the like, lymph, a tissue fluid, cord blood or the like
15 may be used, but peripheral blood circulating through a body can be
most easily used. It is useful means for determining the progression of
a cancer to detect the presence of CTCs in peripheral blood.
[0082] The method for detecting presence of cancer cells of this
embodiment can be practiced by, for example, incorporating the cancer
20 cell entichment filter in a flow channel, introducing peripheral blood
into the flow channel for enriching cells including CTCs, and
determining whether or not there are CTCs in the enriched cells.
Blood is introduced into the flow channel by, for example, a method in
which a pressure is applied from an inlet direction of the flow channel, a
25 method in which a pressure is reduced from an outlet direction of the

flow channel, or a method in which a peristaltic pump is used.
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Pol ynmet hoxyet hyl acryl ate having a constitutional unit of the above formula
(1) in which le is hydrogen, le is a nethyl group and in is 1 was synthesi zed.
Specifically, 15 g of rnethoxyethyl acrylate was 5 polynerized in 60 g of

1, 4-di oxane at 75C for 10 hours with nitrogen bubbling by using

azohi si sobutyronitrile (0.1% by nass) as an initiator. After the

pol yneri zati on was conpl eted, the resultant was added dropw se to n-hexane to
forma precipitate, and thus the product was isol ated. The product was

di ssol ved in t et Falehhwid, rthe areb e the ssdd filgr is kQitstdy Ut fool0 was ifpdied fied with

n- hexane tw ce, and the resultant was dried under reduced pressure for a whole
day and ni ght. Th¥®nple CTenwegndched|font deel poblge®r with hi gh viscosity was

bt ai ned. The vyi 76% As |t of | ysi f the th bt ai ned

ool yror by gel *paidiabavEn TRl s soretiry St Hscyier RO RefodntSt ound +o have
15nunb i : i ght

gi st p:Jbu'?ir oﬁvﬁmﬁ}%@%‘?@@? Pﬁfo%gﬁ" %lgaﬁopggufsg?h %%ef{&é‘dg %hﬁﬁlpgl ymer was

cal cul at edsi n t egiul@hediisBN@anchedo! YRieysferRe itdb esdbmarywed gitermbter t he

foll ow ng GPC neasurenent conditions; 20Punp: KJ Intelligent 1-1Pl,C Punp
(nt anuf act ur ed byhdter ®rGmtpeanati oslls are contgoed umrcollepal keB04 Koranuf act ured by

Cenper atur e F owekaias, dich ehstimiie CTUS by e uEmen o g geo b o460 R
(manuf ‘act hred by .} 85¢ et RIdPR EhdcR Rhils by dyeing them with an antibody against
a fluorescent labeled cancer marker. An example of the antibody
10 against a cancer marker includes an anti-EpCAM antibody.
[0084] Alternatively, cells can be verified as cancer cells by analyzing a
gene of the cells having been enriched by the aforementioned method.
For example, the cells can be verified as cancer cells by analyzing
mutation of a gene such as p53, K-RAS, H-RAS, N-RAS, BRAF or
15 APC. Besides, the gene analysis result can be used for, for example,
determining a subsequent treatment course of a patient. Altemnatively,
the cells can be verified as cancer cells by measuring telomerase activity-
or the like of the cells having been enriched by the aforementioned
method.
20 [0085] Since the filtration step merely slightly damages the cells, the
enriched cells can be cultured for performing more detailed analysis.
Examples
[0086] The present invention will now be described based on examples.
It is noted that the present invention is not limited to the following
25 examples.

[0087] (Experiment Example I-1)
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[ 0089] (Experinment Exanple 1-2) (Preparation of nickel substrate) 5A
commercially avail able titanium plate was i mersed, as a cathode, in an

el ectrolytic bath for electrolytic nickel plating (that is, an agueous
solution of 450 g/L of nickel sulfamate, 5 g/L. of nickel. chloride and 30 g/L
of boric acid, 55C), and an anode was immersed in the same electrolytic bath.
Wth a voltage applied to the both el ectrodes, 10ni ckel plating was perforned
to attain a Elmthickness of 10 pm and thus, a nickel substrate was prepared.

[0090] (Experinment ExdSypiteesis-@)polycoahadxygthghatrylete) fi cati on of nickel substrate)
The pol yner synthesized in Experinment Exanple I1-1 was 15 dissolved in
chloroform so as to detvnathoxypthyl actylaje bavipglayeastigigpuali wiis ofithef erent in the

concentration in r e fromO t. % nmass. .Fach of the pol ymer sol utions
was appl i ed (cas@@?ﬁe ﬁ?'&lat(ﬂ)em }Baéﬁ ?ﬂé’gfqg&PeRpF@plﬁ?tgﬁl 5@“@%%% ment Exanpl e
1-2 and the solv i S C ﬂ%% i ckel
substrate. Two t%gé’yﬁg?y‘gﬁ’%@%t gg@%g?,’ ?gk Og%gene %@?Igﬁh{enﬁ% e pol yner
once and tihse ot heblyaRALEHinG( B of hel-giekaEat: 759C C6r 10VR6Es MiBNARGE AS a positive
control, a polyethylene terep thalate substrate to which 40 pi, of polymer

sol ution was appbiedingdsy weepriazobissohttsomitley(0d Yo by wease)rasvaasintitosur ed on each

of these substrates, so ag to.verify that the, substrate was coated with the
pol ymer, 25For n@%ﬁr%ﬁgp YReHEARER ?r'blcél,npjft%n 80%65‘3%? ewz?Feég&di ng appar at us

(Brma hic., Mdely Ouhsel A0 hife 4550m 2 pikabltste CHN AGL o PloBudtBas
isolated. The product was dissolved in tetrahydrofuran, the resulting
10 solution was purified with n-hexane twice, and the resultant was dried
under reduced pressure for a whole day and night. Thus, a clear and
colorless polymer with high viscosity was obtained. The yield rate
was 76%. As a result of analysis of the thus obtained polymer by gel
permeation chromatography (GPC), the polymer was found to have a
15 number average molecular weight of 15,000 and a molecular weight
 distribution (Mw/Mn) of 3.4.
[0088] The molecular weight of the polymer was calculated in terms of
standard polystyrene molecular weight under the following GPC
measurement conditions;
20 Pump: PU Intelligent HPLC Pump (manvfactured by Jasco
Corporation)
Column: GPC K804 (manufactured by Showa Denko K.K.,
Shodex)
Eluent: chloroform
25 Measurement temperafure: room temperature

