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(57) ABSTRACT 

An objective of the present invention is to obtain two types of 
Substantively homogeneous cancer stem cell populations 
which can be characterized using the cell Surface marker 
Lgr5, and to provide cancer therapeutics using an antibody 
against a cell membrane molecule specifically expressed in 
these cancer stem cells by identifying said cell membrane 
molecule. A further objective of the present invention is to 
provide, using an antibody against a cell membrane molecule 
specifically expressed in cancer stem cells, a reagent for 
detecting cancer Stem cells, and a method for diagnosing and 
sorting cancer patients. The present inventors discovered that 
highly pure large intestine cancer stem cells (CSC) can be 
obtained in a large quantity, and identified the two types of 
conditions of large intestine CSCs distinguishable through 
Lgrš expression. Moreover, the present inventors discovered 
that an antibody against a cell membrane molecule specifi 
cally expressed in said cancer stem cells can damage said 
cells. 
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CANCER STEM CELL-SPECIFIC 
MOLECULE 

TECHNICAL FIELD 

0001. The present invention relates to cell surface mol 
ecules specific to Lgr5-positive cancer stem cells with a high 
proliferative potential or Lgrš-negative cancer Stem cells with 
a low proliferative potential; and pharmaceutical composi 
tions that comprise as an active ingredient an antibody against 
Such a cell Surface molecule. The present invention also 
relates to reagents for detecting cancer stem cells and meth 
ods for selecting cancer patients, which use an antibody 
described above. 

BACKGROUND ART 

0002 Cancer stem cells (CSCs) are considered to be the 
origins of cancer. The reason is that these cells have the ability 
to self-renew and differentiate to form a tumor hierarchy 
(Non-patent Document 1). Furthermore, CSCs can migrate 
and be tolerant to anti-cancer drug therapy (Non-patent 
Document 1). Since CSCs are believed to be a rare subset in 
tumors, there have been numerous efforts to characterize 
them based on cell Surface markers and tumor-initiating 
activity in Xenograft transplantations. CSCs have been 
reported in several types of cancer, including acute myelo 
cytic leukemia (AML) (Non-patent Documents 2 and 3), 
breast cancer (Non-patent Document 4), glioma (Non-patent 
Document 5), head and neck cancer (Non-patent Document 
6), pancreatic cancer (Non-patent Documents 7 and 8), lung 
cancer (Non-patent Document 9), prostatic cancer (Non 
patent Documents 10 and 11), mesenchymal neoplasm (Non 
patent Document 12), and melanoma (Non-patent Docu 
ments 13 and 14). Earlier studies of O'Brien et al. (Non 
patent Document 15) and Ricci-Vitiani et al. (Non-patent 
Document 16) reported that CD133 served as a CSC marker 
for colorectal cancer. Thereafter, different research groups 
have reported other markers: CD44, EpCAM, CD166 (Non 
patent Document 17), and ALDH (Non-patent Documents 18 
and 19). Recently, Pang et al. demonstrated that CD26 serves 
as a marker for a CSC Subpopulation with metastatic capacity 
(Non-patent Document 20). 
0003) To isolate CSCs, most studies have employed a cell 
selection approach using in combination CSC markers such 
as EpCAM ""/CD44"/CD166" (Non-patent Document 17), 
CD133/CD44 (Non-patent Document 21), CD44'8"/ 
ALDH" (Non-patent Document 18), and ALDH1"/CD133" 
(Non-patent Document 19). In vitro spheroid (cell mass) cul 
tures and direct cancer cell Xenograft transplantation to 
immunodeficient mice have also been used to enrich CSCs 
(Non-patent Document 22). However, there was a necessity 
to prepare a large number of cancer stem cells with a high 
purity for further understanding the properties of CSCs. 
0004 One challenge in isolating CSCs arises from the 
phenotypic heterogeneity and/or instability of these cells 
(Non-patent Document 29). Three-dimensional spheroid cul 
tures are often used as a CSC source. Spheroid cultures are 
applicable directly to tumor cells of clinically resected speci 
mens and enable maintenance of heterogeneous CSC popu 
lations, and can have certain potential advantages compared 
to Xenograft transplantations. Due to the heterogeneity, how 
ever, results of biochemical analyses often show complicated 
CSC characteristics. CSC selection using antibodies against 
cell Surface marker proteins is commonly used to isolate 
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CSCs, but the number and purity of cells obtained by this 
method is limited. On the other hand, phenotypes from 
Xenografts remain stable even after frequent passages, and 
using Xenografts as a source of CSCs is also a common 
approach. However, there is an argument that Xenograft pas 
sages in mice only select cells viable in mice and result in 
elimination of cells that are hardly affected by such an envi 
ronment. It goes without saying that CSCs in Xenograft 
tumors reflect the characteristics of original CSCs, as long as 
they maintain the self-renewability and lineage differentia 
tion capacity of the original tumor. 
0005 Leucine-rich repeat-containing G-protein-coupled 
receptor 5 (Lgrš) was originally identified as an orphan 
G-protein-coupled receptor of the glycoprotein hormone 
receptor family (Non-patent Documents 23 and 24) and was 
demonstrated to be a Wnt target gene whose expression is 
restricted to the crypt (Non-patent Document 25). The dis 
covery that Lgr5-positive columnar cells can regenerate all 
epithelial lineages (Non-patent Document 25) and that a 
single Lgrš-positive cell can form crypt-Villus organoids in 
vitro without a mesenchymal niche (Non-patent Document 
26), conclusively proves that Lgr5-positive cells are stem 
cells in the normal large intestine. It has also been reported 
that Lgr5-positive cells form adenomas in the absence of Apc 
(Non-patent Document 27) and LgrS is expressed in colorec 
tal cancer cell lines (Non-patent Document 25). When con 
sidered together, the findings described above Suggest that 
Lgr5-positive cells are an origin of colorectal cancer (Non 
patent Document 25). It has been proven that, as in stem cells 
of the normal large intestine, Wnt activity is essential for in 
vitro and in vivo proliferation of CSCs and that exogenous 
HGF enhances Wnt activity (Non-patent Document 28). 
0006 Lgr5 was identified as a marker for normal large 
intestine stem cells, and has been demonstrated to serve as a 
marker for origins of colorectal cancer (Patent Document 1 
and Non-patent Document 30). Furthermore, Lgr5 was 
reported to be a protein that is over-expressed in colorectal 
cancer stem cells (Patent Document 2). The biological role of 
Lgr5 in the development of large intestine cancer remains 
poorly understood. 
0007 To date, various anti-cancer drugs and cancer thera 
peutic methods have been developed, but there are still issues 
to be solved, such as poor effectiveness, adverse effects, or 
being effective in only a limited number of patients. In recent 
years, therapeutic methods for targeting cancer stem cells 
have drawn attention, but their effectiveness and adverse 
effects remain poorly understood (Non-patent Document 31). 
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SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 
0041. The present invention was achieved in view of the 
circumstances described above. The present invention iso 
lates two types of cancer stem cell populations, which are 
Substantially homogeneous and characterized with Lgrš, a 
cell Surface marker, and identifies cell membrane molecules 
expressed specifically in the cancer stem cells. An objective 
of the present invention is to provide agents for treating can 
cer which use antibodies to those cell membrane molecules. 
Another objective of the present invention is to provide 
reagents for detecting cancer stem cells, methods for diag 
nosing and selecting cancer patients, which use antibodies to 
cell membrane molecules expressed specifically in cancer 
stem cells. 

Means for Solving the Problems 
0042. In order to prove the stem cell theory that can 
explain the mechanism of oncogenesis, maximum efforts 
have been made to identify, isolate, and characterize cancer 
stem cells (CSCs). However, obtaining highly pure CSCs in 
an amount sufficient to characterize them remained difficult. 
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It was therefore also difficult to identify cell membrane mol 
ecules specifically expressed on cancer stem cells. The 
present inventors conducted dedicated Studies to achieve the 
above-described objectives. 
0043. To isolate large intestine CSCs from human colorec 

tal cancer Xenografts maintained in NOG mice, the present 
inventors established, for the first time, a method for prepar 
ing a large quantity of highly pure large intestine CSCs using 
an in vitro monolayer culture (also simply referred to as 
adherent culture) with serum-free stem cell media. Specifi 
cally, the present inventors demonstrated that a large number 
of large intestine CSCs can be obtained with high purity by 
performing an adherent culture of isolated cells derived from 
moderately-differentiated human colorectal cancer 
xenografts maintained in NOD/Shi-scid, IL-2RY null (NOG) 
mice. Under these conditions, only large intestine CSCs can 
grow, Survive, and expand, and thus, the present inventors 
were able to obtain Substantially homogeneous large intestine 
CSCs with high purity. When passaged by adherent culture 
using serum-free stem cell media, large intestine CSCs pre 
pared by the above method were maintained stably without 
phenotypic alterations over a month or more. The cells 
expressed various previously-reported colorectal cancer stem 
cellmarkers (CD133, CD44, EpCAM, CD166, CD24, CD26, 
and CD29), and exhibited tumor-initiating activity at a rate of 
almost 100%. Furthermore, the cells formed tumors having 
the same histopathological features (hierarchical organiza 
tion) as the original primary tumor. The cells are also charac 
terized by being highly proliferative under adherent culture 
conditions and positive for Lgr5, a cell Surface marker. Fur 
thermore, the high proliferative Lgrš-positive cancer stem 
cells, when administered via the caudal vein to mice, formed 
tumor masses in organs such as lung and liver, which indi 
cates that the cells play an essential role in cancer metastasis. 
0044. On the other hand, low proliferative Lgr5-negative 
cancer stem cells were isolated by treating with anti-cancer 
agents such as irinotecan and 5-FU cancer stem cells that are 
positive for cell surface marker Lgr5 and highly proliferative 
under adherent culture conditions. Furthermore, the isolated 
low proliferative Lgrš-negative cancer stem cells were 
revealed to be converted to high proliferative Lgr5-positive 
cancer stem cells by re-culturing under adherent culture con 
ditions. This demonstrates that high proliferative Lgr5-posi 
tive cancer Stem cells and low proliferative Lgrš-negative 
cancer stem cells are interconvertible to each other and thus 
have an intrinsic interchangeability. Due to this ability, 
actively proliferating Lgrš-positive large intestine CSCs, 
when cultured under an altered culture condition or in the 
presence of an anti-cancer drug, were converted into the 
Lgr5-negative quiescent state. Alternatively, Lgrš-negative 
CSCs, when isolated and then cultured again under an adher 
ent culture condition, were converted to Lgr5-positive CSCs 
that proliferate actively. These cells also exhibited tumor 
initiating activity at a rate of almost 100%. Furthermore, the 
high proliferative Lgrš-positive cancer stem cells, when 
inoculated via the caudal vein to mice, formed tumor masses 
in organs such as lung and liver, which indicates that the cells 
play an essential role in cancer metastasis. 
0045. The interconversion of CSCs between the two types 
of conditions due to environmental changes may be helpful in 
explaining drug resistance and recurrence of cancer. The 
involvement of Lgrš-negative CSCs in oncogenesis can be 
correlated with the basic nature of stem cells. A plausible 
hypothesis is that CSCs can use intrinsic means to convert 
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into a different subset of a cell population under environmen 
tal changes such as by aggressive treatment with anti-cancer 
agents. CSCs, when exposed to stress Such as anti-cancer 
drugs or changes in the culturing environment, convert them 
selves to low proliferative Lgr5-negative CSCs in order to 
Survive avoiding the stress. Once the stress is removed, the 
cells can change again into high proliferative Lgr5-positive 
CSCs and start to proliferate. This implies that CSCs have a 
self-defense ability based on an intrinsic mechanism to adapt 
to new environments (FIG. 36). 
0046. The above-described research findings by the 
present inventors demonstrate that high proliferative Lgr5 
positive and low proliferative Lgrš-negative cancer stem cells 
both play important roles in cancer development, formation, 
metastasis, recurrence, drug resistance, etc., and can be major 
target cells in the development of anti-cancer agents. In par 
ticular, high proliferative Lgr5-positive cancer stem cells are 
considered to be involved in oncogenesis and metastasis 
while low proliferative Lgr5-negative cancer stem cells are 
thought to be involved in cancer recurrence. Thus, if cell 
Surface molecules that are expressed specifically on high 
proliferative Lgr5-positive cancer stem cells and low prolif 
erative Lgr5-negative cancer stem cells can be identified, 
Such molecules would enable therapies using antibodies and 
discovery of new anti-cancer agents and reagents for detect 
ing cancer stem cells. 
0047 Specifically, the present invention provides: 
1 a pharmaceutical composition comprising as an active 
ingredient at least one antibody that binds to a protein of SEQ 
ID NOs: 1 to 8: 
2 the pharmaceutical composition of 1, which is an anti 
cancer agent, 
3 the pharmaceutical composition of2, which is an agent 
for inhibiting cancer recurrence; 
4 the pharmaceutical composition of2, which is an agent 
for inhibiting cancer metastasis or an agent for postoperative 
adjuvant therapy; 
5the pharmaceutical composition of 4, which is an agent 
for inhibiting cancer metastasis or an agent for postoperative 
adjuvant therapy against Lgrš-positive cancer, which com 
prises as an active ingredient at least one antibody that binds 
to a protein of SEQID NOs: 1 to 6: 
6 the pharmaceutical composition of 2, which is a thera 
peutic agent against drug-resistant cancer, 
7 the pharmaceutical composition of 6, which is a thera 
peutic agent against Lgr5-negative cancer, and which com 
prises as an active ingredient at least one antibody that binds 
to a protein of SEQID NOs: 1 to 8: 
8 the pharmaceutical composition of 7 wherein the Lgr5 
negative cancer is a drug-resistant cancer, 
9 the pharmaceutical composition of any one of 2 to 8. 
which is an agent for inhibiting cancer stem cell proliferation 
or an agent for disrupting cancer stem cells; 
10 the pharmaceutical composition of any one of 2 to 9. 
wherein the cancer is a solid cancer, 
11 the pharmaceutical composition of any one of2 to 10. 
wherein the cancer is a digestive system cancer, 
12 the pharmaceutical composition of any one of2 to 11. 
wherein the cancer is a colorectal cancer, 
13 the pharmaceutical composition of any one of 1 to 12. 
wherein the antibody is a monoclonal antibody; 
14 the pharmaceutical composition of any one of 1 to 13. 
wherein the antibody is a chimeric antibody, a humanized 
antibody, or a human antibody; 
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15 the pharmaceutical composition of any one of 1 to 14. 
wherein the antibody is an antibody fragment; 
16 the pharmaceutical composition of 15, wherein the 
antibody is linked to a cytotoxic Substance or a proliferation 
inhibitor; 
17 the pharmaceutical composition of any one of 1 to 14. 
wherein the antibody has a cytotoxic activity; 
18 the pharmaceutical composition of 17, wherein the 
cytotoxic activity is ADCC: 
19 the pharmaceutical composition of 17 or 18, which 
comprises an antibody with modified Sugar chains whose 
Sugar chain composition has been altered to increase the ratio 
of defucosylated antibody or to increase the ratio of antibody 
attached with bisecting N-acetylglucosamine; 
20 the pharmaceutical composition of 17, wherein the 
cytotoxic activity is CDC: 
21 the pharmaceutical composition of any one of 1 to 20. 
wherein the antibody has a neutralizing activity; 
22 the pharmaceutical composition of any one of2 to 21. 
or a pharmaceutical composition comprising the polypeptide 
of SEQ ID NO: 9 or a polypeptide resulting from addition, 
deletion, and/or Substitution of one or several amino acids in 
the polypeptide of SEQ ID NO: 9, which is to be used in 
combination with a chemotherapeutic agent simultaneously 
or after chemotherapeutic treatment; 
23 a reagent for detecting a cancer stem cell, which com 
prises as an active ingredient at least one antibody that binds 
to a protein of SEQID NOs: 1 to 8: 
24 the reagent of 23, wherein it is used in detecting an 
Lgr5-positive cancer stem cell, and wherein the antibody is at 
least one antibody that binds to a protein of SEQID NOs: 1 to 
6; 
25 the reagent of 23, wherein it is used in detecting an 
Lgr5-negative cancer stem cell, and wherein the antibody is at 
least one antibody that binds to a protein of SEQID NOs: 1 to 
8: 
26 a method for diagnosing cancer or selecting a cancer 
patient (a method for testing and/or selecting cancer), 
wherein the method comprises, by using at least one antibody 
that binds to a protein of SEQID NOs: 1 to 8, detecting the 
presence of at least one of the proteins in a sample isolated 
from a cancer patient; 
27 the method of 26, wherein it is used in diagnosing 
Lgr5-positive cancer or selecting a cancer patient, and 
wherein the antibody is at least one antibody that binds to a 
protein of SEQID NOs: 1 to 6: 
28 the method of 26, wherein it is used in diagnosing 
Lgr5-negative cancer or selecting a cancer patient, and 
wherein the antibody is at least one antibody that binds to a 
protein of SEQID NOs: 1 to 8: 
29 a method for assessing the effectiveness of the pharma 
ceutical composition of any one of 1 to 22, wherein the 
method comprises detecting the presence of one or more of 
the proteins of SEQ ID NOs: 1 to 8 and/or polynucleotides 
encoding the proteins in a sample isolated from a subject 
administered with the pharmaceutical composition; 
30 the method of 29, which uses at least one antibody that 
binds to a protein of SEQID NOs: 1 to 8; and 
31 the method of 29, which uses polynucleotides encoding 
the proteins of SEQ ID NOs: 1 to 8 and/or complementary 
strands thereof. 
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0048. The present invention also provides: 
Ala method for treating cancer, comprising administering 
to a subject at least one antibody that binds to a protein of SEQ 
ID NOs: 1 to 8: 
A2 at least one antibody that binds to a protein of SEQID 
NOs: 1 to 8 for use in the treatment of cancer, 
A3 use of at least one antibody that binds to a protein of SEQ 
ID NOS: 1 to 8 for producing an anti-cancer agent, and 
A4 a process for manufacturing an anti-cancer agent, which 
comprises the step of using at least one antibody that binds to 
a protein of SEQID NOs: 1 to 8. 
0049. In a non-limiting embodiment of the present inven 
tion, treatment of cancer includes inhibition of cancer recur 
rence, inhibition of cancer metastasis, postoperative adjuvant 
therapy, treatment of drug-resistant cancer, inhibition of can 
cer Stem cell proliferation, and disruption of cancer stem 
cells; and anti-cancer agents include agents for inhibiting 
cancer recurrence, agents for inhibiting cancer metastasis, 
agents for postoperative adjuvant therapy, agents for treating 
drug-resistant cancer, agents for inhibiting cancer stem cell 
proliferation, and agents for disrupting cancer Stem cells. 
0050. Furthermore, the present invention provides: 
B1 a reagent for detecting the presence of one or more of the 
proteins of SEQIDNOs: 1 to 8 and/or polynucleotides encod 
ing the proteins, preferably, a reagent for detecting a cancer 
stem cell, a reagent for cancer diagnosis, a reagent for select 
ing a cancer patient, or a reagent for testing the effectiveness 
of the pharmaceutical compositions of 1 to 22, which 
contains at least one antibody that binds to a protein of SEQ 
ID NOs: 1 to 8, or a portion of a polynucleotide encoding the 
protein of SEQ ID NOs: 1 to 8 and/or the complementary 
strand thereof; 
B2 a method for detecting a cancer Stem cell, diagnosing 
cancer, selecting a cancer patient, or testing the effectiveness 
of the pharmaceutical compositions of 1 to 22, which 
comprises detecting the presence of one or more of the pro 
teins of SEQID NOs: 1 to 8 and/or polynucleotides encoding 
the proteins in a sample isolated from a cancer patient using, 
preferably, at least one antibody that binds to a protein of SEQ 
ID NOs: 1 to 8, or a portion of a polynucleotide encoding the 
protein of SEQ ID NOs: 1 to 8 and/or the complementary 
strand thereof; 
B3 a reagent for detecting the presence of one or more of the 
proteins of SEQIDNOs: 1 to 8 and/or polynucleotides encod 
ing the proteins, preferably at least one antibody that binds to 
a protein of SEQID NOs: 1 to 8, or a portion of a polynucle 
otide encoding the protein of SEQID NOs: 1 to 8 and/or the 
complementary strand thereof, which is for use in detecting a 
cancer stem cell, diagnosing cancer, selecting a cancer 
patient, or testing the effectiveness of pharmaceutical com 
positions of 1 to 22: 
B4 use of a reagent for detecting the presence of one or more 
of the proteins of SEQID NOs: 1 to 8 and/or polynucleotides 
encoding the proteins, preferably at least one antibody that 
binds to a protein of SEQID NOs: 1 to 8, or a portion of a 
polynucleotide encoding the protein of SEQID NOs: 1 to 8 
and/or the complementary strand thereof, which is for pro 
ducing a reagent for detecting a cancer stem cell, a reagent for 
diagnosing cancer, a reagent for selecting a cancer patient, or 
a reagent for testing the effectiveness of the pharmaceutical 
compositions of 1 to 22; and 
B5 a process for producing a reagent for detecting a cancer 
stem cell, a reagent for diagnosing cancer, a reagent for select 
ing a cancer patient, or a reagent for testing the effectiveness 
of the pharmaceutical compositions of 1 to 22, which 



