
• DESCRIPTION 

AGENT FOR RA:PROVING CANCER CELL ADHESIVENESS 

Technical Field 

[0001] The present invention relates to an agent for improving cancer 

5 cell adhesiveness. 	More particularly, 	it relates to an agent for 

improving cancer cell adhesiveness, a cancer cell enrichment filter and a 

method for testing cancer cells. 

Background Art 

[0002] Enrichment of cancer cells is extremely 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 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 "CFCs"). 

[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 CTCs. 	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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perform a complicated treatment as well as the recovery rate is poor in 

some cases. 

[0004] As another technique to segregate/enrich CTCs, a method using 

a polycarbonate filter has been proposed (see, for example, Non Patent 

5 Literatures 1 and 2). 	Furthermore, a technique to segregate/enrich 

CTCs by utilizing a difference in size has also been proposed (see, for 

example, Non Patent Literatures 3 to 5 and Patent Literature I). 

[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 

10 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 hi 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 Literatures 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 

25 

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, 

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

aforementioned problems, and an object of the present invention is to 
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provide an agent for improving cancer cell adhesiveness that is capable 

of improving adhesiveness of cancer cells. 	Another object of the 

present invention is to provide a cancer cell enrichment filter whose 

surface is coated with the agent for improving cancer cell adhesiveness. 

5 Still another object of the present invention is to provide a method for 

testing cancer cells comprising a step of filtering peripheral blood with 

the cancer cell enrichment filter. 

Solution to Problem 

[0011] There has been a conventional problem in which contact of 

10 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 is known that even if blood 

comes into contact with a surface of a medical material, adhesiveness of 

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. 
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[0013] Specifically, 	the present 	invention provides 	an 	agent 	for 

improving cancer cell adhesiveness consisting of a polymer comprising 

a constitutional unit represented by the following formula (1): 
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[0015] In the formula (1), R1  is a hydrogen atom or a methyl group, R2  

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 cart 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 adhesiveness 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 enrichment 

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 
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improving adhesiveness of cancer cells to a substrate comprising a step 

of coating the substrate with a polymer comprising a constitutional unit 

represented by the following formula (1): 

[0019] 
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[0020] In the formula (1), R' is a hydrogen atom or a methyl group, R2  

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] 

i 	1-12 
C 	R1+ 

I 
C=0 	 (1) 
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[0023] In the formula (1), R' is a hydrogen atom or a methyl group, R2  

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] 
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[0026] In the formula (1), RI  is a hydrogen atom or a methyl group, R2  
is a methyl group or an ethyl group, and m is 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] 

4-1C12 —R1-1- 
I  

(1) C=0 

I 	H2  __(.112  C —C —03-122  m 
[0029] In the formula (1), RI  is a hydrogen atom or a methyl group, R2  

10 is a methyl group or an ethyl group, and m is 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] 
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[0032] In the formula (1), RI  is a hydrogen atom or a methyl group, R2  

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

[0033] The polymer may consist of a constitutional unit represented by 

the above formula (1). 	Furthermore, it is preferable that R.1-  is a 

5 hydrogen atom, R2  is a methyl group, and m is 1. 	Alternatively, RI  

may be a hydrogen atom, R2  may be an ethyl group, and m may be 2, or 

RI  may be a methyl group, R2  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 enrichment ratio. 

[0037] The through holes preferably have an average pore size of 5µm 

or more and less than 30 um 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 
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ratio. 

[0039] The present invention further provides a method for detecting 

presence. of cancer cells 	comprising 	a filtration step 	of filtering 

peripheral blood with the cancer cell enrichment filter. 

5 [0040] According to the method of the present invention, the presence 

of cancer cells such as CTCs in peripheral blood collected from a 

patient can be easily detected. 

[0041] The test method may further include a step of analyzing a gene 

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. 
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Figure 2 is a graph showing results of Experiment Example 1-3, 

in which A corresponds to a result obtained in applying a polymer 

solution once, B corresponds to a result obtained in applying the 

polymer solution twice and C corresponds to a result obtained by a 

S positive control. 