Flow rate: 1.0 mL/min
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measured 30 seconds after dropping 2 pl of pure water onto the surface of each
substrate. Figure 2 is a graph showing the results obtained in Experinent
Exanpl e 1-3, The abscissa indicates the concentration of the polynmer and the
ordi nate indicates the contact angle of water. In 5 Figure 2, A corresponds
to the result obtained in applying the polynmer solution once, B corresponds to
the result obtained in applying the polyner solution twice, and C corresponds
to the result of the positive control. [009 |I] (Experinent Exanple 1-4)

10(Preparation of subgigt&t®) Jasco Rhes3gol Rirer(nsvnfabisddzedyi Matooper i ment
Exanple I-1 was dissolved in chloroformfor obtaining a solutionin a
concentration of C4¥pdsgtiomss. This sol uti on was applied onto the nickel

substrate prepar i eri ment agple 1-2 and the solvent was dried, so as
to 15 coat the z@?i@&nl%%&ﬁﬁﬁéwgubstrate with the polynmer, and thus, a
ni ckel substrate of i de has d. The polynmer solution was applied
M ce. Through X-ray phot %?%%kéfon sé)g(g:t}‘g{r}%{sagopy ( Shi madzu Cor por ati on,

ESCA- 1000) 5 a peak of Anicsllﬁﬁ{eraﬁgi wedlableOfifahilig) Plagd @las StHASd§ed! @s Was not
observed but peaks of carbon and oxygen 20 derived fromthe pol yner were

det ect ed, and t husthods, imars eleetralticebhath fiateledvelmicakekel plabsg (thttas,was coated with

t he polynmer. Furthernore, the nickel substrate prepared,in peri ment Exanpl e
| -2 was used as QQWOBRQIUW4SQt£JBf“J£%ﬁ£%' toe Hkpipicke) chiondegogo] ( Test

for cancer cell ad i veness). 250ntg.gach of the nickel bstrates of Exanple
-1 and Conpar at Y %Mpq%zb 91%0%1?.% ﬁg aélfi @a?ﬂ:ogre & ﬁmggfg%‘feﬁjs&gn adjusted to
10, 000 cel s/ nL kgin@eRBESIVTR BRAAL AWHNY v3Rbe UppRtPRAS &otiME MBFodds,opped W th a
pi pette, and the resulting substrates were al Povved to stand still at 37C fox
60 m nutedd As t hizkelaplaty oas berformedetn dttair 0 Si&n ahivkneselok 1Diyme 4dd- 1080 was
used. Subsequently, the substrates 5 were rinsed wth a physi ol ogi cal

buf f ered saline #Bisua mskel subidraterigasiy -of cells adhered onto each substrate

was counted. In hat. t he.cel l,sygoul d be easily counted, the cells were
fixed with for maf(ggm preélm?nf]r?pé%l’]plgé-l%ﬁ nucl ei were dyed with

4, 6- di ani no- 2- pheny! i ndgdi® o (RAREfidHBn RYARRE sBbsteg))! nuclei was

The polymer synthesized in Experiment Example I-1 was

15 dissolved in chloroform, so as to obtain a plurality of polymer solutions
different in the concentration in a range from 0 to 5% by mass. Each

of the polymer solutions was applied (casted) onto the nickel substrate

prepared in Experiment Example [-2 and the solvent was dried, so as to

coat the surface of the nickel substrate. Two types of substrates, that is,

20 one coated with the polymer once and the other coated with the polymer
twice, were prepared. As a positive control, a polyethylene
terephthalate substrate to which 40 pL of polymer solution was applied

was used. A contact angle of water was measured on each of these
substrates, so as to verify that the substrate was coated with the polymer.

25 For measuring a contact angle, a contact angle measuring apparatus

(Erma Inc., Model G-1-100) was used. A static contact angle was
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10 counted by using a confocal |aser scanning mcroscope (O ynpus Corporation,
FV-1000), and the thus obtai ned nunber was defined as the nunber of cells.
[0093] Figure 3 is a graph showing the results of Experinment Exanple 1-4. The
experinment was carried out five tines on each substrate, and 15the results are
shown as a nean Th standard deviation. In the nickel substrate of Exanple I-1,
t he nunber of adhered cancer cells was larger than in the nickel substrate of
Conparative Exanple 1-1. Wth respect to a |large nunber of other cancer cells,

simlar results weaanveB0ki®eds R WdppidPel bipite viaxarmkethe-sofack0( Pr epar ati on
of substrate) In the same mariner as in peri ment Exanple 1-4, the

ni ckel substr at esf efchBuhapite 1EigurarddisGognpplr ahdwing Bxcargpilts abtaingdeine used for an
experinment. [009 Test for bl ood atel et adhesi veness) 25(nto.each of the
ni ckel substrate ém%r%‘a@ﬂ?q ﬁ‘ganﬁl“t@ ﬁ%ﬂqfig@%@igﬁﬁ%‘?@m’{‘}(’%‘?ﬁ nm. of fresh
human pl ate] et -ri t] j.t ] | e yas dropped
with a pipette, Igﬁegp (ﬁ @E@duﬁ%idﬁgﬂgtggé‘@%% e{s@femﬁp%gg wéf(;l&{ag&‘sttzgﬁd still at
37C for 60 sm nut @gurSubaemueiionis temeefiosiiiné®in@plyihd gRthoMmhe a phosphate

buffer solution, and after fixation with glutaral dehyde, the substrate was
5observed with asslotomionge,eBemtresponds do dbeopwit slaiasd tin applymtg thee

polymer solution twice, and C corresponds to the result of the positive
control.
[0091] (Experiment Example 1-4)

10 (Preparation of substrate)