US 2014/03025 11 A1 

comprises using a reagent for detecting the presence of one or 
more of the proteins of SEQID NOs: 1 to 8 and/or polynucle 
otides encoding the proteins, preferably at least one antibody 
that binds to a protein of SEQID NOs: 1 to 8, or a portion of 
a polynucleotide encoding the protein of SEQID NOs: 1 to 8 
and/or the complementary strand thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0051 FIG. 1 shows photographs depicting histological 
images (HE stain) of colorectal cancer xenografts PLR59 and 
PLR123 derived from moderately-differentiated colorectal 
cancer. Even after 15 passages, cells derived from Xenografts 
PLR59 and PLR123 formed tumors with a morphology (hier 
archical organization) very similar to the original tumor, and 
had budding clusters (arrow) and ductal structures with goblet 
cells (inset). “Original' indicates tumors obtained by surgical 
resection: “Early passage' indicates xenografts PLR59 and 
PLR123 after 4 passages in NOG mice; and “Late passage' 
indicates xenograft PLR59 after 15 passages and PLR123 
after 19 passages in MOG mice. Scale bar represents 100 um. 
0052 FIG. 2 is a diagram showing a result of flow cytom 
etry analysis of cells from xenografts PLR59 and PLR123 
passaged in NOG mice for known CSC markers. The cells 
were stained with antibodies against the markers indicated 
and then analyzed with flow cytometry. Gray area indicates 
the ALDH activity or fluorescence intensity of cells after 
staining with the indicated antibodies. White area indicates 
the ALDH activity in the presence of an ALDH inhibitor or 
the fluorescence intensity of cells after staining with isotype 
antibodies as a control. 
0053 FIG. 3 shows photographs depicting histological 
images (HE stain) of tumors formed by injection of 100 cells 
each of PLR59 and PLR123 cells. The morphologies of the 
tumors derived from 100 cells each of PLR59 and PLR123 
cells were highly similar to the original tumors. Arrows indi 
cate budding clusters. Scale bar represents 100 um. 
0054 FIG. 4 shows photographs depicting a result of 
phase contrast microscopic observation of non-adherent and 
adherent cells (PLR123 cells). The cells were cultured in 
serum-free media supplemented with EGF and FGF. The 
non-adherent cells closely interacted togetherto forma spher 
oid-like structure, whereas the adherent cells proliferated 
without forming cell clusters. Scale bar represents 25um. 
0055 FIG. 5 is a diagram showing the proliferation of 
non-adherent and adherent CSCs (PLR123 cells). The viable 
cell count after three days of culture (black column) is shown 
in percentage to the count on day 0 (white column). The 
results were averaged from three experiments. The bar at the 
top of each column represents standard deviation. 
0056 FIG. 6 is a diagram showing a result of flow cytom 
etry analysis of non-adherent cells and adherent cells 
(PLR123 cells) for known CSC markers. Both types of cells 
were positive for known CSC markers such as CD133, CD44, 
EpCAM, CD166, CD24, CD26, and CD29, while the adher 
ent cells alone were positive for Lgr5 and ALDH activity. 
Gray area indicates the ALDH activity or fluorescence inten 
sity of cells after staining with the indicated antibodies. White 
area indicates the ALDH activity in the presence of an ALDH 
inhibitor or the fluorescence intensity of cells after staining 
with isotype antibodies as a control. 
0057 FIG. 7 is a photograph showing a result of Western 
blot analysis of primary cells of PLR123 cells, non-adherent 
CSCs, and adherent CSCs for B-catenin, TCF1, TCF3, TCF4, 
and phosphorylated c-JUN protein. Expression of all of the 
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proteins was up-regulated in Lgr5-positive adherent CSCs as 
compared to the primary cells. GAPDH was also visualized 
as a reference protein for protein loading. 
0.058 FIG. 8 is a diagram showing the inhibition of growth 
of LgrS-positive adherent CSCs (PLR123 cells) by FH535 
(50 uM) and Cardamonin (50 uM). The viable cell count after 
three days of culture in the presence of FH535 (gray column) 
or Cardamonin (black column) is shown in percentage to the 
count in the presence of DMSO alone (white column). The 
results were averaged from three experiments. The bar at the 
top of each column represents standard deviation. 
0059 FIG. 9 is a diagram showing the proliferation of 
PLR123 cells in the presence or absence of EGF and FGF. 
Adherent CSCs were cultured for three days in the presence 
or absence of EGF and FGF (black column). The viable cell 
count is shown in percentage to the count on day 0 (white 
column). The results were averaged from three experiments. 
The bar at the top of each column represents standard devia 
tion. 

0060 FIG. 10 is a diagram showing the effect of chemo 
therapeutic agents on the proliferation of Lgr5-positive 
adherent CSCs and Lgr5-negative non-adherent CSCs 
(PLR123 cells). The viable cell count after treatment with 
5-FU (10 g/ml, gray column) or irinotecan (10 g/ml, black 
column) is shown in percentage to the viable cell count after 
culturing without the chemotherapeutic agents (white col 
umn). The results were averaged from three experiments. The 
bar at the top of each column represents standard deviation. 
0061 FIG. 11 is a diagram showing a change in LgrS 
expression after treatment of adherent CSCs (PLR123 cells) 
with a chemotherapeutic agent. This figure shows a result of 
flow cytometry. The upper panels show the result in the 
absence of chemotherapeutic agent (control); the middle pan 
els show cells treated with 5-FU; and the bottom panels show 
cells treated with irinotecan. Gray area indicates the ALDH 
activity or fluorescence intensity of cells after staining with 
the indicated antibodies. White area indicates the ALDH 
activity in the presence of an ALDH inhibitor or the fluores 
cence intensity of cells after staining with isotype antibodies 
as a control. 

0062 FIG. 12 is a diagram showing Lgr5 mRNA levels in 
PLR123 cells before and after switching to adherent culture 
or suspension culture (normalized to 1). F-> A represents the 
Switching from Suspension culture to adherent culture, while 
A->F represents the switching from adherent culture to sus 
pension culture. The results were averaged from three experi 
ments. The bar at the top of each column represents standard 
deviation. 

0063 FIG. 13 shows photographs depicting a result of 
Western blot analysis of LgrS-negative non-adherent CSCs 
and LgrS-positive adherent CSCs (PLR123 cells) for E-cad 
herin and Snail. Non-adherent CSCs expressed E-cadherin at 
a high level, while adherent CSCs expressed Snail at a high 
level. GADPH was used as a loading control. 
0064 FIG. 14 shows photographs depicting a result of 
immunocytochemistry of Lgrš-negative non-adherent CSCs 
and LgrS-positive adherent CSCs (PLR123 cells) using 
E-cadherin antibody, Snail antibody, and B-catenin antibody. 
Non-adherent CSCs were epithelium-like cells expressing 
cell-surface E-cadherin and B-catenin at high levels, while 
adherent CSCs were mesenchyme-like cells with nuclear 
localization of Snail and B-catenin. Scale bar represents 25 
lm. 
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0065 FIG. 15 shows photographs depicting a result of 
immunohistochemistry of PLR123-derived xenograft tissues 
using anti-Lgrš antibody and anti-Snail antibody. The con 
comitant expression of nuclear Snail and cytoplasmic Lgrš 
was detected in EMT-like cells of budding areas (left panel), 
while Such expression was not observed in the ducts (right 
panel). Arrows indicate Lgr5-positive budding cells. Scale 
bar represents 10 um. 
0066 FIG. 16 shows photographs depicting histopatho 
logical features of Xenograft tissues. Histopathological 
PDCC Xenografts derived from a poorly-differentiated col 
orectal cancer (PDCC) xenograft reconstructed almost the 
same histopathological morphology as the original tumor. 
The PDCC Xenografts did not have apparent epithelial duct 
structures (4 and 13 passages). Scale bar represents 100 um. 
0067 FIG. 17 shows photographs depicting a histopatho 
logical result on Xenograft tumors that originated from a 
single or ten Lgr5-positive cells derived from PLR123, or ten 
Lgrš-negative cells derived from PLR123. The hierarchical 
organization was observed in all tumors, and their histopatho 
logical features were highly similar to the original tumor. 
Scale bar represents 100 um. 
0068 FIG. 18 shows photographs depicting a result of 
phase contrast microscopic observation of non-adherent and 
adherent large intestine CSCs (PLR59 cells). The cells were 
cultured in serum-free media supplemented with EGF and 
FGF. The non-adherent cells closely interacted together to 
form a spheroid-like structure, whereas the adherent cells 
proliferated without forming cell clusters. Scale bar repre 
sents 25um. 
0069 FIG. 19 is a diagram showing the proliferation of 
non-adherent and adherent CSCs (PLR59 cells). The viable 
cell count after three days of culture (black column) is shown 
in percentage to the count on day 0 (white column). The 
results were averaged from three experiments. The bar at the 
top of each column represents standard deviation. 
0070 FIG.20 is a diagram showing a result of flow cytom 
etry analysis of non-adherent and adherent cells (PLR59 
cells) for known CSC markers. Adherent cells were positive 
for all markers reported, whereas non-adherent cells were 
negative for Lgr5 and ALDH. Gray area indicates the ALDH 
activity or fluorescence intensity of cells after staining with 
the indicated antibodies. White area indicates the ALDH 
activity in the presence of an ALDH inhibitor or the fluores 
cence intensity of cells after staining with isotype antibodies 
as a control. 

0071 FIG. 21 shows photographs depicting a result of 
Western blot analysis of primary cells of PLR59 cells, non 
adherent CSCs, and adherent CSCs for B-catenin, TCF1, 
TCF3, TCF4, and phosphorylated c-JUN protein. Expression 
of all of the proteins was up-regulated in Lgrš-positive adher 
ent CSCs as compared to the primary cells. GAPDH was also 
visualized as a reference for protein loading. 
0072 FIG. 22 is a diagram showing growth inhibition of 
Lgr5-positive adherent CSCs (PLR59 cells) by FH535 (50 
um) and Cardamonin (50 um). The viable cell count after 
three days of culture in the presence of FH535 (gray column) 
or Cardamonin (black column) is shown in percentage to the 
count on day 0 (white column). 
0073 FIG. 23 is a diagram showing the proliferation of 
PLR59 cells in the presence or absence of EGF and FGF. 
Adherent CSCs were cultured for three days in the presence 
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or absence of EGF and FGF (black column). The viable cell 
count is shown in percentage to the count on day 0 (white 
column). 
(0074 FIG. 24 is a diagram showing the effect of 5-FU (10 
ug/ml) and irinotecan (10 g/ml) on the growth of Lgr5 
positive adherent CSCs and Lgrš-negative non-adherent 
CSCs (PLR59 cells). The viable cell count after treatment 
with 5-FU (gray column) or irinotecan (black column) is 
shown in percentage to that after culturing without the agents 
(white column). 
0075 FIG.25 is a diagram showing a result of flow cytom 
etry analysis of adherent CSCs (PLR59 cells) for CSC mark 
ers after treatment with 5-FU or irinotecan. The upper panels 
show cells treated with 5-FU, and the bottom panels show 
cells treated with irinotecan. Gray area indicates the ALDH 
activity or fluorescence intensity of cells after staining with 
the indicated antibodies. White area indicates the ALDH 
activity in the presence of an ALDH inhibitor or the fluores 
cence intensity of cells after staining with isotype antibodies 
as a control. 
0076 FIG. 26 shows photographs depicting a result of 
Western blot analysis of LgrS-negative non-adherent CSCs 
and LgrS-positive adherent CSCs (PLR59 cells) for E-cad 
herin and Snail. Non-adherent CSCs expressed E-cadherin at 
a high level and adherent CSCs expressed Snail at a high 
level. GADPH was used as a loading control. 
0077 FIG. 27 is a diagram showing the expression levels 
of LgrS mRNA in Lgr5-negative non-adherent CSCs and 
Lgr5-positive CSCs (PLR59 cells). Levels of LgrS mRNA in 
adherent and non-adherent CSCs are shown as a ratio to the 
levels in primary cells from xenograft tumors PLR59 and 
PLR123. The level of Lgr5 mRNA in adherent CSCs (right, 
white column) was remarkably increased as compared to the 
level in the primary cells from xenografts (left, black col 
umn), while the level was not increased in non-adherent CSCs 
(middle, gray column). Lgr5 mRNA levels were determined 
by quantitative PCR and normalization with the expression of 
GAPDH and ACTB. All experiments were performed in trip 
licate. Error bars represent standard deviation. 
0078 FIG. 28 shows photographs depicting a result of 
specificity assessment of anti-human Lgrš monoclonal anti 
bodies (mAbs) 2U2E-2 and 2T15E-2 by immunofluores 
cence microscopy observation of DG44 cells transfected with 
Lgra, LgriS, or Lgró cDNA. The transfectants and non-trans 
fected parental cells were fixed and treated with 5 lug/ml 
antibodies. Intense fluorescence (green signals at right) was 
observed in cells containing LgrS cDNA but not in parental 
cells and cells containing Lgrá or Lgró clNA. Scale bar 
represents 5um. 
007.9 FIG. 29 is a diagram showing a result of specificity 
assessment of anti-human Lgrš monoclonal antibody (mAb) 
2T15E-2 by flow cytometry of DG44 cells transfected with 
Lgra, LgriS, or Lgró cDNA. The transfectants and non-trans 
fected parental cells were incubated with monoclonal anti 
body 2T15E-2 and analyzed by FACS. Antibody 2T15E-2 
reacted with cells containing Lgr5 cDNA but not with paren 
tal cell and cells containing Lgra or Lgró cDNA. The expres 
sion of Lgra, Lgr5, and Lgró in the transfectants was assessed 
by Western blot analysis. 
0080 FIG.30 is a diagram showing a result of flow cytom 
etry analysis of adherent CSCs derived from xenografts 
PLR59 and PLR123. The cells were cultured for one month 
and analyzed for known cancer stem cell markers. Even after 
one month of in vitro culture, adherent CSCs derived from 
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PLR59 and PLR123 were positive for all of known cancer 
stem cell markers. Gray area indicates the ALDH activity or 
fluorescence intensity of cells after staining with the indicated 
antibodies. White area indicates the treatment of cells by the 
ALDH activity in the presence of an ALDH inhibitor or the 
fluorescence intensity of cells after staining with isotype anti 
bodies as a control. 