Figure 3 is a graph showing results of Experiment Example 1-4. 

Figure 4 is a graph showing results of Experiment Example I-S. 

Figure 5 is a graph showing results of Experiment Example 11-4. 

Figure 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] 

[ H2 
C -1R1+ 

C=0 (1) 

I 
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5 

[0048] In the above formula (1), RI  is a hydrogen atom or a methyl 

group, R2  is a methyl group or an ethyl group, and m is 1 to 3. 	A 

number average molecular weight of the polymer is preferably 10,000 

to 300,000. 	If the number average molecular weight is 10,000 or less, 

the polymer is in the form of a liquid and hence is difficult to handle in 

some cases. 	Furthermore, in some cases, the polymer is difficult to 

attain a number average molecular weight of 300,000 or more by 

general radical polymerization. 

10 

[0049] The polymer can be typically produced by polymerization, 

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] 

H2c=--c, R3  
I G=0 	 (2) 
I 	H

2 	
H

2  0—(C—C-0)—R4  
n 

[0051] In the above formula (2), 12? is a hydrogen atom or a methyl 

group, R4  is a methyl group or an ethyl group, and n is 1 to 3. 

20 [0052] In the polymerization, a solvent 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, 
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tetrahydrofuran and diethyl ether; halogenated aromatic hydrocarbons 

such as o-dichlorobenzene; amides such as N,N-dimethylformamide; 

sulfoxides such as dimethyl sulfoxide; aromatic hydrocarbons such as 

benzene and toluene; and aliphatic hydrocarbons such as hexane and 

5 pentane, among which an ether solvent such as dioxane is preferably 

used. 

[0053] In one embodiment, 	an agent for improving cancer cell 

adhesiveness, consists of a polymer consisting of a constitutional unit 

represented by the above formula (I). 

10 [0054] In the 	agent for improving 	cancer 	cell 	adhesiveness, 	a 

combination of RI, R2  and m of the above formula (1) is preferably any 

one of the following combinations (a) to (h): 

(a) RI  is a hydrogen atom, R2  is a methyl group, and m is 1 to 2; 

(b) RI  is a hydrogen atom, R2  is a methyl group, and in is 3; 

15 (c) RI  is a hydrogen atom, R2  is an ethyl group, and m is 1 to 2; 

(d) le is a hydrogen atom, R.2  is an ethyl group, and in is 3; 

(e) RI  is a methyl group, R2  is a methyl group, and tri is 1 to 2; 

(f) RI  is a methyl group, R2  is a methyl group, and m is 3; 

(g) R.I  is a methyl group, R2  is an ethyl group, and m is 1 to 2; 

20 and 

(h) RI  is a methyl group, R2  is an ethyl group, and m is 3. 

[0055] When the combination of RI, R2  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 to a substrate coated with the agent for 

improving cancer cell adhesiveness. 
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5 

[0056] In one embodiment, 	an agent for improving cancer cell 

adhesiveness is a random copolymer, a block copolymer or a graft 

copolymer of a monomer represented by the above fmniula (2) and 

another polymerizable monomer, 

[0057] Examples of the monomer polymerizable with the monomer 

represented by the above formula (2) include: alkylacrylamides such as 

acrylamide, t-butyl acrylamide, n-butyl acrylamide, i-butyl acrylamide, 

hexyl acrylamide and heptyl acrylamide; N,N-dialkylacrylamides such 

as N,N-dimethylacrylamide and N,N-diethylamylamide; 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 	methaerylamide, 

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, 	ethyl 	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 monomers selected from 

the group consisting of alkyl acrylate, alkyl methacrylate, alkoxy 
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(meth)acrylate, alkoxy alkyl (meth)acrylate, glycidyl methacrylate and 

propylene. 