The polymer synthesized in Experiment Example I-1 was

dissolved in chloroform for obtaining a solution in a concentration of
4% by mass. This solution was applied onto the nickel substrate
prepared in Experiment Example I-2 and the solvent was dried, so as to

15 coat the surface of the nickel substrate with the polymer, and thus, a
nickel substrate of Example I-1 was prepared. The polymer solution
was applied twice.  Through X-ray photoelectron spectroscopy
(Shimadzu Corporation, ESCA-1000), a peak of nickel derived from the
nickel substrate was not observed but peaks of carbon and oxygen

20 - derived from the polymer were detected, and thus, it was verified that
the nickel substrate was coated with the polymer. Furthermore, the
nickel substrate prepared in Experiment Example I-2 was used as a
nickel substrate of Comparative Example I-1.
[0092] (Test for cancer cell adhesiveness)

25 Onto each of the nickel substrates of Example I[-1 and

Comparative Example I-1, 1.0 mL of cancer cell suspension adjusted to
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nunber of bl ood platelets adhered in an area of 1 x 104 un®, [0096] Figure 4
is a gr aph showing the results obtained in Experinment Exanple 1-5. The
experiment was carried out five tines on each substrate, and the results are
shown as a nmean standard deviation. In 10 the nickel substrate of Exanple
-1, the nunber of adhered blood platelets was smaller than in the nickel
substrate of Conparative Exanple 1-1. [0097] It was reveal ed, based on the
results of Experinment Exanples 1-4 and 1-5, that the nickel substrate of

Exanpl e I-1 showgpionDreusehilim adhesinveefainid SEACET blesl | @nbutwashows | ow
adhesi veness to a bl ood cell conponent, Accordingly, when the agent for

i nprovi ng cancer dogipkd azdﬂesmrpnﬂ@ssnobfthet hesubing ssehitratesveetei diovied @pplied to the

surface of a cancer cell enrichpent filter, the adhesi veness of cancer cells
to the filter cafand StillpabddeC slor 60 wenptepr ode thaecasaen seliferiinia@t i 0 of cancer

[22 E(302t8 LoﬁyEé'to ﬁél@e OE%W%“%@ 511%%13] QOSW 1LBES ?{“gge@g éthgwgl’ﬁb%&?) et hyl

acryl ate] Ravi ngwRr£ongéd bt Qnathysidle mdleﬁm‘éé?ﬁfsﬁﬁwbé’olﬁt'i@l apVenef ormula (1) in
which Rl is hydrogen, R2 is 25an et hyl group and mis was synt hesi zed.

Speci fical ly, 15ngmbér &-cels atheredyomtdienc pebvsapte wasrophated, V\h:sornmithaterl zed in 60 g
of the cells could be easily counted, the cells were fixed with
formaldehyde, and then, cell nuclei were dyed with
4,6-diamino-2-phenylindole (DAPI). The number of cell nuclet was
10 counted by using a confocal laser scanning microscope (Olympus
Corporation, FV-1000), and the thus obtained number was defined as
the number of cells.
[0093] Figure 3 is a graph showing the results of Experiment Example
I-4. The experiment was carried out five times on each substrate, and
15 the results are shown as a mean + standard deviation. In the nickel
substrate of Example I-1, the number of adhered cancer cells was larger
than in the nickel substrate of Comparative Example I-1. With respect
to a large number of other cancer cells, similar results were verified.
[0094] (Experiment Example I-5)
20 (Preparation of substrate)

In the same manner as in Experiment Example 1-4, the nickel
substrates of Example I-1 and Comparative Example I-1 were used for
an experiment.

[0095] (Test for blood platelet adhesiveness)
25 Onto each of the nickel substrates of Example I-1 and

Comparative Example I-1, 0.2 mL of fresh human platelet-rich plasma
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1, 4-di oxane at 75C for 10 hours with nitrogen bubbling by using

azobi si sobutyronitrile (0,1% by mass) as an initiator, After the

pol ymeri zati on was conpl eted, the resultant was added dropwi se to n-hexane to

forma precipitate, and thus the product was isolated. The 5 product was

di ssolved in tetrahydrofuran, and the resulting solution was purified with

n- hexane twi ce. The resulting purified product was dried under reduced

pressure for a whole day and night. Thus, a clear and col orl ess syrup-1like

pol ymer was obt aiafgsbagdlagdywiel @dmwﬂiatdWhﬁdwpgécﬁuzﬁtataeplp&mm&& g (76.09.

The structure of the thus obtained 10 polynmer was verified by 111-NVR As a

result of anal ysissultiong &tuhsrfmslwalaﬁpweét@mmbwlt el 1E8dor thenipules.ner was f ound

to have a nunber a era e nol of, 12, 000.and nol ecul ar

wei ght di st ri but SYRSCANBI A - SpC fsu\%s@te r?"(é‘F%%tﬂ”g} CYY @Srﬂha'@f YW pol ymer was

calculated in teros o er 15t he sane
88@ Sl Pndar q‘lxﬁﬁéﬁl %ﬁﬂ a%@erﬁr%?gé%e Vﬁb e .

GPC neasur enent con ’fons as in 0099] " (Synt hesi s of

pol y[ 2- ( 2- maet hoxpedraX witkt EJchmﬁﬁxﬁ@@l’aétr@ﬁ%ﬁcroscope 50 as to count the _

Pol y[ 2- (2- met hoxyet hoxy) et hyl nethacryl ate] having a constitutional unit

represented by thambhmféld@kphtbbts(aﬂ)memd%mhaﬁflxéO“apm%t hyl gr oup, R2 is a

nmet hyl group and iS_2 was synth si.zed. e f| C 10

2- ( 2- met hoxyet hoi%géfﬁ%mﬁétlﬁécﬂrﬁﬂ ’a%bé’“%’é's g}ﬁ% R |‘ﬂ erameqt 1 4- di oxane

at 80C for 8 hou h |tr e [ 0 sob ronitrile
?(%mpf I-9. gg eQBﬁilg 95 IBX H3! Q9 thx%L‘. 0 g&c