0081 FIG. 31 After culturing for one month, adherent 
CSCs derived from xenografts PLR59 and PLR123 were 
analyzed by flow cytometry (FIG. 30), and injected to NOG 
mice. The indicated numbers of adherent CSCs were injected 
subcutaneously in the lateral abdomen ofNOG mice to assess 
the tumor-initiating activity in NOG mice. This figure is a 
diagram showing the result of assessment of tumorigenesis 47 
days after inoculation. Even subcutaneous injection of 10 
adherent CSCs allowed tumor formation at all of the injection 
sites. The tumors were highly similar in histopathological 
morphology to the original tumors. 
0082 FIG. 32 shows photographs depicting the pheno 
typic interconversion of large intestine CSCs depending on 
the culture condition or chemotherapeutic treatment. Lgr5 
positive CSCs were tested for the sensitivity to 5-FU and 
irinotecan. Both 5-FU and irinotecan significantly inhibited 
the proliferation of Lgr5-positive large intestine CSCs. After 
three days of exposure to the 5-FU or irinotecan, cells resis 
tant to the chemotherapeutic drugs arose. The drug-resistant 
cells exhibited a dense, agglutinative morphology. Scale bar 
represents 25um. 
0083 FIG. 33 shows photographs depicting the morpho 
logical interconversion of CSCs. When LgrS-negative large 
intestine CSCs were dispersed and then cultured in a flat 
bottomed plate, some of the cells adhered to the plate bottom, 
became positive for Lgr5, and showed a mesenchymal cell 
like morphology (at left). On the other hand, when LgrS 
positive adherent large intestine CSCs were cultured in an 
ultra-low adherent plate, some of the cells halted their growth 
and formed a spheroid-like structure. Scale bar represents 10 
lm. 

0084 FIG. 34 is a diagram showing the tumor-initiating 
activity of adherent CSCs in various organs. 5x10 adherent 
CSCs from PLR123 were injected to the tail vein (n=5). The 
tumor formation frequency on day 40 after administration is 
shown for various organs. 
0085 FIG. 35 shows photographs depicting a result of 
histopathological experiments on tumors in the lungs, liver, 
lymph nodes, and Subcutaneous tissues. In the lungs, tumor 
cells formed undifferentiated tumor foci. Meanwhile, in the 
liver and other organs, tumor cells formed a ductal structure 
involving multiple differentiation stages. Scale bar represents 
100 um. 
I0086 FIG. 36 is a schematic diagram for the proposed 
CSC model. CSCs undergo an intrinsic interconversion 
between two types of independent states in response to envi 
ronmental changes such as the presence of anti-cancer drugs. 
According to previous findings, normal stem cells expressing 
Lgr5 are assumed to transform into CSCs via mutation in 
multiple genes. High proliferative CSCs express Lgr5, and 
undergo EMT. Under a specific stressful environment, the 
cells can change into the Lgr5-negative quiescent state. Niche 
environment is involved in stimulating the transition of CSCs 
to the differentiation stage. 
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I0087 FIG. 37 is a diagram showing a result of flow cyto 
metric analysis of primary cells from PLR59 and PLR123, 
LgriS' cancer stem cells, and LgriS cancer stem cells with 
EREG. 
I0088 FIG.38 shows graphs depicting the ADCC activity 
of anti-EREG antibody against Lgr5-positive and Lgrš-nega 
tive cells derived from PLR59 and LgrS-positive and LgrS 
negative cells derived from PLR123 cells. 
I0089 FIG. 39 shows photographs depicting immunostain 
ing of tumor (PLR123) obtained by surgical resection, and a 
PLR123-derived xenograft model (5 passages (FIG. 39B), 10 
passages (FIG. 39C), and 15 passages (FIG.39D)) in terms of 
Lgr5. Tissue sections were stained with anti-Lgrš antibody. 
“Original indicates the tumor obtained from a patient by 
surgical resection (FIG. 39A). Scale bar represents 25um. 
0090 FIG. 40 shows photographs depicting a histopatho 
logical result (HE stain) on xenograft tumors derived from 
Lgr5-positive cells of PLR59 (FIGS. 40A and 40B) and 
PLR123 (FIGS. 40C and 40D). NOG mice were subcutane 
ously injected with ten (FIGS. 40A and 40C) or a single 
(FIGS. 40B and 40D) Lgr5-positive cell(s) obtained from 
PLR59 or PLR123 by adherent culture. All tumors showed 
histopathological features highly similar to the original 
tumors. Scale bar represents 50 lum. 
0091 FIG. 41 shows photographs depicting symmetrical 
cell division of LgrS-positive cells. Lgr5-positive cells 
stained with PKH67 dye were cultured for 72 hours, and then 
observed under a fluorescent microscope. FIG. 41A, B, and C 
show stained images of the cells for 0, 48, and 72 hours, 
respectively. Scale bar represents 20 um. 
0092 FIG. 42 shows photographs depicting symmetrical 
cell division of LgrS-positive cells in the absence of matrigel 
and serum (FIGS. 42A and 42B), and asymmetrical cell divi 
sion of Lgrš-positive cells in the presence of matrigel and 
serum (FIGS. 42C and 42D). FIGS. 42A and 42C show 
images after a single division, while FIGS. 42B and 42D show 
images after second or third division. 
0093 FIG. 43-1 shows photographs depicting immun 
ostained images of colon CSCs that varied to negative for 
LgriS after three days of exposure to irinotecan. The cells were 
stained with antibodies specific to HLA-DMA (A) and 
TMEM173 (B). 
0094 FIG. 43-2 shows photographs depicting immun 
ostained images of colon CSCs that varied to negative for 
LgriS after three days of exposure to irinotecan. The cells were 
stained with antibodies specific to ZMAT3 (C) and GPR110 
(D). 
0.095 FIG. 44 shows photographs depicting immun 
ostained images of irinotecan-treated Lgrš-positive CSCs 
(PLR123). The cells were immunostained for Lgr5. The 
immunostained images include those before irinotecan treat 
ment (FIG. 44A) and after irinotecan treatment (FIG. 44B). 
From Lgr5-negative cells inoculated again and cultured in the 
absence of irinotecan, Lgr5-positive cells appeared at the 
latest by four days after reinoculation (FIG. 44C), and 
expanded by eight days after reinoculation (FIG. 44D). Scale 
bar represents 50 lum. 
0096 FIG. 45 shows graphs depicting transcript levels for 
the Lgr5 gene determined by quantitative real-time PCR. The 
level of LgrS mRNA was high in Lgr5-positive cells prepared 
by adherent culture. The level was decreased under the spher 
oid culture condition and was almost undetectable in Lgr 
negative cells after irinotecan treatment. Meanwhile, in Lgr5 
positive and -negative cells prepared by adherent culture, the 
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mRNA level for the CK20 gene was below the detection limit. 
The level was increased in LgrS-positive cells of the spheroid 
culture condition. 
0097 FIG. 46 shows photographs depicting the expres 
sion of Lgr5 and CK20 proteins assessed by immunohis 
tochemical staining. Spheroid cultures of Lgr5-positive CSCs 
(PLR59 (FIG. 46A) and PLR123 (FIG. 46B)) were fixed and 
sliced into thin sections and then reacted with LgrSantibody 
(2L36) and CK20 antibody (DAKO). The spheroids con 
tained a small number of Lgr5-positive cells as well as a large 
number of CK20-positive cells that were negative for Lgr5. 
0098 FIG. 47 shows graphs depicting the percentage of 
viable cells, relative to non-treated control cells, of LgrS 
positive (black line) and -negative (gray line) CSCs (PLR59 
and PLR123) cultured for three days in the absence or pres 
ence ofirinotecan or 5-FU at each concentration indicated on 
the horizontal axis. Lgr5-negative cells were fully resistant to 
both growth inhibitors. 
0099 FIG. 48 is a diagram showing the expression of CSC 
markers. “Before treatment indicates the expression of CSC 
markers in Lgr5-positive cells prepared by an adherent cul 
ture, which are derived from a PLR123 xenograft model. 
After irinotecan treatment indicates the expression of CSC 
markers in Lgr5-negative cells prepared via irinotecan treat 
ment. "Re-inoculation after irinotecan removal indicates the 
expression of CSC markers in Lgr5-negative cells re-inocu 
lated to an irinotecan-free medium. Gray area indicates the 
ALDH activity or fluorescence intensity of cells after staining 
with the indicated antibodies. White area indicates the ALDH 
activity in the presence of an ALDH inhibitor. 
0100 FIG. 49 is a diagram showing interconversion 
between Lgrš-positive and -negative cells. Lgr5-positive 
cells were collected by FACS. After limiting dilution, the 
cells were inoculated and cultured for three days in the pres 
ence ofirinotecan under adherent culture conditions. On the 
other hand, irinotecan-treated Lgrš-negative cells were 
diluted by limiting dilution, and then inoculated and cultured 
for four days in the absence of irinotecan under adherent 
culture conditions. Lgr5 expression was visualized with PE 
labeled anti-mouse IgG antibody (indicated in red) or Alex 
aFluo 488-labeled anti-mouse IgG antibody (indicated in 
green). 
0101 FIG.50 shows diagrams depicting heat maps for(A) 
seven genes the expression of which was significantly up 
regulated in Lgrš-negative cells as compared to Lgr5-positive 
cells and for (B) 20 genes the expression levels of which were 
elevated in Lgrš-positive and Lgrš-negative cells as com 
pared to primary cells derived from xenograft animals. RNAs 
were prepared from LgrS-positive and -negative CSCs 
derived from PLR59 and PLR123, and primary cells isolated 
from Xenograft animals. RNAS were analyzed using Affyme 
trix U133. 
0102 FIG.51 shows photographs depicting the binding of 
anti-HLA-DMA antibody and anti-EREG antibody to LgrS 
positive and Lgr5-negative CSCs with immunohistochemical 
staining. CSCs (PLR123) were fixed and treated with anti 
HLA-DMA antibody (Dako) and anti-EREG antibody 
(EP27). Intense fluorescence signals (red for both HLA 
DMA and EREG) were observed on LgrS-negative cells 
treated with anti-HLA-DMA antibody, whereas weak fluo 
rescence (green) or no fluorescence was detected on Lgr5 
positive cells. Fluorescence signals were detected on both 
Lgrš-negative and -positive cells treated with anti-EREG 
antibody. 
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0103 FIG. 52 shows photographs depicting the transition 
from LgrS-negative CSCs to Lgr5-positive CSCs at an early 
stage of tumor formation. In NOG mice injected with 
PLR123 xenograft animal-derived Lgr5-negative CSCs, 
tumors derived from Lgr5-negative CSCs were stained with 
antibodies against Lgrš (green), HLA-DMA (red), and 
EREG (green). Lgr5-weakly-expressing, HLA-DMA-posi 
tive, EREG-positive cells, and Lgr5-positive, HLA-DMA 
negative, EREG-positive cells were observed to be present on 
day 5. Scale bar represents 10 um. 
0104 FIG. 53 shows photographs depicting the reconsti 
tution of tumor hierarchy from Lgr5-negative CSCs. The 
tissue structure (FIG. 53A) is shown along with an image 
obtained by immunofluorescence microscopic observation 
using anti-Lgr5 antibody and anti-E-cadherin antibody (FIG. 
53B). Green and red indicate the presence of LgrS and E-cad 
herin, respectively. Scale bar represents 50 lum. 
0105 FIG. 54 shows photographs depicting histopathol 
ogy (HE) (first row), immunostaining using LgriS antibody 
(green) and E-cadherin antibody (red) (second row), immu 
nostaining using Lgr5 antibody (green) and HLA-DMA anti 
body (red) (third row), and immunostaining using EREG 
antibody (red) (fourth row), of tumors after irinotecan treat 
ment. Mice bearing tumors derived from Lgr5-positive CSCs 
(PLR123) were treated withirinotecan, and their tumors were 
observed. Irinotecan or vehicle was administered to mice at 
days 12, 15, and 18 after tumor grafting. Scale bar represents 
25um. 
0106 FIG.55 Irinotecan was administeredata dose of 120 
mg/kg/day to NOG mice at days 12, 15, and 18 after grafting 
tumors derived from Lgr5-positive CSCs (PLR123). This 
figure is a graph showing tumor Volumes in control mice 
administered with vehicle (closed diamond) and mice admin 
istered with irinotecan (closed square or triangle). Each value 
represents mean+standard deviation. 
0107 FIG. 56 is a graph showing the numbers of Lgr5 
positive and HLA-DMA-positive cells in xenograft tumor 
tissues. Thin sections of tissues were treated with LgrS anti 
body and HLA-DMA antibody, and then the numbers of 
Lgrš-positive and HLA-DMA-positive cells were measured. 
Values represent the total numbers of cells counted for 
respective groups (n-3). 
0.108 FIG. 57 is a graph showing the anti-tumor effect of 
EREG antibody after irinotecan treatment. PLR123-derived 
Lgrš-positive cells were injected to the peritoneal cavities of 
SCID mice, and irinotecan was administered at a dose of 100 
mg/kg/day at days 6, 10, and 13 after injection of Lgr5 
positive cells. Then, EREG antibody was administered at a 
dose of 10 mg/kg/day 17 and 24 days after injection of Lgr5 
positive cells. Each value represents meantstandard devia 
tion (n=4). 
0109 FIG. 58 shows photographs and diagrams depicting 
the anti-tumor effect of EREGantibody. In FIG.58A, the first 
row shows histological staining (HE) of tumors from 
Xenograft models prepared by intravenously injecting 
PLR123-derived LgrS-positive cells to NOG mice, and the 
second row shows immunohistochemical staining using 
EREG antibody. Arrows in the panels indicate EREG-ex 
pressing cells at nodules (second row) and corresponding HE 
stain images (first row). FIGS. 58B and 58C show the number 
of tumors formed in the lungs of SCID-beige mice intrave 
nously injected with LgrS-positive cells derived from 
PLR123 xenograft models. In the EREG antibody adminis 
tration group, EREG antibody was administered once a week 
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for five times from three days after injection of Lgr5-positive 
cells. The number of tumor nodules per animal, found on lung 
thin sections, are shown in FIG. 58B. Each symbol (circle) 
indicates the number of tumor nodules in an animal in a group 
tested (FIG. 58B). The number of tumor nodules categorized 
by size in the antibody administration group and control 
group are shown in FIG.58C. White columns indicate tumors 
that are Smaller than 100 um; gray columns indicate tumors of 
100 to 200 um; and black columns indicate tumors larger than 
200 um (FIG. 58C). Tissue staining (HE stain) of tumors in 
the EREG antibody administration and non-administration 
groups is shown in FIG. 58D. Scale bar represents 200 um. 
0110 FIG. 59 shows photographs depicting the same tis 
Sue Sections from primary and liver metastatic colorectal 
cancers isolated from patients, which were stained with HE 
(second and fourth rows), and antibodies against Lgrš 
(green), HLA-DMA (red), and EREG (green) (first and third 
rows). Positivity for LgrS indicates proliferating CSCs, while 
positivity for EREG and HLA-DMA implies Lgr5-negative 
quiescent CSCs. Both LgrS-negative and -positive CSCs 
were detected in ductal structures and budding areas of pri 
mary and liver metastatic tumors. Lgr5-positive CSCs were 
also found as single cells in Stromal regions. The same stain 
ing patterns were also observed in multiple tumor tissues 
isolated from different patients. Arrows indicate CSCs. Scale 
bar represents 10 um. 
0111 FIG. 60 is a diagram showing the anti-tumor effect 
of anti-CD70 antibody on irinotecan non-treated CSCs. The 
horizontal and vertical axes indicate the antibody concentra 
tion and % inhibition of cell growth by anti-CD70 antibody, 
respectively. 
0112 FIG. 61 is a diagram showing the anti-tumor effect 
of anti-EDAR antibody on irinotecan non-treated CSCs. The 
horizontal and vertical axes indicate the antibody concentra 
tion and % inhibition of cell growth by anti-EDAR antibody, 
respectively. 
0113 FIG. 62 is a diagram showing the anti-tumor effect 
of anti-FAS antibody on irinotecan non-treated CSCs. The 
horizontal and vertical axes indicate the antibody concentra 
tion and % inhibition of cell growth by anti-FAS antibody, 
respectively. 
0114 FIG. 63 is a diagram showing the anti-tumor effect 
of anti-PVRL4 antibody on irinotecan non-treated CSCs. The 
horizontal and vertical axes indicate the antibody concentra 
tion and% inhibition of cell growth by anti-PVRL4 antibody, 
respectively. 
0115 FIG. 64 is a diagram showing the anti-tumor effect 
of anti-TNFSF9 antibody on irinotecan non-treated CSCs. 
The horizontal and vertical axes indicate the antibody con 
centration and % inhibition of cell growth by anti-TNFSF9 
antibody, respectively. 
0116 FIG. 65 is a diagram showing the anti-tumor effect 
of anti-PROCR antibody on irinotecan non-treated CSCs. 
The horizontal and vertical axes indicate the antibody con 
centration and % inhibition of cell growth by anti-PROCR 
antibody, respectively. 
0117 FIG. 66 is a diagram showing the anti-tumor effect 
of anti-EPCAM antibody on irinotecan non-treated CSCs. 
The horizontal and vertical axes indicate the antibody con 
centration and % inhibition of cell growth by anti-EPCAM 
antibody, respectively. 
0118 FIG. 67 is a diagram showing the anti-tumor effect 
of anti-FAS antibody on irinotecan treated CSCs. The hori 
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Zontal and vertical axes indicate the antibody concentration 
and % inhibition of cell growth by anti-FAS antibody, respec 
tively. 
0119 FIG. 68 is a diagram showing the anti-tumor effect 
of anti-PROM2 antibody on irinotecan treated CSCs. The 
horizontal and vertical axes indicate the antibody concentra 
tion and% inhibition of cell growth by anti-PROM2 antibody, 
respectively. 
I0120 FIG. 69 is a diagram showing the anti-tumor effect 
of anti-PVRL4 antibody on irinotecan treated CSCs. The 
horizontal and vertical axes indicate the antibody concentra 
tion and% inhibition of cell growth by anti-PVRL4 antibody, 
respectively. 
I0121 FIG. 70 is a diagram showing the anti-tumor effect 
of anti-TNFSF9 antibody on irinotecan treated CSCs. The 
horizontal and vertical axes indicate the antibody concentra 
tion and % inhibition of cell growth by anti-TNFSF9 anti 
body, respectively. 
0.122 FIG. 71 is a diagram showing the anti-tumor effect 
of anti-PROCR antibody on irinotecan treated CSCs. The 
horizontal and vertical axes indicate the antibody concentra 
tion and% inhibition of cell growth by anti-PROCR antibody, 
respectively. 
I0123 FIG. 72 is a diagram showing the anti-tumor effect 
of anti-EPCAM antibody on irinotecan treated CSCs. The 
horizontal and vertical axes indicate the antibody concentra 
tion and % inhibition of cell growth by anti-EPCAM anti 
body, respectively. 
0.124 FIG. 73 is a diagram showing the expression levels 
of differentiation marker CK20 in CSCs cultured in the pres 
ence of BMP4. FIGS. 73A and 73B show the expression 
levels of CK20 in PLR59 and PLR123, respectively. 