[0059] The copolymer of the monomer represented by the above 

formula (2) and the above-described polymerizable monomer can be 

5 any one of a random copolymer, a block copolymer and a graft 

copolymer, and may be produced by any of random polymerization, ion 

polymerization, polymerization utilizing a macromer and the like 

[0060] When the monomer represented by the above formula (2) and 

the polymerizable monomer 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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aliphatic or aromatic organic solvents, and more specifically, examples 

include ether solvents such as dioxane, tetrahydrofuran and diethyl 

ether; halogenated aromatic hydrocarbons such as o-diehlorobenzene; 

amides such as N,N-dimethylformamide; sulfoxides such as dimethyl 

5 sulfoxide; aromatic hydrocarbons such as benzene and toluene; and 

aliphatic hydrocarbons such as hexane and pentane, among which an 

ether solvent such as dioxane is preferably used. 

[0063] When the agent for improving cancer cell adhesiveness is 

applied to a surface of a substrate of a cancer cell enrichment filter or 

10 the like, blood compatibility is imparted, and hence, if the filter is 

brought into contact with blood, activation of blood components can be 

inhibited, so as to reduce adhesion of blood cell components to the filter. 

Furthermore, since the cancer cell enrichment filter to which the agent 

for 	improving 	cancer cell 	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 imino 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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[0065] In contact between a medical material surface and protein 

present 	in 	a 	biological 	tissue 	or 	blood, 	it 	is 	preferable 	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 

working between substances. 	Also from this point of view, the surface 

to which the agent for improving cancer cell adhesiveness is applied can 

be provided with a suitable surface structure. 

[0066] PUrthemiore, since the surface to which the agent for improving 

10 

15 

20 

cancer cell adhesiveness is applied has moderate hydrophilicity, even 

when it comes into contact with blood, blood platelets are merely 

slightly adhered thereto, and thus, excellent blood compatibility is 

shown. 	Moreover, it is presumed that interaction with a biological 

component via a hydrogen bond derived from a hydroxyl group, 

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, 

cancer cells can be selectively and efficiently captured. 	The details of 

the mechanism of showing this function 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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improving 	cancer 	cell 	adhesiveness 	and 	is 	molten at 	0°C; 	(2) 

unfreezable water that has strong interaction with the agent for 

improving cancer cell adhesiveness and does not freeze even at -100°C; 

and (3) intermediate water that has interaction intermediate between the 

5 free water and the unfreezable water and freezes at a temperature lower 

than 0°C. 	Normal blood cells form a hydration shell with the 

unfreezable water, the intermediate water, the free water and the like in 

contact with the agent for improving cancer cell adhesiveness, and 

hence 	are 	stabilized 	owing 	to this 	hydration structure, 	but the 

10 unfreezable water strongly affected by the structure of the agent for 

improving cancer cell adhesiveness is probably 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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[0070] In one embodiment, the present invention 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 agent for 

improving cancer cell adhesiveness. 	This filter is capable of enriching 

5 cancer cells such as CTCs present in blood. 	Examples of the opening 

shape of each though hole include a circular shape, an elliptic shape, a 

rectangular shape, a rounded rectangular shape and a polygonal shape. 

A rounded rectangular shape is a shape having two long sides in the 

same length and two semicircles. 	From the viewpoint that cancer cells 

10 can be efficiently captured, a circular shape, a rectangular shape or a 

rounded rectangular shape is preferably employed. 	Besides, from the 

viewpoint of preventing clogging of the filter, a rounded rectangular 

shape is particularly preferably employed. 

[0071] Figure 1 is a schematic diagram illustrating one embodiment of 

15 the cancer cell enrichment filter, 	The filter 100 consists of a substrate 

20 having a plurality of through holes 10. 	The opening shape of each 

through hole 10 is a rounded rectangular shape. 	CTCs are captured on 

a surface of a face 30 of the substrate 20. 	At least a part of the face 30 

is coated with the agent for improving cancer cell adhesiveness. 	The 

20 agent for improving cancer cell adhesiveness is preferably coated over 

the whole of the face 30. 	A part or the whole of a face opposite to the 

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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employed. 	The coating method is performed by allowing a solution of 