(0.1% by mass) a |n| epo ymeri za | eted, the
resul tant was adg@@stx‘é(eoﬂi’& tﬁ@xés@lt@aﬂé%h&ﬁﬁai 8 nle@h ms@anﬂérﬂ(‘depiah@ﬁe Ipand thus the
product was 25i sol ated. The product was dissolved in tetrahydrofuran, and the
resul ting Ifol uti dre mkelpsubstratedoﬁ/\ﬁkamplehbk,aﬂm numbmf ofThéhereds bldodng  puri fi ed
product was dried urfder reduc ﬁlessure for | e day.and njght. Thus, a
clear and col or | ®lelely ryps pmgRerpElapniy ﬂWaéméiB]t & te ? @%I@T%}lvﬁrmunt (t he
yield rate) was %ﬁzmﬁge(lalz 0% . The structure of the thus obtained pol yner was
verified by 1H N a‘result of analysis for the nol ecul ar weight by the
GPC, the polyner | WF ﬁpwaﬂré@aeamas@d@Hrm@&esanﬁbﬁmpeﬁah@ﬁ%ﬁin yai ght (M) of
104, 000 and a nolecular weig di stribution (Mw M) . e nol ecul ar

wei ght of the poll:nerd hﬁﬁthaatlmuhdteédubmateemﬁrﬁxmﬂplstIaInsi:mwt mmrg«s:ﬂyr ene

nol ecul ar vvel ght under the same GPC neasurenent_conditions as in 10Experi mant

Exanpl e 1-18. [o1edipivengsineyicgiorells byt shonst e edhessienessyeatpjeod cell

component. Accordingly, when the agent for improving cancer cell

!

adhesiveness of the present invention is applied to the surface of a
cancer cell enrichment filter, the adhesiveness of cancer cells to the
filter can be improved so as to improve the enrichment ratio of cancer
20 cells.
[0098] (Experiment Example II-1)
(Synthesis of poly[2-(2-ethoxyethoxy)ethyl acrylate])
Poly[2-(2-ethoxyethoxy)ethyl acrylate] having a constitutional
unit represented by the above formula (1) in which R' is hydrogen, R? is
25 an ethyl group and m is 2 was synthesized. Specifically, 15 g of
2-(2-ethoxyethoxy)ethyl acrylate was polymerized in 60 g of
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phosphoryl chol i n
Pol y( 2- met hacryl
represented by t
15Thepol y(2-net h

copol yner of 2-nethacryl oyi oxyet hyl
nmet hacryl ate (BMA),

01 N [0102] |

et hanol, and the
ni trogen bubblin

e-co-butyl nethacrylate))

oyl oxyet | ayl phosphoryl chol i ne- co- but yl nmet hacryl at e)

he follow ng formula (3) was synthesi zed.

acryl oyl oxyetliylphosphoryl choline-co-butyl nmethacrylate) is a

phosphoryl choline (MPC) and butyl
and a ratio of MPC. BMA was 40: 60 mol %to 1:99 nol %

[ 0101]

n the above fornula (3), X and Y are 1 to 10,000, and XY is
40: 60 nol % to 1: 9¢¥-divikese af 0E03]foSHEchdure atithy pittogen rhubhbliieg $ywesiteg di ssol ved in

Pilybianigonisds; (bR Py 14 o F0ie19% by SHHOd a8 an

i nitiator After i1, polYAEI ARt ARINES HOTRLRERwal NASPTHIMA (gras added

10

15

20

25

n-hexane to form a precipitate, and thus the product was isolated. The
product was dissolved in tetrabydrofuran, and the resulting solution was
purified with n-hexane twice. The resulting purified product was dried
under reduced pressure for a whole day and night. Thus, a clear and
colorless syrup-like polymer wag obtained. The yield amount (the
yield rate) was 11.4 g (76.0%). The structure of the thus obtained
polymer was verified by IH-NMR. As a result of analysis for the
molecular weight by the GPC, the polymer was found to have a number
average molecular weight (Mn) of 12,000 and a molecular weight
distribution (Mw/Mn) of 3.9. The molecular weight of the polymer
was calculated in terms of standard polystyrene molecular weight under
the same GPC measurement conditions as in Experiment Example I-1.
[0099] (Synthesis of poly[2-(2-methoxyethoxy)ethyl methacrylate])
Poly[2-(2-methoxyethoxy)ethyl — methacrylate] having a
constitutional unit represented by the above formula (1) in which R is a
methyl group, R? is a methyl group and m is 2 was synthesized.
Specifically, 10 g of 2-(2-methoxyethoxy)ethyl methacrylate was
polymerized in 50 g of 1,4-dioxane at 80°C for 8 hours with nitrogen
bubbling by using azobisisobutyronitrile (0.1% by mass) as an initiator,
After the polymerization was completed, the resultant was added
dropwise to n-hexane to form a precipitate, and thus the product was
isolated. The product was dissolved in tetrahydrofuran, and the

resulting solution was purified with n-hexane twice. The resulting
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5 dropwise to diethyl ether to foima precipitate, and thus the product was

i sol ated. The product was dissolved in ethanol, the resulting solution was
purified with diethyl ether twice, and the resultant was dried under reduced
pressure for a whole day and night, Thus, a white powder polyner was obtai ned.
The yield rate was 51% As a result of the 10 analysis of the thus obtained
pol ymer by the gel perneation chronmatography (GPC), the polynmer was found to
have a nunber average nol ecul ar wei ght of 240,000 and a nol ecul ar wei ght

di stribution (Mubwiichprogug weapHisiedpindericgrcodanepsiredpr & ndofodayraad was

I culated in t f..St andar d I t hyl | | ight 15 d
The same GPC meaBli S BHi 1B o U BT MOR EHpPUePed.  except ¢ hat
et hanol khl or of or 16 S oy (858 ibPusl O ol BAO 4 Ty ExpgRITANt EXampl e