MODE FOR CARRYING OUT THE INVENTION 

0.125. The present invention relates to cell surface mol 
ecules that are specifically expressed on cancer stem cells, 
and pharmaceutical compositions (anti-cancer agents, etc.) 
and reagents for detecting cancer stem cells, which use anti 
bodies against the cell Surface molecules. 
0.126 Herein, "cancer refers to the physiological condi 
tion in mammals, which is typically characterized by unregu 
lated cell growth, or such a physiological condition. Herein, 
cancer types are not particularly limited, and include those 
listed below. Carcinomas (epithelial cancers) include pancre 
atic cancer, prostatic cancer, breast cancer, skin cancer, can 
cers of the digestive tract, lung cancer, hepatocellular carci 
noma, cervical cancer, uterine cancer, ovary cancer, fallopian 
tube cancer, vaginal cancer, liver cancer, bile duct cancer, 
bladder cancer, ureter cancer, thyroid cancer, adrenal cancer, 
kidney cancer, and cancers of other glandular tissues. Sarco 
mas (non-epithelial tumors) include liposarcoma, leiomyosa 
rcoma, rhabdomyosarcoma, synovial sarcoma, angiosar 
coma, fibrosarcoma, malignant peripheral nerve sheath 
tumor, gastrointestinal stromal tumor, desmoid tumor, 
Ewing's sarcoma, osteosarcoma, chondrosarcoma, leukemia, 
lymphoma, myeloma, tumors of other parenchymal organs, 
for example, melanoma and brain tumor (Kumar V, Abbas A 
K. Fausio N. Robbins and Cotran Pathologic Basis of Dis 
ease. 7th Ed. Unit I: General Pathology, 7: Neoplasia, Biology 
of tumor growth: Benign and malignant neoplasms. 269-342, 
2005). 



US 2014/03025 11 A1 

0127 Herein, “tumor refers to arbitrary benign (non-can 
cerous) and malignant (cancerous) tissue masses, including 
pre-cancerous lesions, which result from overgrowth or over 
expansion of cells. 
0128. Herein, cancer stem cell (CSC) refers to cells having 
the abilities described in (i) and/or (ii) below. 
(i) The ability to self-renew. The self-renewal ability refers to 
the ability of either or both of the divided daughter cells to 
produce cells which maintain the same capacity and the 
degree of differentiation as the parental cell in terms of cell 
lineage. 
(ii) The ability to differentiate into various types of cancer 
cells that constitute a cancer cell mass. Like normal stem 
cells, various types of cancer cells differentiated from cancer 
stem cells generate a hierarchical organization with cancer 
stem cells at the top in terms of cell lineage. Various types of 
cancer cells are generated in a sequential manner from cancer 
stem cells. This results in the formation of a cancer cell mass 
that exhibits a variety of features. 
0129 Cancer stem cell refers to a cancer cell that has the 
ability to form cancers as well as, like normal stem cell, 
pluripotency and self-renewal ability. Cancer stem cells gen 
erate a hierarchical organization with cancer stem cells at the 
top. Various types of cancer cells are generated in a sequential 
manner from cancer stem cells. This results in the formation 
of a cancer cell mass that exhibits a variety of features. Cancer 
cell mass refers to, not a group of individual cells, but a mass 
formed by the adhesion of cells etc. as in human tumor tissue, 
which is built with cancer cells, and other cells such as stro 
mal cells and blood cells, extracellular matrix Such as col 
lagen and laminin, and so on. 
0130. The origin of cancer stem cells, which are the target 
in therapy using pharmaceutical compositions of the present 
invention, is not particularly limited; it is possible to use 
cancer stem cells derived from mammals such as humans, 
monkeys, chimpanzees, dogs, bovines, pigs, rabbits, rats, and 
mice. However, cancer stem cells derived from humans are 
preferred, and those derived from human tumor tissues are 
more preferred. 
0131 Cancer stem cells to be detected using the present 
invention are preferably those which reconstitute the hierar 
chical structure of cancer tissues. For example, cancer cell 
lines are prepared by grafting cancer tissues from which the 
detected cancer stem cells have been collected, into, prefer 
ably, nonhuman animals, and passaging them in Such ani 
mals, and one can test whether the established cancer cell 
lines reconstitute the hierarchical structure of the cancertis 
sues. One cantest whether the hierarchical structure of cancer 
tissues is reproduced by NOG-established cancer cell lines 
prepared by grafting and passaging cancer tissues in nonhu 
man animals, more preferably immunodeficient animals, and 
still more preferably NOG mice which lack functional T cells, 
B cells, and natural killer cells. 
0132 Alternatively, cancer stem cells to be detected using 
the present invention can be a spheroid (cell mass) formed by 
spheroid culture. “Spheroid culture” means that cancer stem 
cells are inoculated in a culture vessel Such as non-adherent or 
low-adherent cell culture flasks, plates, or dishes using a 
medium capable of culturing cancer stem cells, and then the 
cells are cultured under a three-dimensionally floating con 
dition. A cell mass formed by this method is called “spher 
oid. 
0133) NOG-established cancer cell lines can be generated 
by a method known to those skilled in the art, for example, the 
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method described in Fujii E. et al., Pathol int. 2008: 58: 
559-567. Human colorectal cancer, stomach cancer, lung can 
cer, breast cancer, pancreatic cancer, or the like is resected 
Surgically. After mechanically mincing it with Scissors, the 
cancer is grafted Subcutaneously in NOG mice and passaged 
to establish cell lines. Even after passages. NOG-established 
cancer cell lines maintain the properties of the original human 
cancer tissues. 

I0134. In the present invention, cancer stem cells can be 
selected by using cell markers. Cell markers used in the 
present invention include, for example, leucine-rich repeat 
containing G-protein-coupled receptor 5 (Lgr5), CD133, 
CD44, EpCAM, CD166, CD24, CD26, and CD29. 
0.135 The present invention relates to molecules 
expressed in cancer stem cells that are positive for the expres 
sion of the cell marker Lgr5, and are adherent and highly 
proliferative under serum-free culture conditions. Hereinaf 
ter, Such cancer stem cells are also referred to as “high pro 
liferative Lgr5-positive cancer stem cells”. 
0.136 The present invention also relates to molecules 
expressed in cancer stem cells that are negative for the expres 
sion of the cell marker Lgr5, and non-adherent and poorly 
proliferative under serum-free culture conditions. Hereinaf 
ter, such cancer stem cells are also referred to as “low prolif 
erative Lgrš-negative cancer stem cells'. 
0.137 Any culture media or liquids can be used to culture 
cancer stem cells of the present invention as long as they are 
serum-free media and capable of culturing cancer stem cells. 
There is no particular limitation on the culture media or 
liquids. For example, it is possible to use conventional basal 
media or mixtures thereof that are supplemented with EGF, 
bFGF, h IF, HGF, NGF, NSF-1, TGF B, TNFC, heparin, 
BSA, insulin, transferrin, putrescine, selenite, progesterone, 
hydrocortisone, D-(+)-glucose, sodium bicarbonate, HEPES, 
L-glutamine, or N-acetylcysteine. The concentration of EGF 
is not particularly limited; however, it ranges from 0.1 to 100 
ng/ml, preferably from 0.5 to 50 ng/ml, and more preferably 
from 1 to 20 ng/ml. The concentration of bFGF is not particu 
larly limited; however, it ranges from 0.1 to 100 ng/ml, pref 
erably from 0.5 to 50 ng/ml, and more preferably from 1 to 20 
ng/ml. The concentration of hLIF is not particularly limited; 
however, it ranges from 0.1 to 100 ng/ml, preferably from 0.5 
to 50 ng/ml, and more preferably from 1 to 20 ng/ml. The 
concentration of HGF is not particularly limited; however, it 
ranges from 0.1 to 100 ng/ml, preferably from 1 to 50 ng/ml. 
The concentration of NGF is not particularly limited; how 
ever, it ranges from 0.1 to 100 ng/ml, preferably from 1 to 50 
ng/ml. The concentration of NSF-1 is not particularly limited; 
however, it ranges from 0.1 to 100 ng/ml, preferably from 1 to 
50 ng/ml. The concentration of TGFB is not particularly lim 
ited; however, it ranges from 0.1 to 100 ng/ml, preferably 
from 1 to 50 ng/ml. The concentration of TNFC. is not par 
ticularly limited; however, it ranges from 0.1 to 100 ng/ml, 
preferably from 1 to 50 ng/ml. The concentration of heparin is 
not particularly limited; however, it ranges from 10 ng/ml to 
10 g/ml, preferably from 2 to 5 g/ml. The concentration of 
BSA is not particularly limited; however, it ranges from 0.1 to 
10 mg/ml, preferably from 1 to 8 mg/ml. The concentration of 
insulin is not particularly limited; however, it ranges from 1 to 
100 ug/ml, preferably from 10 to 50 g/ml. The concentration 
of transferrin is not particularly limited; however, it ranges 
from 10 to 500 g/ml, preferably from 50 to 200 g/ml. The 
concentration of putrescine is not particularly limited; how 
ever, it ranges from 1 to 50 lug/ml, preferably from 10 to 20 
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ug/ml. The concentration of selenite is not particularly lim 
ited; however, it ranges from 1 to 50 nM, preferably from 20 
to 40 nM. The concentration of progesterone is not particu 
larly limited; however, it ranges from 1 to 50 nM, preferably 
from 10 to 30 nM. The concentration of hydrocortisone is not 
particularly limited; however, it ranges from 10 ng/ml to 10 
ug/ml, preferably from 100 ng/ml to 1 Lug/ml. The concentra 
tion of D-(+)-glucose is not particularly limited; however, it 
ranges from 1 to 20 mg/ml, preferably from 5 to 10 mg/ml. 
The concentration of sodium bicarbonate is not particularly 
limited; however, it ranges from 0.1 to 5 mg/ml, preferably 
from 0.5 to 2 mg/ml. The concentration of HEPES is not 
particularly limited; however, it ranges from 0.1 to 50 mM, 
preferably from 1 to 20 mM. The concentration of 
L-glutamine is not particularly limited; however, it ranges 
from 0.1 to 10 mM, preferably from 1 to 5 mM. The concen 
tration of N-acetylcysteine is not particularly limited; how 
ever, it ranges from 1 to 200 ug/ml, preferably from 10 to 100 
ug/ml. Known basal culture liquids, which are not particu 
larly limited as long as they are Suitable for culturing cancer 
cells from which cancer stem cells are derived, include, for 
example, DMEM/F 12, DMEM, F10, F12, IMDM, EMEM, 
RPMI-1640, MEM, BME, Mocoy’s 5A, and MCDB131. Of 
them, DMEM/F12 is preferred. 
0.138. The most preferred stem cell media include DMEM/ 
F12 medium supplemented with 20 ng/ml human EGF, 10 
ng/ml human bFGF, 4 ug/ml heparin, 4 mg/ml BSA, 25ug/ml 
human insulin, and 2.9 mg/ml glucose where each concen 
tration a final concentration. 
0.139. As described herein, high proliferative LgrS-posi 

tive cancer stem cells have the properties of mesenchymal 
cells. Meanwhile, as described herein, low proliferative LgrS 
negative cancer stem cells have the properties of epithelial 
cells. Herein, "epithelial cells' refers to cells that constitute 
epithelial tissues in the living body. 
0140. In the present invention, the origin of cancer stem 
cells is not particularly limited; however, they are preferably 
derived from a solid cancer, more preferably a gastrointesti 
nal cancer. Gastrointestinal cancers include, for example, 
esophageal cancer, stomach cancer, duodenal cancer, pancre 
atic cancer, bile duct cancer, gallbladder cancer, biliary tract 
cancer, colorectal cancer, colon cancer, and rectal cancer. A 
preferred gastrointestinal cancer is colorectal cancer. 
0141 Furthermore, in the present invention, cancer stem 
cells are preferably positive for one or more of the cell mark 
ers CD133, CD44, EpCAM, CD166, CD24, CD26, and 
CD29, more preferably positive for CD133, CD44, EpCAM, 
CD166, CD24, CD26, and CD29. 
0142. In addition, in the present invention, acetaldehyde 
dehydrogenase (ALDH) activity can be used as a cell marker. 
In the present invention, Lgr5-positive adherent cancer stem 
cells are positive for the ALDH activity cell marker, whereas 
Lgr5-negative cancer stem cells are negative for ALDH activ 
ity. 
0143. In the present invention, one or more of HLA-DMA, 
TMEM173, ZMAT3, and GPR110 can also be used as cell 
markers. Lgr5-positive adherent cancer stem cells are nega 
tive for any of the cell markers HLA-DMA, TMEM173, 
ZMAT3, and GPR110, while Lgr5-negative cancer stem cells 
are positive for any of the cell markers HLA-DMA, 
TMEM173, ZMAT3, and GPR110. 
0144. In the present invention, cancer stem cells prefer 
ably have the feature of reconstituting the hierarchical struc 
ture of cancer tissues. 
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(0145 Herein, “hierarchical structure” means that some of 
the unique and characteristic structures observed in a normal 
tissue are detected histopathologically in the structure of a 
tumor originated from the tissue. In general, highly-differen 
tiated cancers reconstitute the hierarchical structure to a high 
degree. For example, lumen formation and mucous cells are 
observed in the case of tumors of glandular lumen-forming 
organs (stomach cancer, colorectal cancer, pancreatic cancer, 
liver cancer, bile duct cancer, breast cancer, lung adenocarci 
noma, prostatic cancer, etc.). In the case of tumors that form 
squamous epithelial structures (squamous cell carcinoma of 
lung, skin, vaginal mucosa, etc.), layer structure formation, 
the tendency to keratosis, and Such are observed in the epi 
thelium. On the other hand, poorly-differentiated cancers 
insufficiently reconstitute the hierarchical structure, and they 
are said to be highly atypical (Kumar V. Abbas AK. Fausio N. 
Robbins and Cotran Pathologic Basis of Disease. 7th Ed. Unit 
I: General Pathology, 7: Neoplasia, Biology of tumor growth: 
Benign and malignant neoplasms. 272-281, 2005). Since the 
hierarchical structure is considered to be reconstituted as a 
result of various biological reactions, cancer stem cells that 
reconstitute it are thought to be highly useful. 
0146 “Reconstitution of the hierarchical structure” means 
that the unique and characteristic structure possessed by the 
original cancer stem cells is also observed even after isolation 
or induction of cancer stem cells. 

0147 Furthermore, in the present invention, cancer stem 
cells preferably have the ability of epithelial-mesenchymal 
transition (EMT). Herein, the ability of epithelial-mesenchy 
mal transition means both that epithelial cells transition into 
mesenchymal cells by obtaining their characteristics, and that 
mesenchymal cells transition into epithelial cells by obtain 
ing their characteristics. EMT does not occur in normal cells 
except during the process of embryogenesis. Epithelial cells, 
which are bound together tightly and exhibit polarity, change 
into mesenchymal cells that are bound together more loosely, 
exhibit a loss of polarity, and have the ability to move. These 
mesenchymal cells can spread into tissues around the primary 
tumor, and also separate from the tumor, invade blood and 
lymph vessels, and move to new locations where they divide 
and form additional tumors. Drug resistance, metastasis, or 
recurrence of cancer can be explained by Such additional 
tumor formation. 