the polymer comprising the constitutional unit represented by the above 

formula (1) to adhere to the substrate surface by a dipping method, a 

spraying method, a spin coating method or the like, and then removing 

5 (drying) the solvent. 	A thickness of a film attained after drying the 

solvent is preferably 0.01 pm to 1,0 mm, more preferably 0.1 to 100 rim 

and further more preferably 0.5 to 50 um. 	If the film thickness is 

smaller than 0.01 um, non-adhesiveness to blood cell components and 

adhesiveness to cancer cells may not be sufficiently exhibited in some 

10 cases. 	Alternatively, if the film thickness exceeds 1.0 mm, it is 

apprehended that balance between these adhesiveness characteristics 

may be lost in some cases, 

[0073] In order to more strongly fix the agent for improving cancer cell 

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 a crosslinkable monomer to the materials 

of the polymer. 	For the crosslinkage, electron beams, y 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 

19 



Pa, and under an atmosphere of argon, nitrogen, air, any of various 

monomers or the like for 1 to 300 seconds, preferably 2 to 30 seconds. 

5 

[0075] In one embodiment, the material and the shape of the substrate 

are not especially limited, and for example, a porous body, fiber, 

nonwoven fabric, a film, a sheet or a tube may be employed. 

Examples of the material of the substrate include natural polymers such 

as cotton and hemp; synthetic polymers such as nylon, polyester, 

polyacrylonitrile, 	polyolefin, 	halogenated polyolefm, 	polyurethane, 

polyamide, 	polysulfone, 	polyether 	sulfone, 	poly(meth)amylate, 	a 

10 halogenated polyolefin ethylene-polyvinyl alcohol copolymer and a 

butadiene-acrylonitrile copolymer; and mixtures thereof. 	Examples of 

the material also include metals, ceramics and composite materials 

thereof, and the substrate may include a plurality of substrates. 

[0076] Examples of the metal include but are not limited to noble 

15 metals such as gold and silver; base metals such as copper, aluminum, 

tungsten, nickel and chromium; and alloys of these metals. 	Such a 

metal may be singly used, or may be used as an alloy with another metal 

or as a metal oxide for imparting functionality, 	From the viewpoint of 

the price and availability, nickel, copper or a metal containing any of 

20 them as a principal component is preferably used. 	Here, a principal 

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 1.1m or more. 	Here, a 

diameter of a cell means a length of the longest straight line out of 
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straight lines each connecting arbitrary two points on the outline of the 

cell in observation with a microscope. 	From the viewpoint of the 

permeability of blood and CTC capturing performance, the through 

holes of the cancer cell enrichment filter have an average pore size of 

S preferably 5 pm or more and less than 30 pin and an average aperture 

ratio of preferably 5% or more and less than 50%. 	Furthermore, the 

average pore size and the average aperture ratio are respectively more 

preferably 5 pm or more and less than 15 pm and 10% or more and less 

than 40% and particularly preferably 5 pm or more and less than 10 pm 

10 and 20% or more and less than 40%. 	Here, an aperture ratio means an 

area 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 opening 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 is 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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the long 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 

p.m, more preferably 5 to 50 pm and particularly preferably 10 to 30 p.m. 

5 If the thickness of the substrate is smaller than 3µm, the filter may be 

degraded in its strength and hence may be difficult to handle in some 

cases. 	Alternatively, if the thickness of the substrate exceeds 1.00 inn, 

the materials may be consumed in an amount more than necessary or it 

may take longer time to work the substrate, and hence, such a large 

10 thickness may be disadvantageous in cost and precise working of the 

substrate itself may become difficult in some cases. 

[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 irradiated through the mask. 	After the light irradiation, if the 

support remains 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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the like, and thus, a resist pattern is formed. 	Thereafter, the developed 

resist pattern is used as a mask, so as to plate portions not masked but 

exposed on the substrate. 	Examples of a plating method include 

copper plating, solder plating, nickel plating and gold plating. 	After 

5 the plating, the resulting plating layer is peeled off from the support and 

the photosensitive layer, and thus, the plating layer is obtained. 	When 

at least a part of the plating layer is coated with the agent for improving 

cancer cell adhesiveness by the aforementioned method, the cancer cell 

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 enrichment 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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Furthermore, the area of the used filter is suitably 1 to 10 cm2  if, for 

example, CTCs are enriched from 1 inL of blood. 