11-2) (Preparation ni ckel ‘substrate substrate was prepared in

the sanme manner #g ihis Emﬁfeiirlﬁ,gjrim&x\aﬁmbaiﬂedzby [ B205IR. ( Eperésuendf Exanpl e 11-3)
The ni ckel substrate was coated with each of the polyners in the sanme nmanner

as in (Expéri menangysanfsir éheimalpsulamnaeightsyathe GPE Heaslyregrgyas fowuktonat er was
nmeasured. As a result, in using the |yl 2-(2-.et et.h th acrylate] in a
concentration of ﬁ%‘.’%%“%‘???o? &genﬁggi,cgl%ﬁé‘gedﬁ}ﬁtm&kgfogy s Bsta%ti aI}y _
stabilized at 25 Il%u%%‘&%h@gﬁt@g}ﬁ%@‘@m%@gwetﬂgw&ﬁmlw thacr ylate] in

a concentration o : contact angle was Substantially
stabilized at 38¢f l{fie Usdfidlet Ras Balp@htel 2medrhae by | eatdavdy PoR¥tyrene

phosphoryl ehol i ne-co-butyl nethacrylate) in a concentration of 0.1% wt/vol ‘or
nmore, the contactmodseylae weaghtwidst thet dandel GPEStratashiersdt aondigons as in :
10 Experiment Example I-1.
[0100] (Synthesis of poly(2-methacryloyloxyethyl
phosphorylcholine-co-butyl methacrylate))
Poly(2-methacryloyloxyethyl phosphorylcholine-co-butyl
methacrylate) represented by the following formula (3) was synthesized.
15 The poly(2-methacryloyloxyethyl phosphorylcholine-co-butyl
methacrylate) is a copolymer of 2-methacryloyloxyethyl
phosphorylcholine (MPC) and butyl methacrylate (BMA), and a ratio of

MPC:BMA was 40:60 mol% to 1:99 mol%.

[0101]
0 QW
X Y o (3)
0 0/\\/0-\'_!’I/0\v/'\h!*’_‘
| |
0"

20

[0102] In the above formula (3), X and Y are 1 to 10,000, and XY is
40:60 mol% to 1:99 mol%.
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[0106] (Experinment Exanple 11-4) (Preparation of substrate) 10The four

pol ynmers synthesi zed in Experinment Exanples 1-1 and H 1 were respectively

di ssolved in chloroformfor obtaining solutions each in a concentration of 4%
by mass. Each of these solutions was applied to the nickel substrate prepared
in. Experinment Exanple 11-2 and the solvent was dried, so as to coat the
surface of the nickel substrate 15with the polyner, and thus, nickel
substrates of Exanple 11-1 (using polynethoxyethyl amlate), Exanple 11-2

(usi ng pol y[ 2- ( 21103 8pecifiealy) dachyionawess| were Disselvadph ethprol3 apd gheng

pol y[ 2- (2- et ti oxyet hox %(;ath | et hacryl g{; nd aratjve Exanmple 11-1

(usi ng pol y(2- rretpﬁg@?efﬂl% ToX5A& t PRTOrMSd aﬁ%s h&ryl@g&snwtbo@gﬂg‘iﬂ

met hacryl ate)) ol 1.5l 14k | ' twi ce. Through
X-ray phot oel ec\tl\ﬁ{)lﬁblg{gegt r%&g@%&?@ﬁﬁ%@}le@fb{%r@“ 0 ,a@gﬁtﬁgﬁb), a peak of
ni ckel derived frafertihe polgketizAbasvaat® ed)othe ORS EltAE il hdikeiaks of carbon
and oxygen derived fromthe polyner were detected, and thus, it was 25verified

that each i ckel dsapvase tatdetiyplsetiondo &dma prisciphiegte codrthsypibe gicdycipodsymer, [ 0107]
(Test for cancer .cell adhesiveness) Ont o each of the nickel substrates
of Exanpl es 11-1“[0@&@‘5&- §H]§ri8'° agt”ls(}]é'e@éﬁ%ﬁ%ﬁi {f"—ef?suit% FR¢osf  cancer cel |
suspensi on adj us Oy: i I t ai_ni 0% of bl ood
serumwas 5 dr otﬁ?%g(?h%ﬁ%(g“g&pq“%gﬂeg{]&gﬁl % 1ﬁi}-‘edatrh gg%ﬁlu# fgﬁé’%séu fse? rug& eérg were al | owed

to stand still atedhbbd HRUssfO 183 AULESle dAS ahBGigANCERC Q! White PUWBE MaMary
adenocarci noma cell |ine NMDA-MB-231 was used. Subsequently, "the substrates

were rinsed withpalypley siasl agaioad. Oikef Belddawavantl %ol Asicoregulanfltiiehe nunber of
cells adhered onto each substrate was _10 coun;tNgd. In order that the cells
coul d be &8sily @atitiedol (the Bwes| eblagied PPYawT why hihepgeh PU@RIRE, and t hen,

coll puc et e s’ o) S Ao R AREIE RS Yl e of
Cor poration, FVAQOLhee aRlebhler thbighOifanBgdoMURRE 2 WRAslctighi NOLgRS
distribution (Mw/Mn) of 2.9. The molecular weight of the polymer
was calculated in terms of standard poly(oxyethylene) molecular weight
15 under the same GPC measurement condifions as in Experiment
Example -1 except that ethanol/chloroform (2/8) was used as the
eluent.
[0104] (Experiment Example 11-2)
(Preparation of nickel substrate)
20 A nicke] substrate was prepared in the same manner as in
Experiment Example I-2.
[0105] (Experiment Example 11-3)
The nickel substrate was coated with each of the polymers in the
same manner as in (Experiment Example [-3), and a static contact angle
25 of water was measured. As a result, in using the

poly[2-(2-ethoxyethoxy)ethyl acrylate] in a concentration of 0.2%
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15t he nunber of cells. [0108] Figure 5 is a graph showing the results of

Experi nent Exanple 11-4. The experinent was carried out five tines on each
substrate, and the results are shown as a nmean standard deviation. The nickel
substrate of Exanple 11-1 captured 2000 or nore cancer cells. The 20 nickel
substrate of Exanple U2 captured 1500 or nore cancer cells. The nickel
substrate of Exanple H 3 captured 500 or nore cancer cells. On the contrary,

t he nickel substrate of Conparative Exanple TI-1 captured nmerely approxi mately