0.148. Furthermore, the present invention provides phar 
maceutical compositions comprising as an active ingredient 
an antibody that binds to a molecule expressed in a Substan 
tially homogeneous cancer stem cell population comprising 
the above cancer stem cells of the present invention. “Sub 
stantially homogeneous' means that, when immunodeficient 
animals are grafted with 1000 cells, 100 cells, or 10 cells and 
analyzed for the frequency of formation of cancer cell popu 
lations using Extreme Limiting Dilution Analysis (Hu Y & 
Smyth G. K. J Immunol Methods. 2009 Aug. 15: 347(1-2): 
70-8) utilizing, for example, the method described in HuY & 
Smyth G. K. J Immunol Methods. 2009 Aug. 15: 347 (1-2): 
70-8 or Ishizawa K & Rasheed ZA. et al., Cell Stem Cell. 
2010 Sep. 3: 7(3):279-82, the frequency of cancer stem cells 
is 1/20 or more, preferably 1/10 or more, more preferably 1/5 
or more, even more preferably 1/3 or more, still more prefer 
ably 1/2 or more, and yet more preferably 1/1. 
0149. In the present invention, cancer stem cell popula 
tions can be prepared, for example, by culturing cells or a 
group of cells containing the cancer stem cells described 
herein. 
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0150. Herein, “adherent culture” means that, after seeding 
cells into culture vessels for adherent culture, the adhered 
cells are cultured and passaged while non-adherent cells are 
removed. The cells grown to confluency are detached with 
Accutase and passaged into fresh adherent culture flasks, 
adherent culture plates, or adherent culture dishes for further 
culture. Culture vessels for adherent culture are not particu 
larly limited as long as they are used for adherent culture. It is 
possible to appropriately select and use flasks for adherent 
culture or highly adherent flasks, plates for adherent culture 
or highly adherent plates, flat-bottomed plates for adherent 
culture or highly adherent flat-bottomed plates, dishes for 
adherent culture or highly adherent dishes, etc. 
0151 Media used for adherent culture are not particularly 
limited; however, it is preferable to use serum-free stem cell 
culture media. 
0152 Herein, “adherent” refers to the property of cells to 
adhere to culture vessels for adherent culture when they are 
cultured in the vessels. 
0153. Herein, “suspension culture” means that, after seed 
ing cells into culture vessels for Suspension culture, the float 
ing cells are cultured and passaged while adherent cells are 
removed. The cells grown to confluency are passaged into 
fresh low adherent cell culture flasks, ultra low adherent cell 
culture flasks, low adherent plates, ultra low adherent plates, 
low adherent dishes, or ultra low adherent dishes for further 
culture. Culture vessels for Suspension culture are not par 
ticularly limited as long as they are used for Suspension cul 
ture. It is possible to appropriately select and use low adherent 
cell culture flasks, ultra low adherent cell culture flasks, low 
adherent plates, ultra low adherent plates, low adherent 
dishes, ultra low adherent dishes, etc. 
0154 Media used for suspension culture are not particu 
larly limited; however, it is preferable to use serum-free stem 
cell culture media. A cell group containing cancer Stem cells 
are preferably expanded before performing adherent or sus 
pension culture. Herein, “non-adherent refers to the property 
of cells to be cultured in a floating state without adherence to 
culture vessels for Suspension culture when the cells are cul 
tured in the vessels. 
0155 “Expansion of a cell group” means, for example, 
proliferation by spheroid culture or grafting and passaging in 
nonhuman animals, but is not particularly limited thereto. 
0156. As described herein, for nonhuman animals, immu 
nodeficient animals can be used for grafting since they are 
unlikely to have rejection reactions. Immunodeficient ani 
mals preferably used include nonhuman animals that lack 
functional T cells, for example, nude mice and nude rats, and 
nonhuman animals that lackboth functional Tand B cells, for 
example, SCID mice and NOD-SCID mice. It is more pref 
erably to use mice that lack T, B, and NK cells and have 
excellent transplantability, including, for example, NOG 
mice. 
0157 Regarding the weekly age of nonhuman animals, for 
example, 4 to 100-week-old athymic nude mice, SCID mice, 
NOD-SCID mice, or NOG mice are preferably used. NOG 
mice can be prepared, for example, by the method described 
in WO 2002/043477, and are available from the Central Insti 
tute for Experimental Animals or the Jackson Laboratory 
(NSG mice). 
0158 Cells to be grafted may be any cells, including cell 
masses, tissue fragments, individually dispersed cells, cells 
cultured after isolation, and cells isolated from a different 
animal into which the cells have been grafted; however, dis 
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persed cells are preferred. The number of grafted cells may be 
10° or less; however, it is acceptable to graft more cells. 
0159. With respect to the grafting site, subcutaneous graft 
ing is preferred because the graft technique is simple. The 
grafting site is not particularly limited, and it is preferable to 
select an appropriate grafting site depending on the animal 
used. There is no particular limitation on the grafting opera 
tion ofNOG-established cancer cell lines, and the cells can be 
grafted by conventional grafting operations. 
0160 Cancer stem cells or a cancer stem cell population 
can be prepared, for example, by collecting cancer tissues 
from patients and culturing the tissues in a serum-free stem 
cell culture medium under adherent or floating culture con 
ditions. Alternatively, cancer tissues collected from patients 
can be spheroid-cultured, and then cultured in a serum-free 
stem cell culture medium under adherent or floating culture 
conditions to prepare cancer stem cells or a cancer stem cell 
population Alternatively, cancer tissues collected from 
patients can be grafted and passaged in nonhuman animals, 
and then cultured in a serum-free stem cell culture medium 
under adherent or floating culture conditions to prepare can 
cer stem cells or a cancer stem cell population. Alternatively, 
it is possible to use a method in which cancertissues collected 
from patients are grafted and passaged in NOG mice to pre 
pare NOG-established cancer cell lines, and they are cultured 
in a serum-free stem cell culture medium under adherent or 
Suspension culture conditions. 
0.161 Cancer stem cells and cancer stem cell populations 
of the present invention can be used in methods of screening 
for pharmaceutical agents, anti-cancer agents, or the like. 
0162. In an embodiment of methods of screening for phar 
maceutical agents, the present invention provides methods 
comprising the steps of 
(a) preparing a Substantially homogeneous cancer stem cell 
population comprising an Lgr5-positive adherent cancer stem 
cell; 
(b) contacting a test Substance with the cancer stem cell 
population or a cancer stem cell comprised in the cancer stem 
cell population; and 
(c) detecting a change in a biological property of the cancer 
stem cell population or cancer stem cell contacted with the 
test Substance. 
0163. In these methods, first, a substantially homogeneous 
cancer stem cell population containing Lgr5-positive adher 
ent cancer stem cells or Lgr5-negative cancer stem cells is 
prepared. Then, a test Substance is contacted with the pre 
pared cancer stem cell population or cancer stem cells con 
tained in the cancer stem cell population. In these methods, 
there is no particular limitation on the method for contacting 
a test Substance with a cancer stem cell population or cancer 
stem cells contained in the cancer stem cell population. For 
example, a test Substance may be contacted with cultured 
cells of a cancer stem cell population or cancer stem cells 
contained in the cancer stem cell population. This treatment 
can be carried out by adding a test Substance to a cell culture 
medium or cell extract. When a test substance is a protein, this 
treatment can be performed, for example, as follows: a vector 
comprising a DNA encoding the protein is introduced into a 
cancer stem cell population or cancer stem cells contained in 
the cancer stem cell population; or the vector is added to a cell 
extract of a cancer stem cell population or cancer stem cells 
contained in the cancer stem cell population. Alternatively, it 
is possible, for example, to use the two-hybrid method utiliz 
ing yeast, animal cells, or the like. 
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0164. In these methods, then, a change in a biological 
property of the cancer stem cell population or cancer stem 
cells treated with the test substance is detected. Such a change 
in a biological property includes, for example, a change in the 
proliferation ability, a change in the viable cell count, a 
change in a tissue structure characteristic of the process of 
cancer progression of the cancer stem cell population or can 
cer stem cells, and a change in the expression of a DNA, RNA, 
protein, or metabolite in the cancer stem cell population or 
cancer stem cells. A change in a biological property can be 
detected, for example, by the methods described below. 
0.165. There is no particular limitation on the assessment 
of the expression of DNAs, RNAs, proteins, peptides, and 
metabolites; the expression can be assessed by conventional 
expression assessment methods. RNAs include microRNAs, 
siRNAs, tRNAs, snRNAs, mRNAs, and non-coding RNAs. 
For example, mRNAS of a gene are extracted according to a 
conventional method. Using the mRNAS as a template, the 
transcriptional level of the gene can be determined using the 
Northern hybridization or RT-PCR method. DNA array tech 
niques can also be used to determine the expression level of 
the gene. Alternatively, fractions containing a protein 
encoded by a gene are collected according to a conventional 
method. The translational level of the gene can be determined 
by detecting the protein expression by an electrophoresis 
method such as SDS-PAGE. The translational level of a gene 
can also be determined by performing the Western blotting 
method using an antibody against a protein and detecting the 
protein expression. These methods can be used to screen for 
pharmaceutical agents (pharmaceutical compositions). 
0166 The DNAs, RNAs, and proteins that are contained in 
a cancer stem cell population or cancer stem cells and which 
are characteristic of the process of cancer progression of the 
cancer stem cell population or cancer stem cells, preferably 
include the proteins or polypeptides of any one of SEQ ID 
NOs: 1 to 6, and polynucleotides encoding the proteins or 
polypeptides. 
0167 For example, when there is no change in a biological 
property of a cancer stem cell population or cancer stem cells, 
or the degree of the change is reduced after treatment with a 
test substance compared to before the treatment, the test 
Substance is expected to be useful as a pharmaceutical agent 
(pharmaceutical composition) that has the activity of Sup 
pressing cancer recurrence or metastasis (for example, an 
agent for Suppressing cancer recurrence, an agent for post 
chemotherapy adjuvant therapy, an agent for postoperative 
adjuvant therapy, an anti-cancer agent, or an agent for Sup 
pressing cancer metastasis). Such test Substances can be 
selected as effective substances that have the therapeutic or 
preventive effect against cancerous diseases. Such pharma 
ceutical agents (pharmaceutical compositions) having the 
activity of Suppressing cancer progression are used as an 
agent for Suppressing cancer recurrence, an agent for post 
chemotherapy adjuvant therapy, an agent for postoperative 
adjuvant therapy, an anti-cancer agent, or an agent for Sup 
pressing cancer metastasis. Anti-cancer agents of the present 
invention may be used against, for example, cancers resistant 
to pharmaceutical agents or chemotherapeutic agents. Spe 
cifically, pharmaceutical agents (pharmaceutical composi 
tions) of the present invention also include therapeutic agents 
against drug-resistant or chemotherapeutic agent-resistant 
CaCCS. 

0.168. In the present invention, the above pharmaceutical 
agents (pharmaceutical compositions) are not particularly 
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limited to anti-cancer agents or agents for Suppressing 
metastasis or recurrence, and they can also be used as an agent 
for inhibiting angiogenesis or cell growth. Furthermore, the 
pharmaceutical agents (pharmaceutical compositions) of the 
present invention may be used simultaneously with chemo 
therapeutic agents or after treatment with chemotherapeutic 
agents. The pharmaceutical agents are not particularly lim 
ited, and they include proteinaceous agents, nucleic acid 
agents, low-molecular-weight agents, and cellular agents. 
0169. In another embodiment of the screening methods, 
the present invention provides methods of screening for phar 
maceutical agents (pharmaceutical compositions), which 
comprise the steps of: 
(a) preparing a Substantially homogeneous cancer stem cell 
population comprising an Lgr5-negative non-adherent cancer 
stem cell; 
(b) contacting a test Substance with the cancer stem cell 
population or a cancer stem cell comprised in the cancer stem 
cell population; and 
(c) detecting a change in a biological property of the cancer 
stem cell population or cancer stem cell contacted with the 
test Substance. 
0170 In these methods, first, a substantially homogeneous 
cancer stem cell population containing Lgrš-negative non 
adherent cancer stem cells is prepared. Then, the prepared 
cancer stem cell population or cancer stem cells contained in 
the cancer stem cell population are treated with a test Sub 
stance. Next, a change in a biological property of the cancer 
stem cell population or cancer stem cells treated with the test 
Substance is detected. 

0171 The DNAs, RNAs, and proteins that are contained in 
Such a cancer stem cell population or cancer stem cells, and 
which are characteristic of the process of cancer progression 
of the cancer stem cell population or cancer stem cells, pref 
erably include the proteins or polypeptides of any one of SEQ 
ID NOs: 1 to 8, and polynucleotides encoding the proteins or 
polypeptides. In a non-limiting embodiment of the present 
invention, the proteins or polypeptides of SEQID NOs: 1 to 
6, and polynucleotides encoding the proteins or polypeptides 
may be used. In another non-limiting embodiment of the 
present invention, the protein or polypeptide of SEQID NO: 
7 or 8, and polynucleotides encoding the protein or polypep 
tide may be used. 
0172 Pharmaceutical agents (pharmaceutical composi 
tions) that are obtained by the screening methods are not 
particularly limited, and they can be used as anti-cancer 
agents. Specifically, when there is no change in a biological 
property of a cancer stem cell population or cancer stem cells, 
or the degree of the change is reduced after treatment with a 
test substance compared to before the treatment, the test 
Substance is expected to be useful as a pharmaceutical agent 
that has the activity of Suppressing cancer recurrence or 
metastasis (for example, an agent for Suppressing cancer 
recurrence, an agent for post-chemotherapy adjuvant therapy, 
an agent for postoperative adjuvant therapy, an anti-cancer 
agent, or an agent for Suppressing cancer metastasis). Such 
test Substances may be selected as effective Substances that 
have the therapeutic or preventive effect against cancerous 
diseases. Such pharmaceutical agents (pharmaceutical com 
positions) having the activity of Suppressing cancer progres 
sion are used as an agent for Suppressing cancer recurrence, 
an agent for post-chemotherapy adjuvant therapy, an agent for 
postoperative adjuvant therapy, an anti-cancer agent, or an 
agent for Suppressing cancer metastasis. 
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0173 Furthermore, pharmaceutical agents (pharmaceuti 
cal compositions) of the present invention include cancer 
therapeutic agents against Lgr5-negative cancers, which con 
tain as an active ingredient at least an antibody that binds to a 
protein of SEQ ID NOs: 1 to 8. The Lgr5-negative cancers 
include those resistant to drugs or chemotherapeutic agents. 
0.174 Still another embodiment of the screening methods 
of the present invention includes methods that use nonhuman 
animals administered with a test Substance, and a cancer stem 
cell population of the present invention or cancer stem cells 
contained in the cancer stem cell population. Specifically, the 
present invention provides methods of screening for pharma 
ceutical agents (pharmaceutical compositions), which com 
prise the steps of 
(a) preparing a Substantially homogeneous cancer stem cell 
population comprising an Lgr5-positive adherent cancer stem 
cell; 
(b) administering a nonhuman animal with a test Substance 
and the cell population or a cancer stem cell comprised in the 
cancer stem cell population; and 
(c) detecting tumor formation in the nonhuman animal. 
0.175. In these methods, first, a substantially homogeneous 
cancer stem cell population containing Lgr5-positive adher 
ent cancer stem cells is prepared. Then, nonhuman animals 
are administered with a test Substance, and the cancer stem 
cell population prepared or cancer stem cells contained in the 
cancer stem cell population. 
0176). In these methods, the method for administering a 