[0083] When CTCs are enriched by the aforementioned method, not 

only 	the 	CTCs 	but 	also 	blood 	cells 	such 	as 	leucocytes 	are 

5 simultaneously enriched, 	Therefore, it is necessary to determine 

whether or not cancer cells are contained in collected cells. 	For 

example, after enriching the CTCs by the aforementioned method, cells 

can be verified as cancer cells 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. 	Alternatively, 

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 1-1) 
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(Synthesis of polymethoxyethyl acrylate) 

Polymethoxyethyl acrylate having a constitutional unit of the 

above formula (1) in which RI  is hydrogen, R2  is a methyl group and m 

is 1 was synthesized. 	Specifically, 15 g of methoxyethyl acrylate was 

5 polymerized in 60 g of 1,4-dioxane at 75°C for 10 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, 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 "PLC Pump (manufactured by Jasco 

Corporation) 

Column: GPC IC804 (manufactured by Showa Denko K.K., 

Shodex) 

Bluetit: chloroform 

25 Measurement temperature: room temperature 

Flow rate: 1.0 mUrnin 
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Detector: 	lase() 	RI-1530 	RI 	(manufactured 	by 	fasco 

Corporation) 

[0089] (Experiment Example 1-2) 

(Preparation of nickel substrate) 

5 

10 

A commercially available titanium plate was immersed, as a 

cathode, in an electrolytic bath for electrolytic nickel plating (that is, an 

aqueous solution of 450 g/L of nickel sulfamate, 5 g/L of nickel chloride 

and 30 gic, of boric acid, 55°C), and an anode was immersed in the 

same electrolytic bath. 	With a voltage applied to the both electrodes, 

nickel plating was performed to attain a film thickness of 10 um, and 

thus, a nickel substrate was prepared. 

[0090] (Experiment Example 1-3) 

(Coating and verification of nickel substrate) 

The polymer synthesized in Experiment Example 1-1 was 

15 

20 

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 1-2 and the solvent was dried, so as to 

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

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 µ.1, 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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measured 30 seconds after dropping 2µl of pure water onto the surface 

of each substrate. 	Figure 2 is a graph showing the results obtained in 

Experiment Example 1-3. 	The abscissa indicates the concentration of 

the polymer and the ordinate indicates the contact angle of water. 	In 

5 Figure 2, A corresponds to the result obtained in applying the polymer 

solution once, B corresponds to the result obtained in applying the 

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 1-2 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-I 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 1-2 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-I, 1.0 mL of cancer cell suspension adjusted to 
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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, human 

fibrosarcoma cell line HT-1080 was used. 	Subsequently, the substrates 

5 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 (DAN). 	The number of cell nuclei 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 

1-4. 	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 1-5) 

20 (Preparation of substrate) 

In the same manner as in Experiment Example 1-4, the nickel 

substrates of Example I-1 and Comparative Example 1-1 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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anticoagulated with sodium citrate was dropped with a pipette, and the 

resulting substrates were allowed to stand still at 37°C for 60 minutes. 

Subsequently, each substrate was rinsed with a phosphate buffer 

solution, and after fixation with glutaraldehyde, the substrate was 

5 observed with a scanning electron microscope, so as to count the 

number of blood platelets adhered in an area of 1 x 104  um2. 

[0096] Figure 4 is a graph showing the results obtained in Experiment 

Example 1-5. 	The experiment was carried out five times on each 

substrate, and the results are shown as a mean ± standard deviation. 	In 

10 the nickel substrate of Example I-1, the number of adhered blood 

platelets was smaller than in the nickel substrate of Comparative 

Example I-1. 