140 cancer cel | s.widblQR]méiex fer comet ahxlampdsesubdtintiglly2G4islirddhats:®. of
pol y[ 2- ( 2- et hoxyet hoxy) et hyt net hacryl ate]) _
Poly[ 2- ( 2- et hoxydihdripetthy 1 pely Ha@rethesyaanyirghyl c sedbacridetebni aini t

ted by th b f 1).,i p which i t hyl , R2 i
v oroun and 1opasfion S0 Sal Sl Huiite et odh R L S 50l o)
of 2-(2-ethoxyet Q%S}%‘gfanyl dntgt%gﬁﬁgé%lzatag wa§§agli ssol ved H\#ﬁ%ﬁ e ofIt .
| ecte o) 0 0 e resultant, )

1, 4-di oxane to be su pur ge r 2 hours.

my (9.2 x 104 ﬁﬁl}ioly(@imﬂlza@bjlsjrlsmuﬁﬂrphnﬂﬂfof}llﬁmliaedo&at}@mndthmtﬁﬂépr di ssol ved
in a small anount of 1,4-dioxane was added, and the polynerization was

per foi med under dnrd cpiersahatzamet PhidhewHvol7erniose, the esutast #rgle1wasi nut es.
Purification was perforimed B usi ng hexane. The reaction solution was added
10 dropwi se to 159839%13 ¥ s ﬁ‘éﬁia@g)rd'\ri ng as a poor solvent, and the sol vent

was renoved by dggwigkﬁ%ﬂﬁﬁ%p}&ggg;obt ai ned crude pol yner, approximtely

50 nL of tetrahydro dded for dissolving, and the resulting
sol uti on was added dr qu'psmib@oilﬂm@trméj L of hexane again for formng a
precipitate, and then the solvent was 15 renoved by the decantation. This

oper ati on Mas repeat edlterfowr pajainers syuthedizad inAikpammointdixagmdestInkeatidi t i at or
contained in the | ymer coul d, be. c etely renoyed,, K The resul tant was dried
under reduced préggﬁ@e693@Fﬁfvﬁh‘[ glsgﬂg‘ﬂ[ Weglﬂéé’gor@f W@%Q%Isf’ﬁﬁanﬁ)ol ynmer was
nmeasured. Thus, v r -1 (T
pol y[ 2- (2- et hoxy%taﬁlo%%gt yflﬁ% %ﬁ?ﬁa@?{ﬂu%f el, a’v\gglt%eg?g?lﬁtem.s ‘%Se yi el d anmount
was 5.36 g and tragp yddetodhd pikkee] WalsstRke pilpardbindExpRetleht Btandleilysid for the

y

nol ecul ar wei ght the GPC, the polynmer was found to have a nunber average
mol ecul ar wei ght tidvk)lvet wi2ir@d0saasitaacen tecairiace wé tlghnicke! subittatet i on (. 4w/ M)

of 5,05, The, ™ ccul g MSLA %, e ROLNISL vEe 3l e bn Lerm o
conditions as in p%ﬂixm%yﬁxaméc?ylktéi' Example 11-2 (using
poly[2-(2-ethoxyethoxy)ethyl  acrylate]), Example II-3 (using
poly[2-(2-methoxyethoxy)ethyl — methacrylate] and  Comparative
Example I-1 (using poly(2-methacryloyloxyethyl
20 phosphorylcholine-co-butyl methacrylate)) were prepared.  Each
polymer solution was applied twice. Through X-ray photoelectron
spectroscopy (Shimadzu Corporation, -ESCA-1000), a peak of nickel
derived from the nickel substrate was not observed but peaks of carbon
and oxygen derived from the polymer were detected, and thus, it was

25 verified that each nickel substrate was coated with the corresponding

polymer,
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[0110] (Experinent Exanple 111-2) (Preparation of nickel substrate) A

ni ckel substrate was prepared in the sane nmanner as in Experinent Exanple 1-2,
510111] (Experinment Exanple 111-3) Wth the nickel substrate coated with
the polyner in the sane mariner as in Experinent (Exanple 1-3), a static
contact angle of water was neasured, resulting in finding that the contact
angl e was substantially stabilized at 78 in using the

pol y[ 2- ( 2- et hoxyet hoxy) et hyl 10net hacrylatej in a concentration of 0.5% wi vol
or nore. [0112] ([Bx@Ar(Tewdor Excarpkl adlickivéhes§Pr epar ati on of substrate) The

five polymers synthesized in Experinment Exanples 1-1, 11-1 and I|lI1-1 were
respectivel y di ssol vedOnif eapl éfgﬁdﬂﬂiql srbstraieaoh Exgnples Isbiurbaad each in a

concentration of 4% by .nass. E of .these soluti.ons was appli to the nickel
substrate prepare xopﬁ@v&ﬁfﬁwﬁ{ﬁ%i%@oﬁ@c? %\eﬁldguﬂ??@sl%la@@ﬁ‘iegg?as dried, so
as to coat the surf@pecdk/dingyn ?&%!(iurﬁ%ﬁfahﬂrlﬁ 1944 Bf SodP MrffBes and t hus,

ni ckel substrates of Exanple I -1 (using polynethoxyethyl acrylate), Exanple

111-2 (usinmg 20 doopped 2wifl2-acpibettey eindoky reduitidg aubstyrdtas eleys afxaadpte 111-3 (using
pol y[ 2( 2- met hoxyet hoxy) et hyl net hacryl ate], Conparative Exanple 111-1 (using
pol y( 2- r ucenacr ylstydoxylbtahyA7°ph & p Ao rpingkas! i fe- e banopt celdt hapay| ate)) and

Ex le 111-4 i | -(2-eth t | t | at d.
Each pol yer  sol dEERMIa g EBNEFGREIBET G ke i P RArERE . V4§ PGt oel cot ron
spect roscopy  ( Shigimgae/ sy, R lts@es FRRArikAWich & ph§akioglcanbiitegdd derived from

t he ni ckel
saline solution, and the number of cells adhered onto each substrate was

10 counted. In order that the cells could be easily counted, the cells were
fixed with formaldehyde, and then, cell nuclei were dyed with
4,6-diamino-2-phenylindole (DAPI). The number of cell nuclei was
counted by using a confocal laser scanning microscope (Olympus
Corporation, FV-1000), and the thus obtained number was defined as

15 the number of cells.