test substance to nonhuman animals is not particularly lim 
ited. Oral administration, or parenteral administration such as 
Subcutaneous, intravenous, local, transdermal, or transintes 
tinal (transrectal) administration can be appropriately 
selected depending on the type of a test Substance to be 
administered. 
0177. Furthermore, in these methods, there is no particular 
limitation on the method for administering a cancer stem cell 
population or cancer stem cells to nonhuman animals, and an 
appropriate method can be selected depending on the cell 
population to be administered. The preferred method is sub 
cutaneous or intravenous administration. 
0178. In these methods, then, tumor formation is detected 
in the nonhuman animals. 
0179 The assessment of a test substance can be performed 
as follows: tissues administered with a test Substance and a 
cancer stem cell population or cancer stem cells are excised 
from nonhuman animals, and then histological features of the 
tissues are observed to determine the presence or absence of 
tumor formation. When tumor formation is not detected, the 
test Substance is expected to be useful as a pharmaceutical 
agent having the activity of suppressing cancer progression or 
metastasis (for example, an anti-cancer agent or an agent for 
Suppressing cancer metastasis or recurrence), and the test 
Substance can be selected as an effective Substance that has 
the therapeutic or preventive effect against cancerous dis 
eases. That is, pharmaceutical agents (pharmaceutical com 
positions) obtained by the screening methods are not particu 
larly limited, and can be used as an anti-cancer agent, or an 
agent for Suppressing cancer metastasis or recurrence. 
0180. “Test substances’ used in the methods of the present 
invention are not particularly limited, and include, for 
example, single compounds such as natural compounds, 
organic compounds, inorganic compounds, proteins, anti 
bodies, peptides, and amino acids, as well as compound 
libraries, expression products of gene libraries, cell extracts, 
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cell culture Supernatants, products offermenting microorgan 
isms, extracts of marine organisms, plant extracts, prokary 
otic cell extracts, unicellular eukaryote extracts, and animal 
cell extracts. These may be purified products or crude purified 
products such as extracts of plants, animals, and microorgan 
isms. Also, methods for producing test Substances are not 
particularly limited; test Substances may be isolated from 
natural materials, synthesized chemically or biochemically, 
or prepared by genetic engineering. It is also possible to 
appropriately use antisense and RNAi molecules that are 
designed by known methods based on partial sequences of 
polynucleotides encoding the protein of any one of SEQ ID 
NOs: 1 to 8. If needed, the above test substances can be 
appropriately labeled and used. Labels include, for example, 
radiolabels and fluorescent labels. Mixtures of an above 
mentioned test Substance and multiple kinds of Such labels 
are included in the test Substances of the present invention. 
0181 Furthermore, the present invention provides phar 
maceutical agents such as vaccines comprising a partial pep 
tide of the protein of any one of SEQ ID NOs: 1 to 8, and 
methods of screening for vaccines. Such screening methods 
preferably include methods for determining the cytotoxic 
activity targeted to cancer stem cells disclosed in the present 
application using cytotoxic T cells (CTL) or the like induced 
with a cancer vaccine of the present invention in vitro. Spe 
cifically, adherent and non-adherent cells are separated from 
peripheral blood mononuclear cells (PBMCs) collected by 
centrifugation of human peripheral blood in Ficoll-Conray 
density gradient. The adherent cells are incubated with 100 
ng/ml GM-CSF (Novartis) and 10 IU/ml IL-4 (GIBCO-BRL) 
in AIM-V (GIBCO), and then the cells are used as antigen 
presenting cells (APC). Meanwhile, the non-adherent cells 
are incubated with 30 to 100 IU/ml recombinant IL-4 (Aji 
nomoto) in AIM-V. On day 7 to 10, a partial peptide of the 
protein of any one of SEQ ID NOs: 1 to 8 provided by the 
present invention is added (at a final concentration of 30 
ug/ml) to APC. On the following day, recombinant TNF-C. 
and IFN-C. (Sumitomo Pharma Co.) are added for APC matu 
ration. Then, CD8-positive cells isolated from autologous 
non-adherent cells are mixed with irradiated APC in IL-2-free 
AIM-V. After two days of incubation, IL-2 (Takeda Pharma 
ceutical Company) is added at a final concentration 100 IU/ml 
to the culture. The CD8-positive cells are stimulated every 
seven days using, as APC, autologous PHA blasts (PHA 
stimulated T cells) that have been stimulated with the T cell 
mitogen PHA. A fresh medium containing 100 IU/ml IL-2 is 
added to the culture at every time point of stimulation. CTL 
on day 28 is used for the activity assay. High proliferative 
Lgr5-positive cancer stem cells and low proliferative Lgr5 
negative cancer stem cells that are provided by the present 
invention can be used as target cells of CTL. The cytotoxic 
activity can be assessed by determining 'Cr-sodium chro 
mate uptake activity by a measurement method similar to that 
of ADCC activity. 
0182 Furthermore, pharmaceutical agents selected by the 
screening methods of the present invention may be further 
screened as necessary for more effective and practical pre 
ventive or therapeutic active substances by conducting addi 
tional drug effectiveness tests and safety tests, and further 
conducting clinical tests in human cancer patients. Based on 
results of structural analysis of pharmaceutical agents thus 
selected, they can be industrially manufactured by chemical 
synthesis, biochemical synthesis (fermentation), or genetic 
engineering. 
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0183 “High proliferative ability” means that the doubling 
time is 6 days or less, preferably 4 days or less, and more 
preferably 3 days or less when cells are cultured in a serum 
free medium supplemented with EGF and FGF using the 
method described herein. 
0184 “Low proliferative ability” means that the doubling 
time is 7 days or more, preferably 14 days or more, and more 
preferably there is no significant proliferation when cells are 
cultured in a serum-free medium supplemented with EGF and 
FGF using the method described herein. 
0185. When preparing such high proliferative LgrS-posi 

tive cancer Stem cells and low proliferative Lgrš-negative 
cancer stem cells, the cells can be separated using the cell 
marker Lgr5. The separation methods include the following: 
methods in which a cell population containing cancer stem 
cells is isolated by using an anti-Lgrš antibody; 
methods in which a Substantially homogeneous cancer stem 
cell population is first prepared by culturing a population 
containing cancer stem cells under adherent or Suspension 
culture conditions, and then the population is isolated by 
using an anti-LgriSantibody; and methods in which a Substan 
tially homogeneous cancer stem cell population is first pre 
pared by culturing a population containing cancer stem cells 
in a medium with or without a growth inhibitor under adher 
ent culture conditions, and then the population is isolated by 
using an anti-Lgrš antibody. Any of the above methods may 
be used in the present invention. Preferably, cells are isolated 
from cancer tissues after three or more passages in NOG 
mice, and cultured in a serum-free stem cell culture media 
under adherent culture conditions to prepare high prolifera 
tive Lgr5-positive cancer stem cells. Then, low proliferative 
Lgr5-negative cancer stem cells can be prepared as follows. 
The resulting Lgr5-positive cancer stem cells are maintained 
under various stresses such as a contact with a growth inhibi 
tor, for example, treatment with irinotecan (culture for three 
days in a serum-free stem cell medium supplemented with 10 
ug/ml irinotecan). 
0186. Furthermore, the present invention provides meth 
ods of Screening for pharmaceutical agents, which comprise 
contacting a test Substance with cancer stem cells that differin 
the proliferation ability, which are induced by the methods 
provided by the present invention. Specifically, the present 
invention provides methods of Screening for pharmaceutical 
agents, which comprises detecting a change in a biological 
property of cancer stem cells by contacting a test Substance 
with high or low proliferative cancer stem cells induced by a 
method for converting low proliferative cancer stem cells to 
high proliferative cancer stem cells, or converting high pro 
liferative cancer stem cells to low proliferative cancer stem 
cells. 
0187 Specifically, as described herein, low proliferative 
cancer stem cells can be prepared by maintaining high pro 
liferative cancer stem cells under various stresses such as a 
Suspension culture or in contact with a growth inhibitor. For 
example, high proliferative cancer stem cells can be con 
verted to low proliferative cancer stem cells by culturing high 
proliferative cancer stem cells under Suspension culture con 
ditions. Alternatively, high proliferative cancer stem cells can 
be converted to low proliferative cancer stem cells by cultur 
ing high proliferative cancer stem cells in low adherent or 
ultra low adherent cell culture vessels such as low adherent 
plates, ultra low adherent plates, low adherent dishes, ultra 
low adherent dishes, low adherent flasks, or ultra low adher 
ent cell culture flasks. In other words, low proliferative cancer 
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stem cells can be prepared by culturing high proliferative 
cancer stem cells in low adherent or ultra low adherent cell 
culture vessels such as low adherent plates, ultra low adherent 
plates, low adherent dishes, ultra low adherent dishes, low 
adherent flasks, or ultra low adherent cell culture flasks. 
0188 In a non-limiting embodiment, high proliferative 
cancer stem cells can be converted to low proliferative cancer 
stem cells by using a growth inhibitor such as 5-FU or irino 
tecan. Specifically, low proliferative cancer stem cells can be 
produced by exposing high proliferative cancer stem cells to 
a growth inhibitor such as 5-FU or irinotecan. Exposure to a 
growth inhibitor can be achieved under any condition Such as 
in vitro culture or inside the body of grafted nonhuman ani 
mals. In this case, those skilled in the art can select an appro 
priate exposure dose of a cell growth inhibitor for cancer stem 
cells. Alternatively, high proliferative cancer stem cells can be 
prepared by re-seeding low proliferative cancer stem cells 
into a medium without a growth inhibitor such as 5-FU or 
irinotecan. In another non-limiting embodiment, high prolif 
erative cancer stem cells can be produced by discontinuing 
administration of a growth inhibitor to nonhuman animals 
having low proliferative cancer stem cells. 
0189 Furthermore, low proliferative cancer stem cells can 
be cultured under adherent culture conditions to convert them 
to high proliferative cancer stem cells. Alternatively, low 
proliferative cancer stem cells can be converted to high pro 
liferative cancer stem cells by culturing low proliferative 
cancer stem cells in a non-low-adherent but highly adherent 
cell culture vessel Such as a flat-bottomed plate, plate, adher 
ent culture plate, adherent culture flask, dish, or adherent 
culture dish. That is, high proliferative cancer stem cells can 
be produced by culturing low proliferative cancer stem cells 
in a non-low-adherent but highly adherent cell culture vessel 
Such as a flat-bottomed plate, plate, adherent culture plate, 
adherent culture flask, dish, or adherent culture dish. 
0190. The present invention also relates to cancer cell 
detection reagents. Cancer cell detection reagents of the 
present invention preferably contain as an active ingredient at 
least one antibody that binds to a protein of SEQID NOs: 1 to 
8 (protein composed of the amino acid sequence of any one of 
SEQID NOs: 1 to 8). In another embodiment, the reagents of 
the present invention include reagents for detecting Lgr5 
positive cancer cells, which preferably contain at least one 
antibody that binds to a protein of SEQID NOs: 1 to 6 (protein 
composed of the amino acid sequence of any one of SEQID 
NOs: 1 to 6). In still another embodiment, the reagents of the 
present invention include reagents for detecting Lgrš-nega 
tive cancer cells, which preferably contain at least one anti 
body that binds to the protein of any one of SEQID NOs: 1 to 
8 (protein composed of the amino acid sequence of any one of 
SEQID NOs: 1 to 8). 

Growth Inhibitors 

0191 In a non-limiting embodiment, preferred growth 
inhibitors include DNA-damaging agents, antimitotic agents, 
and/oranti-metabolites. Sucha DNA-damaging agent may be 
an alkylating reagent, a topoisomerase inhibitor, and/or a 
DNA intercalator. Examples of preferred growth inhibitors 
include, but are not limited to, carboplatin (DNA alkylating 
reagent), etoposide (topoisomerase II inhibitor), doxorubicin 
(DNA intercalator), docetaxel (antimitotic agent), and 
Gemzar (gemcitabine; anti-metabolite). 
0.192 Alkylating reagents can be at least one reagent 
selected from the following. Specifically, it is possible to use 
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at least one alkylating reagent selected from: chlorambucil, 
cyclophosphamide, ifosfamide, mechlorethamine, mel 
phalan, uracil mustard, thiotepa, buSulfan, carmustine, 
lomustine, streptozocin, carboplatin, cisplatin, satraplatin, 
oxaliplatin, altretamine, ET-743, XL119 (becatecarin), dac 
arbazine, chlormethine, bendamustine, trofosfamide, ura 
mustine, fotemustine, nimustine, prednimustine, ranimus 
tine, Semustine, nedaplatin, triplatin tetranitrate, 
mannosulfan, treosulfan, temozolomide, carboquone, triazi 
quone, triethylene melamine, procarbazine, etc. 
0193 Topoisomerase inhibitors can be at least one inhibi 
tor selected from the following. Specifically, it is possible to 
use at least one topoisomerase inhibitor selected from: doxo 
rubicin (Doxil), daunorubicin, epirubicin, idarubicin, 
anthracenedione (Novantrone), mitoxantrone, mitomycin C, 
bleomycin, dactinomycin, plicatomycin, irinotecan (Camp 
tosar), camptothecin, rubitecan, belotecan, etoposide, tenipo 
side, topotecan (Hycamptin), etc. 
0194 At least one topoisomerase inhibitor selected from 
the following can be used as a DNA intercalator: proflavin, 
doxorubicin (adriamycin), daunorubicin, dactinomycin, tha 
lidomide, etc. 
0.195 Antimitotic agents can be at least one agent selected 
from the following. Specifically, it is possible to use at least 
one topoisomerase inhibitor selected from: paclitaxel 
(Abraxane)/Taxol, docetaxel (Taxotere), BMS-275183, Xyo 
tax, Tocosal, vinorlebine, Vincristine, vinblastine, Vindesine, 
Vinzolidine, etoposide (VP-16), teniposide (VM-26), ixave 
pilone, larotaxel, ortataxel, tesetaxel, ispinesib, etc. 
0196. Anti-metabolites can be at least one inhibitor 
selected from the following. Specifically, it is possible to use 
at least one topoisomerase inhibitor selected from: fluorou 
racil (5-FU), floxuridine (5-FUdR), methotrexate, Xeloda, 
Arranon, leucoVorin, hydroxyurea, thioguanine (6-TG), mer 
captopurine (6-MP), cytarabine, pentostatin, fludarabine 
phosphate, cladribine (2-CDA), asparaginase, gemcitabine, 
pemetrexed, bortezomib, aminopterin, raltitrexed, clofara 
bine, enocitabine, Sapacitabine, azacytidine, etc. 
0.197 Furthermore, the present invention relates to meth 
ods of screening for anti-cancer drugs, which use cancer stem 
cells isolated or induced by the above methods of the present 
invention. 
0198 The present invention also relates to methods for 
assessing compounds, which use cancer stem cells isolated or 
induced by the above methods of the present invention. 

<Method for Detecting Cancer Stem Cells.> 
0199 Furthermore, the present invention provides meth 
ods for detecting, identifying, or quantifying the presence of 
cancer stem cells of the present invention. Specifically, the 
present invention provides methods for detecting, identify 
ing, or quantifying the presence of cancer stem cells or Sub 
stantially homogeneous cancer stem cell populations of the 
present invention, which comprise the steps of: 
(a) preparing a sample obtained from a cancer patient; and 
(b) contacting a sample with an anti-LgriS antibody. 
0200. In these methods, first, samples obtained from can 
cer patients are prepared. In the present invention, a “sample 
is not particularly limited as long as it is preferably an organ 
or tissue derived from a cancer patient. It is possible to use a 
frozen or unfrozen organ or tissue. Such samples include, for 
example, cancer (tumor) tissues isolated from cancer 
patients. In these methods, a sample is then contacted with an 
anti-Lgrš antibody. 
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0201 Methods for detecting, identifying, or quantifying 
the presence of above-described cancer stem cells or Substan 
tially homogeneous cancer stem cell populations of the 
present invention can be used in, for example, cancer diag 
nosis, selection of cancer patients, prediction or assessment 
of the effectiveness of an agent (pharmaceutical composi 
tion), treatment monitoring, and cancer imaging. 
0202 Specifically, for example, organs or tissues are iso 
lated from cancer patients, and specimens are prepared. The 
specimens can be used to detect, identify, or quantify the 
presence of cancer stem cells. Specimens can be appropri 
ately prepared by using known methods, for example, the 
PFA-AMex-Paraffin method (WO 09/078.386). The samples 
include, for example, frozen or unfrozen organs or tissues. 
First, samples from cancer patients are fixed in a PFA solu 
tion. “PFA solution” refers to a cell fixation solution which is 
an aqueous solution of 1 to 6% paraformaldehyde combined 
with a buffer such as phosphate buffer. It is preferable to use 
4% PFA fixation solution (4% paraformaldehyde/0.01 M 
PBS (pH7.4)). For fixation with a PFA fixation solution, 
organs or tissues of interest are immersed in a PFA Solution 
containing 1 to 6%, preferably 4% paraformaldehyde, at 0 to 
8°C., preferably at about 4°C., for 2 to 40 hours, preferably 
for 6 to 30 hours. Then, fixed organs or tissues are washed 
with phosphate buffered saline or such. Washing may be 
carried out after excising portions from the observed organs 
or tissues. 
0203 Organs or tissues thus prepared are then embedded 
in paraffin by the AMeX method. The AMeX method is a 
paraffin embedding method with a series of the following 
steps: cold acetone fixation, dehydration with acetone, clear 
ing in methylbenzoate and Xylene, and paraffin embedding. 
Specifically, tissues are immersed in acetone at -25 to 8°C., 
preferably at -20 to 6°C., for 2 to 24 hours, preferably for 4 
to 16 hours. Then, the tissues in acetone are warmed to room 
temperature. Alternatively, organs or tissues are transferred 
into acetone at room temperature. Then, dehydration is per 
formed for 0.5 to 5 hours, preferably 1 to 4 hours at room 
temperature. Subsequently, the organs or tissues are cleared 
by immersion in methylbenzoate at room temperature for 0.5 
to 3 hours, preferably for 0.5 to 2 hours, followed by immer 
sion in xylene at room temperature for 0.5 to 3 hours, prefer 
ably 0.5 to 2 hours. Next, the organs or tissues are embedded 
in paraffin by penetration at 55 to 65°C., preferably at 58 to 
62°C. for 1 to 4 hours, preferably for 1 to 3 hours. The paraffin 
blocks of organs or tissues prepared by the PFA-AMeX 
method are stored at low temperature before use. 
0204 At the time of use, the paraffin blocks thus prepared 
are sliced into thin sections using a microtome or the like. 
Then, the thin sections are deparaffinized and rehydrated. 
Deparaffinization and rehydration can be performed by 
known methods. For example, deparaffinization can be per 
formed using Xylene and toluene, while rehydration can be 
carried out using alcohol and acetone. 
0205 The resulting thin sections are stained, for example, 
by histochemistry, immunohistochemistry, or enzyme his 
tochemistry for detection, identification, or quantitation. 
0206 When the prepared samples are stained by his 
tochemistry (special staining), it is possible to use any stain 
ing method commonly available for paraffin-embedded sec 
tions (for example, PAS staining, giemsa Staining, and 
toluidine blue staining). For staining by enzyme histochem 
istry, the sections may be stained by any staining method 
available for sections (for example, various staining Such as 
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with ALP, ACP TRAP or esterase). In addition, histopatho 
logical tissues can be stained by the following: hematoxylin 
eosin staining for general staining; Van Gieson staining, azan 
staining, and Masson Trichrome staining for collagen fiber 
staining; Weigert staining and Elastica Van Gieson staining 
for elastic fiber staining; Watanabe's silver impregnation 
staining and PAM staining (periodic acid methenamine silver 
stain) for reticular fibers/basal membrane staining, etc. 
0207 Staining with immunohistochemistry and enzyme 
histochemistry can be performed by direct methods using 
primary antibodies labeled with an enzyme or labeling sub 
stance, or indirect methods using non-labeled primary anti 
bodies and labeled secondary antibodies. However, such 
methods are not limited thereto. Antibodies can be labeled by 
conventional methods. Labeling Substances include, for 
example, radioisotopes, enzymes, fluorescent Substances, 
and biotin/avidin. The labeling Substances may be those com 
mercially available. Radioisotopes include, for example, P. 