[0097] It was revealed, based on the results of Experiment Examples 

1-4 and 1-5, that the nickel substrate of Example I-I shows improved 

15 adhesiveness to cancer cells but shows low adhesiveness to a blood 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 11-1) 

(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 RI  is hydrogen, R2  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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1,4-dioxane at 75°C for 10 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 fonn a precipitate, and thus the product was isolated. 	The 

5 product was dissolved in tetrahydrofuran, 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 was obtained. 	The yield amount (the 

yield rate) was 11.4 g (76.0%). 	The structure of the thus obtained 

10 polymer was verified by 1H-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 

15 the same GPC measurement conditions as in Experiment Example I-1. 

[0099] (Synthesis of poly[2-(2-methoxyethoxy)ethyl methacrylate]) 

Poty[2-(2-methoxyethoxy)ethyl 	methacrylate] 	having 	a 

constitutional unit represented by the above formula (1) in which RI  is a 

methyl group, 11.2  is a methyl group and m is 2 was synthesized. 

20 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 

25 isolated. 	The product was dissolved in tetrahydrofuran, and the 

resulting solution was purified with n-hexane twice. 	The resulting 
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purified product was dried under reduced pressure for a whole day and 

night. 	Thus, a clear and colorless syrup-like polymer was obtained. 

The yield amount (the yield rate) was 8.2 g (82.0%). 	The structure of 

the thus obtained polymer was verified by 11-1-14MR. 	As a result of 

5 analysis for the molecular weight by the GPC, the polymer was found to 

have a number average molecular weight (Mn) of 104,000 and a 

molecular weight distribution (Mw/Mn) of 4.6. 	The molecular weight 

of the polymer was calculated in terms of standard polystyrene 

molecular weight under the same GPC measurement conditions 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-methaeryloyloxyethyl 	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] 

o.....„..o ________.---,„,, 

o (3) 

20 

o ..
.....----.....,,...-0 -, IL-0 --,...„----....„ I +,_, N — 

c ct • 	 I 

[0102] In the above formula (3), X and Y are 1 to 10,000, and MY is 

40:60 mol% to 1:99 mol%. 
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[0103] Specifically, the monomers were dissolved in ethanol, and the 

polymerization was performed at 75°C for 10 hours with nitrogen 

bubbling by using azobisisobutyronitrile (0.1% by mass) as an initiator. 

After the polymerization was completed, the resultant was added 

5 dropwise to diethyl ether to form a precipitate, and thus the product was 

isolated. 	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 

polymer was obtained. 	The yield rate was 51%. 	As a result of the 

10 analysis 	of the thus 	obtained polymer 	by the 	gel permeation 

chromatography (GPC), the polymer was found to have a number 

average molecular weight of 240,000 	and a molecular weight 

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 conditions as in Experiment 

Example I-J. except that ethanol/chloroform (2/8) was used as the 

eluent. 

[0104] (Experiment Example 11-2) 

(Preparation of nickel substrate) 

20 A nickel substrate was prepared in the same manner as in 

Experiment Example 1-2. 

[0105] (Experiment Example 11-3) 

The nickel substrate was coated with each of the polymers in the 

same manner as in (Experiment Example 1-3), 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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wt/vol or more, the contact angle was substantially stabilized at 25°. 

In 	using 	the 	poly[2-(2-methoxyethoxy)ethyl 	methacrylate] 	in 	a 

concentration 	of 0.5% wt/vol 	or more, 	the contact angle was 

substantially 	stabilized 	at 	38°, 	In 	using 	the 

5 poly(2-methacryloyloxyethyl phosphorylcholine-co-butyl methacrylate) 

in a concentration of 0.1% wt/vol or more, the contact angle was 

substantially stabilized at 104°. 