[0108] Figure 5 is a graph showing the results of Experiment Example
1I-4. The experiment was carried out five times on each substrate, and
the results are shown as a mean + standard deviation. The nickel
substrate of Example II-1 captured 2000 or more cancer cells. The

20 nicke] substrate of Example II-2 captured 1500 or more cancer cells.
The nickel substrate of Example II-3 captured 500 or more cancer cells.
On the contrary, the nickel substrate of Comparative Example II-1
captured merely approximately 140 cancer cells.

[0109] (Experiment Example [1I-1)
25 (Synthesis of poly[2-(2-ethoxyethoxy)ethyl methacrylate])
Poly[2-(2-ethoxyethoxy)ethyl  methacrylate]  having a
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substrate was not observed but peaks of carbon and oxygen derived fromthe
pol ymer were detected, and thus, it was verified that each nickel substrate
was coated with the correspondi ng polynmer. [0113] (Test for cancer cell

adhesi veness) 50nto each of the nickel substrates of Exanples Ill-1 to 111-4
and Conparative Exanple I11-1, 1 0 nL of cancer cell suspension adjusted to
10,000 cells/m in a nedium containing 10% of bl ood serum was dropped with a
pi pette, and the resulting substrates were allowed to stand still at 37C for
60 minutes. As theorstmtiena) aeltlepredeted by ancabove ddimuld( ) in whicA®¥9s was used.
Subsequently, the substrates were rinsed with a physiol ogical buffered saline
sol ution, and themaihitberoum Reld gnadhdr grguprand ehéh Zsimestwathesiaps counted. In

order that the cells.coyld easily counted, t Ils re fixed with

f or mal dehyde, and R%ﬁ?ﬁ“ﬁ’ellsﬁnﬁcnﬁ %e?@ dveh ﬁfﬁﬁ&i‘?%g %ﬁ?’iﬁ’g}y - phenyl i ndol e
(DAFT). The nunb . i € I ocal [ aser
scanning mcr oscg%g&%@’ga?repﬁg %%@%%Pgﬂt‘ ?%"%?nl&ggﬂ%g%cg%}ie gﬁﬁ tﬁ&cgﬁgé obt ai ned
nunber was §lefinex, p&rfgéff@r Dhober b tiestebsitant, 15.1 8ib193 Filglnensl)iof a graph
showi ng the results of Experinent Exanple 111-4. The experinent was carried
out five times onazehisisobufponitelealsediarhn ipfiatdralisselyed insa small ahowni 0ds a nean

standard devi ati 0{1. The ni ckel sugﬁérat es of . Exanple and 1 1-% captured 6000
or more cancer cel-frEigxene ¥ addads and theqolungizatiop &agpe |"B19§14 . 2 capt ur ed
5000 or nore canc o i o e . le 111-3
captured 2000 or %P%Qc%@é’g@{eéeg{“@ %g??%{ﬂﬂgé%hqﬁtﬁh%&%%%‘t rgl%f@&p e ni ckel

25substrate of CopmabaifbedEypnping Hokind CHiR! taetbreslelioh aperaxeaat el y 130
cancer cells per cn2. Reference Signs List [0115] 10t hrough hole, 20 ...

substrate, 130 .. .dbpwise ta0G00 "mi ¢ft kexane serving as a poor solvent, and the

solvent was removed by decantation. To the thus obtained crude
polymer, approximately 50 mL of tetrahydrofuran (THF) was added for
dissolving, and the resulting solution was added dropwise to 1000 mL
of hexane again for forming a precipitate, and then the solvent was
15 removed by the decantation. This operation was repeated once again,
so that the monomer and the initiator contained in the polymer could be
completely removed, The resultant was dried under reduced pressure
overnight, and the mass of the resulting polymer was measured. Thus,
a clear and colorless syrup-like polymer, poly[2-(2-ethoxyethoxy)ethyl
20 methacrylate], was obtained. The yield amount was 5.36 g and the
yield rate was 35.7%. As a result of analysis for the molecular weight
by the GPC, the polymer was found to have a number average
molecular weight (Mn) of 142,000 and a molecular weight distribution
(Mw/Mn) of 6.06. The molecular weight of the polymer was
25 calculated in terms of standard polystyrene molecular weight under the

same GPC measurement conditions as in Experiment Example I-1.
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CLAIMS S 1. An agent for inproving cancer cell adhesiveness, consisting of:

a polyner conprising a constitutional unit represented by the foll ow ng

formula (1): H2 C TR1 co(1l) H2 H2) 04C0 R2 wherein 11' is a hydrogen
group, R2 is a nethyl group or an ethyl group, and mis | to

atom or a net hyl

3. 2. The agent for inproving cancer cell
1, consisting of a polyner consisting of the constitutional
by the formula (1). 3. The agent for inproving cancer cell adhesiveness
accordi ng to cl ai [BlL0Jo(Eserimbrieiampid I11-8) a hydrogen atom R2 is a net hyl

and mis |.

10

15

20

25

(Preparation of nickel substrate)

A nickel substrate was prepared in the same manner as in
Experiment Example I-2.

[0111] (Experiment Example 111-3)

With the nickel substrate coated with the polymer in the same
manner as in Experiment (Example I-3), a static contact angle of water
was measured, resulting in finding that the contact angle was
substantially stabilized at 78° in using the poly[2-(2-ethoxyethoxy)ethyl
methacrylate] in a concentration of 0.5% wt/vol or more.