P. ''I, I, H, C, and S. Enzymes include, for 
example, alkaline phosphatase, horse radish peroxidase, 
B-galactosidase, and B-glucosidase. Fluorescent Substances 
include, for example, fluorescein isothiocyanate (FITC) and 
rhodamine. These may be commercially available. Labeling 
can be carried out by known methods. 
0208. Thin sections are stained, for example, by his 
tochemistry, immunohistochemistry, or enzyme histochem 
istry for detection, identification, or quantitation. 
0209 Alternatively, detection, identification, or quantita 
tion can be carried out by quantifying DNA or RNA in cells in 
organ/tissue samples. Assessment of the expression is not 
particularly limited, and conventional expression assessment 
methods can be used. RNAs include microRNAs, siRNAs, 
tRNAs. SnRNAs, mRNAs, and non-coding RNAs. For 
example, Lgr5 mRNA is extracted according to conventional 
methods. Using the mRNA as a template, the transcriptional 
level of each gene can be determined by the Northern hybrid 
ization or RT-PCR method. DNA array techniques can also be 
used to determine the expression level of Lgr5. 
0210 Desired tissues, cells, or such can be collected from 
samples by the microdissection method, in particular, laser 
microdissection (LMD) method. The LMD method can col 
lect a group of target cells from living tissues, and thus accu 
rately determine which cells express a specific gene among 
various cells that constitute a tissue, and at what level the cells 
express the gene. Devices used for microdissection include, 
for example, the AS-LMD system (Leica Microsystems). 
0211 Furthermore, the present invention provides meth 
ods for diagnosing cancer, detecting cancer stem cells, or 
selecting cancer patients, which comprise using at least one 
antibody that binds to a protein of SEQ ID NOs: 1 to 8 to 
detect the presence of at least one of the proteins in a sample 
isolated from a cancer patient. In order to detect the presence 
of cancer stem cells, it is possible to use, instead of the 
anti-Lgr5 antibody described above, at least one antibody that 
binds to a protein of SEQID NOs: 1 to 8. 
0212. In a non-limiting embodiment, the present invention 
provides methods for diagnosing cancer, detecting cancer 
stem cells, or selecting cancer patients, which comprise using 
at least one antibody that binds to a protein of SEQID NOs: 
1 to 6 to detect the presence of at least one of the proteins in 
a sample isolated from a cancer patient. In order to detect the 
presence of Lgr5-positive cancer stem cells, it is possible to 
use, instead of the anti-Lgr5 antibody described above, at 
least one antibody that binds to a protein of SEQID NOs: 1 to 
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6. The presence of Lgr5-positive cancer stem cells can be 
detected by detecting the presence of the protein. However, 
the present invention does not exclude detection of Lgr5 in 
addition to the protein. 
0213. In a non-limiting embodiment, the present invention 
provides methods for diagnosing cancer, detecting cancer 
stem cells, or selecting cancer patients, which comprise using 
at least one antibody that binds to a protein of SEQID NOs: 
1 to 8 to detect the presence of at least one of the proteins in 
a sample isolated from a cancer patient. In order to detect the 
presence of Lgr5-negative cancer Stem cells, it is possible to 
use, instead of the anti-Lgr5 antibody described above, at 
least one antibody that binds to a protein of SEQID NOs: 1 to 
8. The presence of Lgr5-negative cancer stem cells can be 
detected by detecting the presence of the protein. However, 
the present invention does not exclude detection of Lgr5 in 
addition to the protein. 
0214. Furthermore, the present invention provides meth 
ods for assessing the effectiveness of a pharmaceutical com 
position comprising at least one antibody that binds to a 
protein of SEQID NOs: 1 to 8, which comprise detecting one 
or more of the proteins of SEQID NOs: 1 to 8 and/or poly 
nucleotides encoding the proteins in a sample isolated from a 
Subject administered with the pharmaceutical composition. 
In these methods, detection may be carried out using at least 
one antibody that binds to a protein of SEQID NOs: 1 to 8, or 
a portion of a polynucleotide encoding the protein of any one 
of SEQ ID NOs: 1 to 8 and/or a complementary strand 
thereof. In another non-limiting embodiment, the present 
invention provides methods for assessing the effectiveness of 
a cancer treatment in a test Subject, which comprise compar 
ing the expression of at least one of the proteins of SEQ ID 
NOs: 1 to 8 and/or polynucleotides encoding the proteins in a 
first sample obtained from a test subject before providing the 
subject with at least part of the treatment, to the expression of 
at least one of the proteins of SEQ ID NOs: 1 to 8 and/or 
polynucleotides encoding the proteins in a second sample 
obtained from the subject after providing the part of the 
treatment, wherein a significantly lower level of the protein 
and/or polynucleotide in the second sample than in the first 
sample is an indicator showing that the treatment is effective 
for inhibiting cancer in the test Subject. 
0215. In a non-limiting embodiment, the present invention 
provides methods of monitoring in a test Subject the effec 
tiveness of a treatment with an antibody provided by the 
present invention, which comprise the steps of: 
(i) collecting a pre-administration sample from the Subject 
before administration of the antibody; 
(ii) determining the expression level of at least one marker 
protein selected from the proteins of SEQID NOs: 1 to 8, or 
an mRNA or genomic DNA thereof in the pre-administration 
sample: 
(iii) collecting one or more post-administration sample(s) 
from the subject; 
(iv) determining the expression or activity level of at least one 
marker protein selected from the proteins of SEQID NOs: 1 
to 8, or an mRNA or genomic DNA thereof in the post 
administration sample(s): 
(V) comparing the expression or activity level of the marker 
protein, mRNA, or genomic DNA in the pre-administration 
sample to that of the marker protein, mRNA, or genomic 
DNA in the post-administration sample(s); and 
(vi) modifying the antibody administration to the test subject 
according to the comparison. 
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0216 For example, an increased dosage of an antibody of 
the present invention can be used to reduce the expression or 
activity of a marker towards a level higher than the detected 
level (the expression or activity level of the marker protein, 
mRNA, or genomic DNA in the sample before administra 
tion), i.e., to increase the effectiveness of the antibody. 
0217. In a different non-limiting embodiment, the present 
invention provides methods of monitoring in a test Subject the 
effectiveness of a treatment with an antibody provided by the 
present invention, which comprise the steps of: 
(i) detecting an Lgr5-positive cancer stem cell in a pre-ad 
ministration sample collected from the subject before admin 
istration of the antibody; 
(ii) determining the expression level of at least one marker 
protein selected from the proteins of SEQID NOs: 1 to 6, or 
mRNA or genomic DNA thereof in the pre-administration 
sample: 
(iii) collecting one or more post-administration sample(s) 
from the subject; 
(iv) determining the expression or activity level of at least one 
marker protein selected from the proteins of SEQID NOs: 1 
to 6, or mRNA or genomic DNA thereof in the post-admin 
istration sample(s): 
(V) comparing the expression or activity level of the marker 
protein, mRNA, or genomic DNA in the pre-administration 
sample to that of the marker protein, mRNA, or genomic 
DNA in the post-administration sample(s); and 
(vi) modifying the antibody administration to the test subject 
according to the comparison. 
0218. For example, an increased dosage of an antibody of 
the present invention can be used to reduce the expression or 
activity of a marker towards a level higher than the detected 
level (the expression or activity level of the marker protein, 
mRNA, or genomic DNA in the sample before administra 
tion), i.e., to increase the effectiveness of the antibody. 
0219. In another non-limiting embodiment, the present 
invention provides methods of monitoring in a test Subject the 
effectiveness of a treatment with an antibody provided by the 
present invention, which comprise the steps of: 
(i) detecting an Lgrš-negative cancer stem cell in a pre-ad 
ministration sample collected from the subject before admin 
istration of the antibody; 
(ii) determining the expression level of at least one marker 
protein selected from the proteins of SEQID NOs: 1 to 8, or 
mRNA or genomic DNA thereof in the pre-administration 
sample: 
(iii) collecting one or more post-administration sample(s) 
from the subject; 
(iv) determining the expression or activity level of at least one 
marker protein selected from the proteins of SEQID NOs: 1 
to 8, or mRNA or genomic DNA thereof in the post-admin 
istration sample(s): 
(V) comparing the expression or activity level of the marker 
protein, mRNA, or genomic DNA in the pre-administration 
sample to that of the marker protein, mRNA, or genomic 
DNA in the post-administration sample(s); and 
(vi) modifying the antibody administration to the test subject 
according to the comparison. 
0220. For example, an increased dosage of an antibody of 
the present invention can be used to reduce the expression or 
activity of a marker towards a level higher than the detected 
level (the expression or activity level of the marker protein, 
mRNA, or genomic DNA in the sample before administra 
tion), i.e., to increase the effectiveness of the antibody. 
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<Cancer Stem Cell Inhibitors)> 

0221) “Cancer stem cell inhibitor refers to, for example, 
an agent having the effect of Suppressing the proliferation of 
cancer stem cells, suppressing the metastasis or recurrence of 
cancer stem cells, killing cancer stem cells, etc. It may have 
the effect of Suppressing the proliferation of cancer cells, 
Suppressing the metastasis or recurrence of cancer cells, kill 
ing cancer cells, etc. 
0222. When used in connection with a biological activity, 
whose non-limiting examples include the proliferation or 
metastasis of cancer stem cells, the terms "suppress' and 
“Suppressing, and synonymous expressions refer to the 
down-regulation of the biological activity. This can reduce or 
eliminate a target function Such as protein production and 
phosphorylation of a molecule, etc. In a specific embodiment, 
the Suppression means a decrease in a target activity by about 
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95%. When 
used in connection with a disorder or disease, the terms refer 
to the prevention of development of a symptom, relief of a 
symptom, or Successful alleviation of a disease, condition, or 
disorder. 
0223 "Metastasis” refers to a process where cancer 
spreads or moves from the primary site to another site in the 
body, resulting in the development of similar cancer lesions at 
the new site. "Metastatic cell' or “metastasizing cell refers 
to a cell that loses the adhesive contact with adjacent cells, 
and leaves the primary site of the disease and invades a nearby 
body structure via blood or lymphatic circulation. “Recur 
rence' means that the same malignant tumor reappears in a 
remaining organ after partial resection of an organ for remov 
ing a malignant tumor from a cancer patient, or after postop 
erative chemotherapy following the resection. 

<Proteins 

0224 Proteins for use in the present invention can be eas 
ily prepared by any method known to those skilled in the art 
as follows. An expression vector containing a gene compris 
ing a DNA encoding a protein is constructed. The protein is 
produced and accumulated by culturing transformants trans 
formed with the expression vector. The transformants are 
harvested to prepare the protein. 
0225. Such an expression vector can be constructed 
according to methods known in the art, for example, by the 
following: 
(1) excising a DNA fragment that comprises a gene compris 
ing a DNA encoding a protein; and 
(2) ligating the DNA fragment downstream of a promoter in 
an appropriate expression vector. 
0226. Such vectors used include E. coli-derived plasmids 
(for example, pBR322, pBR325, puC18, and puC118), 
Bacillus subtilis-derived plasmids (for example, puB110, 
pTP5, and pC194), yeast-derived plasmids (for example, 
pSH19 and pSH15), bacteriophages such as w phage, and 
animal viruses such as retroviruses, vaccinia viruses, and 
Baculoviruses. 
0227 Promoters for use in the present invention may be 
any promoters as long as they are appropriate and compatible 
with a host to be used for gene expression. For example, when 
the host is E. coli, preferred promoters include the trp pro 
moter, lac promoter, recA promoter, WPL promoter, and lipp 
promoter. When the host is Bacillus subtilis, preferred pro 
moters include the SPO1 promoter, SPO2 promoter, and penP 
promoter. When the host is yeast, preferred promoters include 
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the PHOS promoter, PGK promoter, GAP promoter, and 
ADH promoter. When the host is an animal cell, promoters 
include the SRC. promoter, SV40 promoter, LTR promoter, 
CMV promoter, and HSV-TK promoter. 
0228. In addition to those described above, if desired, 
enhancers, splicing signals, poly-A addition signals, selec 
tion markers, SV40 replication origins, or Such known in the 
art can be added to expression vectors. As necessary, a protein 
for use in the present invention can be expressed as a fusion 
protein with another protein (for example, glutathione-S- 
transferase or Protein A). Such a fusion protein can be cleaved 
into individual proteins by using an appropriate protease. 
0229 Host cells include, for example, bacteria of the 
genus Escherichia, bacteria of the genus Bacillus, yeasts, 
insect cells, insects, and animal cells. 
0230 Specific examples of bacteria of the genus Escheri 
chia include Escherichia coli K12 DH1 (Proc. Natl. Acad. 
Sci., USA, 60, 160 (1968)), JM103 (Nucleic Acids Research, 
9, 309 (1981)), JA221 (Journal of Molecular Biology, 120, 
517 (1978)), and HB101 (Journal of Molecular Biology, 41, 
459 (1969)). 
0231 Bacteria of the genus Bacillus include, for example, 
Bacillus subtilis MI114 (Gene, 24, 255 (1983)) and 207-21 
(Journal of Biochemistry, 95, 87 (1984)). 
0232 Yeasts include, for example, Saccharomyces cerevi 
siae AH22, AH22R-, NA87-11A, DKD-5D, and 20B-12; 
Schizosaccaromyces pombe NCYC1913 and NCYC2036: 
and Pichia pastoris. 
0233 Animal cells include, for example, monkey COS-7 

cells, Vero cells, Chinese hamster CHO cells (hereinafter 
abbreviated as CHO cells), dhfr gene-deficient CHO cells, 
mouse L cells, mouse AtT-20 cells, mouse myeloma cells, rat 
GH3 cells, and human FL cells. 
0234. These host cells can be transformed according to 
methods known in the art. See, for example, the following 
references. 
Proc. Natl. Acad. Sci. USA, Vol. 69,2110 (1972); Gene, Vol. 
17, 107 (1982); Molecular & General Genetics, Vol. 168, 111 
(1979); Methods in Enzymology, Vol. 194, 182-187 (1991); 
Proc. Natl. Acad. Sci. USA), Vol. 75, 1929 (1978); and Virol 
ogy, Vol. 52,456 (1973). 
0235 Transformants thus prepared can be cultured 
according to methods known in the art. 
0236. For example, when hosts were bacteria of the genus 
Escherichia, in general, they are cultured at about 15 to 43°C. 
for about 3 to 24 hours. Aeration or stirring is performed as 
necessary. When hosts are bacteria of the genus Bacillus, in 
general, they are cultured at about 30 to 40°C. for about 6 to 
24 hours. Aeration or stirring is performed as necessary 
0237 When hosts are yeasts, in general, transformants are 
cultured at about 20° C. to 35° C. for about 24 to 72 hours in 
a medium adjusted to about pH 5 to 8. Aeration or stirring is 
performed as necessary. 
0238 When hosts are animal cells, in general, transfor 
mants are cultured at about 30° C. to 40°C. for about 15 to 60 
hours in a medium adjusted to about pH 6 to 8. Aeration or 
stirring is performed as necessary. 
0239. To isolate and purify a protein for use in the present 
invention from the above culture, for example, cells or bac 
teria are harvested after culture by a known method, and this 
is Suspended in an appropriate buffer. After disrupting the 
cells or bacteria by Sonication, lysozyme, and/or freeze-thaw 
ing, a crude protein extract is prepared by centrifugation or 
filtration. The buffer may contain protein denaturants such as 
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urea and guanidine hydrochloride, and detergents such as 
Triton X-100TM. When the protein is secreted to the culture 
medium, the Supernatant is separated from the cells or bacte 
ria after culture by a known method, and the Supernatant is 
collected. A protein contained in the resulting culture Super 
natant or extract can be purified by appropriately combining 
known isolation/purification methods. 
0240 According to known or equivalent methods, a pro 
tein prepared as described above can be arbitrarily modified 
or a polypeptide can be partially removed from the protein by 
treating the protein produced by recombinants with an appro 
priate protein modification enzyme such as trypsin and chy 
motrypsin before or after purification. 
0241 The presence of a protein for use in the present 
invention can be assessed by various binding assays, enzyme 
immunoassays using specific antibodies, etc. 