[0106] (Experiment Example 11-4) 

(Preparation of substrate) 

10 The four polymers synthesized in Experiment Examples I-1 and 

II-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 11-2 and 

the solvent was dried, so as to coat the surface of the nickel substrate 

15 with the polymer, and thus, nickel substrates of Example II-1 (using 

polymethoxyethyl 	actylate), 	Example 	11-2 	(using 

poly[2-(2-ethoxyethoxy)ethyl 	acrylate]), 	Example 	11-3 	(using 

poly[2-(2-methoxyethoxy)ethyl 	methacrylate] 	and 	Comparative 

Example 	II-1 	(using 	poly(2-methacryloyloxyethyl 

20 phosphorylcholine-co-butyl 	methacrylate)) 	were 	prepared. 	Each 

polymer solution was applied twice, 	Through X-ray photoelectron 

spectroscopy (Shimadz-u 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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[0107] (Test for cancer cell adhesiveness) 

Onto each of the nickel substrates of Examples II-1 to 11-3 and 

Comparative Example 1I-1, 1,0 tni, of cancer cell suspension adjusted to 

10,000 cells/mL in a medium containing 10% of blood serum was 

5 dropped with a pipette, and the resulting substrates were allowed to 

stand still at 37°C for 60 minutes, 	As the cancer cells, human 

mammary 	adenocarcinoma 	cell 	line 	1V1DA-MB-231 	was 	used. 

Subsequently, the substrates were rinsed with a physiological buffered 

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 

Collimation, 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 

11-4. 	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 11-1 captured 2000 or more cancer cells. 	The 

20 nickel substrate of Example U-2 captured 1500 or more cancer cells. 

The nickel substrate of Example 11-3 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 111-1) 

25 (Synthesis of poly[2-(2-ethoxyethoxy)ethyl methacrylate]) 

Poly[2-(2-ethoxyethoxy)ethyl 	methacrylate] 	having 	a 
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constitutional unit represented by the above formula (1) in which R1  is a 

methyl group, R2  is an ethyl group and m is 2 was synthesized. 

Specifically, 	15.0 	g (7.4 x 10.2  mol) 	of 2-(2-ethoxyethoxy)ethyl 

methacrylate was dissolved in 58.2 mL of 1,4-dioxane to be subjected to 

5 N2 purge for 2 hours. 	To the resultant, 15.1 mg (9.2 x 10
.2 

 mmol) of 

azobisisobutyronitrile used as an initiator dissolved in a small amount of 

1,4-dioxane was added, and the polymerization was performed under a 

nitrogen atmosphere at 75°C for 2 hours and 10 minutes. 	Purification 

was performed by using hexane. 	The reaction solution was added 

10 dropwise to 1500 mL of hexane serving as a poor solvent, and the 

solvent was removed by decantation. 	To the thus obtained crude 

polymer, approximately 50 ml., of tetrahydrofuran (TIE) 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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[0110] (Experiment Example 111-2) 

(Preparation of nickel substrate) 

A nickel substrate was prepared in the same manner as in 

Experiment Example 1-2. 

5 [0111] (Experiment Example 111-3) 

With the nickel substrate coated with the polymer in the same 

manner as in Experiment (Example 1-3), 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 

10 methacrylate] in a concentration of 0.5% wt/vol or more. 

[0112] (Experiment Example M-4) 

(Preparation of substrate) 

The five polymers synthesized in Experiment Examples I-1,11-1 

and 111-1 were respectively dissolved in chloroform for obtaining 

15 solutions each in a concentration of 4% by mass. 	Each of these 

solutions was applied to the nickel substrate prepared in Experiment 

Example 111-2 and the solvent was dried, so as to coat the surface of the 

nickel substrate with the polymer, and thus, nickel substrates of 

Example 111-1 (using polymethoxyethyl acrylate), Example 111-2 (using 

20 poly[2-(2-ethoxyethoxy)ethyl 	acrylate]), 	Example 	111-3 	(using 

poly[2-(2-methoxyethoxy)ethyl methacrylate], Comparative Example 

111-1 (using poly(2-methaciyloyloxyethyl phosphorylcholine-co-butyl 

methacrylate)) and Example 111-4 (using poly[2-(2-ethoxyethoxy)ethyl 

methacrylate]) were prepared. 	Each polymer solution was applied 

25 twice, 	Through the X-ray photoelectron spectroscopy (Shimadzu 

Corporation, ESCA-1000), a peak of nickel derived from the nickel 
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substrate was not observed but peaks of carbon and oxygen derived 

from the polymer were detected, and thus, it was verified that each 

nickel substrate was coated with the corresponding polymer. 