[0112] (Experiment Example II[-4)

(Preparation of substrate)

The five polymers synthesized in Experiment Examples I-1, II-1
and III-1 were respectively dissolved in chloroform for obtaining
solutions each in a concentration of 4% by mass, Each of these
solutions was applied to the nickel substrate prepared in Experiment
Example I11-2 and the solvent was dried, so as to coat the surface of the
nickel substrate with the polymer, and thus, nickel substrates of
Example III-1 (using polymethoxyethyl acrylate), Example II-2 (using
poly[2-(2-ethoxyethoxy)ethyl ~ acrylate]), Example III-3 (using
poly[2-(2-methoxyethoxy)ethyl methacrylate], Comparative Example
MI-1 (using poly(2-methacryloyloxyethyl phosphorylcholine-co-butyl
methacrylate)) and Example [II-4 (using poly[2-(2-ethoxyethoxy)ethyl
methacrylate]) were prepated. Each polymer solution was applied
twice, Through the X-ray photoelectron spectroscopy (Shimadzu
Corporation, BSCA-1000), a peak of nickel derived from the nickel
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4. The agent for inproving cancer cell adhesiveness according to 15claim| or
2, wherein RL is a hydrogen atom R2 is an ethyl group and mis 2. 5. The
agent for inproving cancer cell adhesiveness according to claim1l or 2,
wherein R is a nmethyl group, 122 is a nethyl group and mis 2. 206. The agent
for inproving cancer cell adhesiveness according to any one of clainms 1 to 5,
wherei n a nunber average nol ecul ar wei ght of the polynmer is 10,000 to 300, 000.
7. A cancer cell enrichment filter consisting of: 2 substrate having a
plurality of throtupbtritelves, nathesaived dut pedstofacapzon awd okypenSidnived at e i s coat ed

with the agent for inproving cancer cel] adhesiveness according to any one of
claims 1 to 6. S,ﬁ‘%ngarwm@eW?reeWWé%ré‘ﬁf{ thys, tlbfwaéc‘@bliﬁég depttsclkl aim 7, 5

thereLn e hrough BohenaharE ORaVRURE BRI D | O TS ) o
Sane, SEDCR cel oS e g pistvalap Lo e T o B whereln e
toclaim9,5 Onto each of the nicke] substrates of Examples ITI-1 to I1I-4 and
Comparative Example I1I-1, 1.0 mL of cancer cell suspension adjusted
to 10,000 cells/mL in a medium containing 10% of blood serum was
dropped with a pipette, and the resulting substrates were allowed to
stand still at 37°C for 60 minutes. As the cancer cells, lung cancer cell
10 line A549 was used. Subsequently, the substrates were rinsed with a
physiological buffered saline solution, and the number of cells adhered
onto each substrate was counted. In order that the cells could be easily
counted, the cells were fixed with formaldehyde, and then, cell nuclei
were dyed-with 4,6-diamino-2-phenylindole (DAPI). The number of
15 cell nuclei was counted by using a confocal laser scanning microscope
(Olympus Corporation, FV-1000), and the thus obtained number was
defined as the number of cells.
[0114] Figure 6 is a graph showing the results of Experiment Example
IIX-4. The experiment was carried out five times on each substrate, and
20 the results are shown as a mean + standard deviation. The nickel
substrates of Example III-1 and III-4 captured 6000 or more cancer cells
per cm”.  The nickel substrate of Example I1-2 captured 5000 or more
cancer cells per cm’.  The nickel substrate of Example III-3 captured
2000 or more cancer cells per ¢m’. On the contrary, the nickel
25 substrate of Comparative Example III-1 captured merely approximately

130 cancer cells per cm’.
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wherein the netal is selected fromthe group consisting of copper, nickel, a
copper-ni ckel alloy, and copper, nickel or copper-nickel alloy having a

gol d-pl ated surface. 11. The cancer cell enrichnent filter according to claim
9 or 10, 15wherein the through holes arc formed by an el ectrocasting net hod.
12. A method for detecting presence of cancer cells, conprising: a filtration
step of filtering peripheral blood with the cancer cell enrichnent filter
according to any one of clainms 7 to 11. 2013. The net hod according to claim 12,
further conprisingg,fas of analyzing a gene of cells having been
enriched in the f?$?%3?¥g§@g§g%? 14, The net hod according to claim12 or 13,

further conprisingoigs]sten tabughihéleriong seisdtlate, bavi fage, keen, i ched in the
filtration 25step.
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CLAIMS
1. An agent for improving cancer cell adhesiveness, consisting of:
a polymer comprising a constitutional unit represented by the

following formula (1):

—{——EZ—TR‘—‘]-
=0
l Hy H;
O0—C —C -——0-—R?
m

wherein R is a hydrogen atom or a methyl group, R is a methyl

(1)

group or an ethyl group, and m is 1 to 3.

2. The agent for improving cancer cell adhesiveness according to
claim 1, consisting of a polymer consisting of the constitutional unit
represented by the formula (1).

3. The agent for improving cancer cell adhesiveness according to
claim 1 or 2, wherein R' is a hydrogen atom, R? is a methyl group and
mis 1,

4. The agent for improving cancer cell adhesiveness according to
claim 1 or 2, wherein R is a hydrogen atom, R% is an ethyl group and m
is 2.

5. The agent for improving cancer cell adhesiveness according to
claim 1 or 2, wherein R' is a methyl group, R? is a methy! group and m
is 2.

6. The agent for improving cancer cell adhesiveness according to
any one of claims 1 to 5, wherein a number average molecular weight of
the polymer is 10,000 to 300,000.

7. A cancer cell enrichment filter consisting of’
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a substrate having a plurality of through holes, wherein at least a
part of the substrate is coated with the agent for improving cancer cell
adhesiveness according to any one of claims 1 to 6.

8. The cancer cell enrichment filter according to claim 7,

wherein the through holes have an average pore size of S pm or
more and less than 30 pm and an average aperture ratio of 5% or more
and less than 50%.

9. The cancer cell enrichment filter according to claim 7 or 8,
wherein the substrate is made of a metal.
10.  The cancer cell enrichment filter according to claim 9,

wherein the metal is selected from the group consisting of
copper, nickel, a copper-nickel alloy, and copper, nickel or
copper-nickel alloy having a gold-plated surface,

11, The cancer cell enrichment filter according to claim 9 or 10,
wherein the through holes are formed by an electrocasting

method.

12, A method for detecting presence of cancer cells, comprising:

a filtration step of filtering peripheral blood with the cancer cell
enrichment filter according to any one of claims 7 to 11.

13.  The method according to claim 12, further comprising;

a step of analyzing a gene of cells having been enriched in the
filtration step.

14,  The method according to claim 12 or 13, further comprising:
a step of culturing cells having been enriched in the filtration

step.
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