[0113] (Test for cancer cell adhesiveness) 

5 Onto each of the nickel substrates of Examples III-1 to 111-4 and 

Comparative Example III-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 

111-4. 	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 111-4 captured 6000 or more cancer cells 

per cm2. 	The nickel substrate of Example 111-2 captured 5000 or more 

cancer cells per cm2. 	The nickel substrate of Example 1.11-3 captured 

2000 or more cancer cells per cm2. 	On the contrary, the nickel 

25 substrate of Comparative Example 111-1 captured merely approximately 

130 cancer cells per cm2. 
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Reference Signs List 

[0115] 10 ... through hole, 20 ... substrate, 30 ... face, NO ... filter. 
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Claims 

1.  A cancer cell enrichment filter comprising: 

a of through holes, wherein at least a substrate having a plurality 

part of the substrate is coated with an agent for improving cancer cell 

5 adhesiveness, 	the 	agent 	for 	improving 	cancer 	cell 	adhesiveness 

consisting of a polymer comprising a constitutional unit represented by 

the following formula (1): 

112  
C 

[ 
—4 

I 
cr—o (1) 

I H2 4H2 
0 	C -C -0YR2  

m 

wherein (i) RI  is a hydrogen atom, R2  is an ethyl group and m is 

10 2 or (ii) RI  is a methyl group, R2  is a methyl group and m is 2. 

2.  The cancer cell enrichment filter according to claim 1, wherein 

the polymer consists of the constitutional unit represented by the 

formula (1). 

15 

3.  The cancer cell enrichment filter according to claim 1, wherein 

RI  is a hydrogen atom, R2  is an ethyl group and m is 2. 

4.  The cancer cell enrichment filter according to claim 1, wherein 

20 RI  is a methyl group, R2  is a methyl group and m is 2. 

5.  The cancer cell enrichment filter according to claim 1, wherein a 

number average molecular weight of the polymer is 10,000 to 300,000. 
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6. The cancer cell enrichment filter according to claim 1, 

wherein the through holes have an average pore size of 5 um or 

more and less than 30 um and an average aperture ratio of 5% or more 

5 and less than 50%. 

7. The cancer cell enrichment filter according to claim 1, 

wherein the substrate is made of a metal. 

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

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. 

15 9. A method for detecting presence of cancer cells, comprising: 

a filtration step of filtering peripheral blood with the cancer cell 

enrichment filter according to claim 1. 

10. The method according to claim 9, further comprising: 

20 a step of analyzing a gene of cells having been enriched in the 

filtration step. 

11. The method according to claim 9, further comprising: 

a step of culturing cells having been enriched in the filtration 

25 step. 
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12.  A method for improving adhesiveness of cancer cells to a 

substrate comprising a step of coating the substrate with a polymer 

comprising a constitutional unit represented by the following formula 

(1): 

H2 
C 

[ 
-CRI+ 

I 
C=0 (1) 

I H 	H 
04C2 -C2-0)--R2  

5 , 

wherein (i) RI  is a hydrogen atom, R2  is a an ethyl group, and m 

is 2 or (ii) R' is a methyl group, R2  is a methyl group and m is 2. 

13.  The method according to claim 12, wherein the polymer consists 

10 of the constitutional unit represented by the formula (1). 

14.  The method according to claim 12, wherein RI  is a hydrogen 

atom, R2  is an ethyl group and m is 2. 

15 15.  The method according to claim 12, wherein R' is a methyl group, 

R2  is a methyl group and m is 2. 

16.  The method according to claim 12, wherein a number average 

molecular weight of the polymer is 10,000 to 300,000. 
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