<Antibodies.> 

0242 Antibodies for use in the present invention are not 
particularly limited as long as they bind to proteins for use in 
the present invention. The antibodies may be obtained as 
polyclonal or monoclonal antibodies using known methods. 
Particularly preferred antibodies for use in the present inven 
tion include monoclonal antibodies derived from mammals 
Monoclonal antibodies derived from mammals include those 
produced by hybridomas and those produced by hosts trans 
formed with expression vectors carrying antibody genes 
using gene engineering technologies. It is preferable that 
antibodies for use in the present invention specifically bind to 
proteins for use in the present invention. 
0243 Basically, hybridomas producing monoclonal anti 
bodies can be prepared using known techniques by the fol 
lowing procedure. Specifically, immunization is carried out 
using as a sensitizing antigen a protein for use in the present 
invention according to conventional immunization methods. 
The resulting immune cells are fused with known parental 
cells by conventional cell fusion methods. Monoclonal anti 
body-producing cells are screened using conventional screen 
ing methods. More specifically, monoclonal antibodies can 
be prepared by the following procedure. 
0244. A gene sequence encoding the protein is inserted 
into a known expression vector system, and this is trans 
formed into appropriate host cells. Then, the protein is puri 
fied from the host cells or culture supernatant by known 
methods. 
0245 Next, the protein is used as a sensitizing antigen. 
Alternatively, a partial peptide of the protein is used as a 
sensitizing antigen. In this case, the partial peptide can be 
prepared by chemical synthesis based on the amino acid 
sequence of the protein according to common methods 
known to those skilled in the art. 
0246 Such a partial polypeptide of the protein has, for 
example, at least 10 or more amino acids, preferably 50 or 
more amino acids, more preferably 70 or more amino acids, 
still more preferably 100 or more amino acids, and yet more 
preferably 200 or more amino acids of the amino acid 
sequence constituting the protein, and has, for example, a 
biological activity substantially equivalent to the function of 
the protein. The C terminus of the partial peptide is generally 
a carboxyl group (-COOH) or carboxylate ( COO ); 
however, the C terminus may also be amide ( CONH2) or 
ester ( COOR). In addition, the partial peptides include 
those in which the amino group of the N-terminal methionine 
residue is protected with a protecting group, those in which a 
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glutamyl residue resulting from in vivo N-terminal cleavage 
is pyroglutamine-oxidized, those in which a Substituent 
group in the side chain of an amino acid in the molecule is 
protected with an appropriate protecting group, and conju 
gated peptides such as so-called glycopeptides linked with 
Sugar chains 
0247 Mammals that are immunized with a sensitizing 
antigen are not particularly limited, though it is preferable to 
take into consideration compatibility with the parent cell used 
for cell fusion. Thus, rodents such as mice, rats, or hamsters 
are generally selected. 
0248 Immunization of animals with a sensitizing antigen 

is performed according to known methods. For example, 
standard methods of delivering sensitizing antigen to mam 
mals involve intraperitoneal or Subcutaneous injection. More 
specifically, a sensitizing antigen is diluted to be an appropri 
ate volume with PBS (phosphate-buffered saline), physi 
ological saline, or the like. If desired, this may be mixed with 
an appropriate amount of a typical adjuvant, for example, 
Freund's complete adjuvant, made into an emulsion, and then 
administered to mammals several times every 4 to 21 days. An 
appropriate carrier may also be used for immunization with 
sensitizing antigens. 
0249. After the mammals are immunized as described 
above, an increase in the level of desired antibody in the 
serum is confirmed, immunocytes are collected from the 
mammals for cell fusion. Immunocytes that are preferably 
Subjected to cell fusion are splenocytes in particular. 
0250 Regarding the other parent cell to be fused with the 
above-mentioned immunocytes, mammalian myeloma cells 
are used. For myeloma cells, it is preferable to use various 
known cell lines, for example, P3 (P3x63 Ag8.653) (J. Immu 
nol. (1979) 123, 1548-1550), P3x63Ag8U. 1 (Current Topics 
in Microbiology and Immunology (1978) 81, 1-7), NS-1 
(Kohler, G. and Milstein, C.Eur. J. Immunol. (1976) 6, 511 
519), MPC-11 (Margulies, D. H. et al., Cell (1976) 8, 405 
415), SP2/0 (Shulman, M. et al., Nature (1978) 276, 269 
270), F0 (de St. Groth, S. F. et al., J. Immunol. Methods 
(1980)35, 1-21), S194 (Trowbridge, I. S. J. Exp. Med. (1978) 
148,313-323), and 8210 (Galfre, Get al., Nature (1979) 277, 
131-133). 
0251. In general, the above-described immunocytes and 
myeloma cells can be fused according to known methods, 
examples of which are described by Kohler and Milstein et al. 
(Kohler, G. and Milstein, C., Methods Enzymol. (1981) 73, 
3-46). 
0252 More specifically, the above-described cell fusion is 
carried out, for example, in a typical nutrient culture medium 
in the presence of a cell fusion promoting agent. For example, 
polyethylene glycol (PEG), Sendai virus (HVJ), or such can 
be used as the fusion promoting agent. If desired, adjuvants 
such as dimethylsulfoxide can additionally be used to 
increase fusion efficiency. 
0253) It is possible to arbitrarily determine the proportion 
of immunocytes and myeloma cells used. The preferred ratio 
of myeloma cells to immunocytes is, for example, from 1:1 to 
1:10. The culture medium used for the above-described cell 
fusion may be, for example, RPMI1640 medium, MEM 
medium, which are suitable for proliferation of the above 
described myeloma cell lines, or other kinds of culture 
medium commonly used for culturing such cells. Further 
more, serum Supplements such as fetal calf serum (FCS) may 
be used in combination. 
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0254 The cell fusion is carried out by thoroughly mixing 
prescribed amounts of the above-described immunocytes and 
myeloma cells in the aforementioned culture medium, adding 
to the medium a PEG solution preheated to about 37° C. 
generally at a concentration of 30% to 60% (w/v), wherein the 
PEG has an average molecular weight of about 1,000 to 
6,000, for example, and mixing them to form the desired 
fusion cells (hybridomas). An appropriate culture medium is 
then Successively added. Cell fusing agents and Such that are 
undesirable for the proliferation of hybridomas are removed 
by repeatedly removing the Supernatant by centrifugation. 
0255. The hybridomas obtained in this manner are 
selected by culturing them in a common selection culture 
medium, for example, the HAT medium (a culture medium 
containing hypoxanthine, aminopterin, and thymidine). Cul 
ture in the HAT medium described above is continued for a 
sufficient time, usually from a few days to a few weeks, to 
allow death of all cells but the target hybridomas (the non 
fused cells). The usual limiting dilution method is then per 
formed to Screen and clone hybridomas producing antibodies 
used the present invention. 
0256 In addition to methods obtaining the above-de 
scribed hybridomas by immunizing non-human animals with 
an antigen, desired human antibodies having an activity of 
binding to the protein can also be obtained by in vitro sensi 
tizing human lymphocytes with the protein and fusing the 
sensitized lymphocytes with human-derived myeloma cells 
having permanent cell division ability (see Japanese Patent 
Application Kokoku Publication No. (JP-B) H01-59878 (ex 
amined, approved Japanese patent application published for 
opposition)). Furthermore, human antibodies against a pro 
tein may be obtained from immortalized antibody-producing 
cells that are prepared by administering the protein as an 
antigen to a transgenic animal having a full repertoire of 
human antibody genes (see, International Patent Applications 
WO 94/25585, WO 93/12227, WO 92/03918, and WO 
94/02602). 
0257 There are known techniques for obtaining human 
antibodies by panning using a human antibody library. For 
example, the V regions of human antibodies can be expressed 
as single-chain antibodies (ScPVs) on the Surface of phages 
using a phage display methods, from which phages present 
ing schv that binds to an antigen can be selected. The DNA 
sequences encoding the V regions of human antibodies that 
bind to the antigen can be determined by analyzing the genes 
of selected phages. After identifying the DNA sequences of 
ScFVS that bind to the antigen, the V region sequences are 
fused in frame with the C region sequences of a desired 
human antibody. Then, the resulting DNA is inserted into an 
appropriate expression vector to construct an expression vec 
tor. The expression vector is introduced into suitable cells for 
expression, such as those described above. The human anti 
body can be obtained by expressing the gene encoding the 
human antibody. These methods are already known (see WO 
1992/001047, WO 1992/020791, WO 1993/006213, WO 
1993/01 1236, WO 1993/019172, WO 1995/001438, and WO 
1995/015388). 
0258. The hybridomas prepared in this manner that pro 
duce monoclonal antibodies can be passaged in a common 
culture medium and stored for a long time in liquid nitrogen. 
0259 Monoclonal antibodies may be obtained from the 
hybridomas using common techniques; for example, the 
hybridomas are cultured according to standard methods and 
the antibodies may be obtained from the culture supernatants. 
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Alternatively, the hybridomas are administered to a compat 
ible mammal for proliferation and then the antibodies may be 
obtained from the ascites fluid. The former method is suitable 
for obtaining highly pure antibodies, while the latter method 
is suitable for mass production of antibodies. 
0260 Monoclonal antibodies used in the present invention 
may be recombinant antibodies produced by genetic engi 
neering techniques. They can be produced, for example, by 
cloning an antibody gene from a hybridoma, incorporating 
the antibody gene into an appropriate vector, and introducing 
the resulting vector into a host (see, for example, Vandamme, 
A. M. et al., Eur. J. Biochem. (1990) 192, p. 767-775, 1990). 
0261 Specifically, mRNAs encoding antibody variable 
(V) regions are isolated from hybridomas producing the anti 
bodies. mRNAs can be isolated by preparing total RNAs 
using known methods, for example, guanidine-ultracentrifu 
gation method (Chirgwin, J. M. et al., Biochemistry (1979) 
18,5294-5299), AGPC method (Chomczynski, P. et al., Anal. 
Biochem. (1987) 162, 156-159), or such. mRNAs of interest 
are prepared using the mRNA Purification Kit (Pharmacia) or 
such. The mRNAs can be prepared directly by using the 
QuickPrep mRNA Purification Kit (Pharmacia). 
0262 The obtained mRNAs are used to synthesize cDNAs 
of the antibody V regions using reverse transcriptase. cDNAs 
are synthesized using the AMV Reverse Transcriptase First 
strand cDNA Synthesis Kit (Seikagaku Co.) or such. Alter 
natively, cDNA may be synthesized and amplified following 
the 5'-RACE method (Frohman, M.A. et al., Proc. Natl. Acad. 
Sci. USA (1988)85,8998-9002: Belyaysky, A. et al., Nucleic 
Acids Res. (1989) 17, 2919-2932) using the 5'-Ampli 
FINDER RACE Kit (Clontech) and PCR, and such. 
0263. DNA fragments of interest are purified from the 
resulting PCR products, and ligated to vector DNAs. From 
this, a recombinant vector is produced. The recombinant vec 
tor is then introduced into E. coli or such, and the desired 
recombinant vector is prepared from a selected colony. The 
nucleotide sequences of DNAs of interest are then determined 
by known methods, for example, the dideoxynucleotide chain 
termination method. 
0264 ADNA encoding the antibody V region of interest is 
obtained, and then incorporated into an expression vector 
carrying a DNA that encodes a desired antibody constant 
region (C region). 
0265. To produce an antibody used in the present inven 

tion, the antibody gene is incorporated into an expression 
vector so that the gene will be expressed under the control of 
an expression regulatory region, for example, an enhancer 
and a promoter. Then, host cells are transformed with the 
resulting expression vector to express the antibody. 
0266. When expressing antibody genes, a DNA encoding 
an antibody heavy chain (H chain) or light chain (L chain) can 
be each separately incorporated into an expression vector to 
simultaneously transform the host cell, or alternatively DNAS 
encoding H and L chains can be incorporated into a single 
expression vector to transform the host cells (see, WO 
94/11523). 
0267 Besides the above-described host cells, transgenic 
animals can also be used to produce recombinant antibodies. 
For example, an antibody gene is prepared as a fusion gene by 
inserting the antibody gene into a gene encoding a protein that 
is specifically produced in milk, Such as goat casein. DNA 
fragments containing the fusion gene to which the antibody 
gene has been inserted is injected into goat embryos, which 
are then introduced into female goats. The desired antibody is 
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then obtained from the milk produced by the transgenic goats, 
which are born from the goats that received the embryos, or 
from their offspring. Hormones may be suitably given to the 
transgenic goat to increase the production of milk containing 
the antibody of interests (Ebert, K. M. et al., Bio/Technology 
(1994) 12, 699-702). 
0268. In the present invention, in addition to the antibodies 
described above, artificially modified genetically-recombi 
nant antibodies such as chimeric, humanized, and human 
antibodies can be used to reduce heterologous antigenicity 
against humans and Such. Such modified antibodies can be 
produced using known methods. Monoclonal antibodies of 
the present invention include not only those derived from 
animals described above but also artificially modified geneti 
cally-recombinant antibodies such as chimeric antibodies, 
humanized antibodies, and bispecific antibodies. 
0269. A chimeric antibody can be obtained by linking a 
DNA encoding the antibody V region obtained as described 
above to a DNA encoding the human antibody C region, 
incorporating this into an expression vector, and then intro 
ducing it into a host for production. Useful chimericantibod 
ies can be obtained using this known method. 
0270 Humanized antibodies are also referred to as 
“reshaped human antibodies', which are antibodies obtained 
by grafting the complementarity determining regions (CDRS) 
of an antibody from a non-human mammal (e.g., mouse anti 
body) to the complementarity determining regions of a 
human antibody. General gene recombination procedures are 
also known (see, European Patent Application Publication 
No. EP 125023: International Patent Application Publication 
No. WO 96/02576). 
0271 Specifically, a DNA sequence designed to link a 
mouse antibody CDR to the framework region (FR) of a 
human antibody is synthesized by PCR, using as primers 
several oligonucleotides prepared to contain overlapping por 
tions in both CDR and FR terminal regions (see methods 
described in WO 98/13388). 
0272. The human antibody framework region to be linked 
via CDR is selected such that complementarity determining 
region forms a favorable antigen-binding site. As necessary, 
amino acids of the framework region in the antibody variable 
region may be substituted so that the complementarity deter 
mining region of the reshaped human antibody forms a Suit 
able antigen-binding site (Sato, K. et al., 1993, Cancer Res. 
53, 851-856). 
0273 Human antibody C-regions are used as the C-re 
gions of chimeric antibodies or humanized antibodies. For 
example, CH1, CH2, CH3, and CH4 can be used for the H 
chain, while CK and CW can be used for the L chain. The 
human antibody C-region may be modified in order to 
improve stability of the antibody or its production. 
0274. A chimeric antibody is composed of the variable 
region of an antibody derived from a non-human mammal 
and the constant region derived from a human antibody. On 
the other hand, a humanized antibody is composed of the 
complementarity determining region of an antibody derived 
from a non-human mammal, and the framework region and C 
region derived from a human antibody. Since the antigenicity 
of humanized antibodies is low in the human body, and 
humanized antibodies are useful as an active ingredient in 
therapeutic agents of the present invention. 
0275 Antibodies used in the present invention are not 
limited to whole antibody molecules, and as long as they bind 
to proteins used in the present invention, antibody fragments 
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and modification products thereof as well as divalent and 
monovalent antibodies are also included. Antibody fragments 
include, for example, Fab, F(ab')2, Fv, Fab/c having an Fab 
and the whole Fc, single chain Fv (sclv) in which Fv frag 
ments from H and L chains are ligated via an appropriate 
linker, and Diabody. Specifically, antibody fragments are pre 
pared by treating antibodies with an enzyme, for example, 
papain or pepsin. Alternatively, after genes encoding Such 
antibody fragments are constructed and introduced into an 
expression vector, the antibody fragments are expressed in 
appropriate host cells using the vector (see, for example, Co. 
M.S. et al., J. Immunol. (1994) 152,2968-2976: Better, M. & 
Horwitz, A. H. Methods in Enzymology (1989) 178,476-496, 
Academic Press, Inc.; Plueckthun, A. & Skerra, A. Methods 
in Enzymology (1989) 178, 476–496, Academic Press, Inc.; 
Lamoyi, E., Methods in Enzymology (1989) 121, 652-663: 
Rousseaux, J. et al., Methods in Enzymology (1989) 121, 
663-669; Bird, R. E. et al., TIBTECH (1991) 9, 132-137). 
0276 scFv is obtained by ligating antibody H-chain V 
region with an antibody L-chain V region. In this sclv, the 
H-chain and L-chain V regions are ligated via a linker, pref 
erably via a peptide linker (Huston, J. S. et al., Proc. Natl. 
Acad. Sci. U.S.A. (1988) 85, 5879-5883). The H-chain V 
region and L-chain V region of an ScFv may be derived from 
any of the antibodies described herein. For example, any 
single-chain peptides consisting of 12 to 19 amino acid resi 
dues such as (GGGGS)n may be used as a peptide linker for 
ligating the V regions. 
(0277. A DNA encoding an scFv can be obtained by using, 
among DNAs encoding the antibody H chain or H chain V 
region and the antibody L chain or L chain V region men 
tioned above, all or DNA portion encoding amino acid 
sequence of interest as a template, amplifying by PCR using 
a primer pair that defines its two ends; and then carrying out 
a Subsequent amplification using a combination of a DNA 
encoding the peptide linker portion, and primer pairs that 
define both ends of the linker DNA to be ligated to the H chain 
and L chain, respectively. 
0278. Once DNAs encoding schvs are constructed, 
expression vectors carrying the DNAS and hosts transformed 
with the expression vectors can be obtained according to 
conventional methods. Furthermore, scFVs can be obtained 
using these hosts according to conventional methods. 
0279 Diabodies are dimers formed by linking two frag 
ments (for example, ScPV) in which a variable region is linked 
to another variable region via a linker or such, and typically 
have two VLs and two VHs (P. Holliger et al., Proc. Natl. 
Acad. Sci. USA, 90, 6444-6448 (1993); EP 404097; WO 
93/11161; Johnson et al., Method in Enzymology, 203, 88-98, 
(1991); Holliger et al., Protein Engineering, 9, 299-305 
(1996); Perisic et al., Structure, 2, 1217-1226 (1994); Johnet 
al., Protein Engineering, 12(7), 597-604 (1999); Holliger et 
al., Proc. Natl. Acad. Sci. USA., 90, 6444-6448 (1993); 
Atwell et al., Mol. Immunol. 33, 1301-1312 (1996); and 
Such). 
0280. These antibody fragments can be produced, in a 
similar manner as described above, by obtaining their genes 
and expressing them in hosts. Herein, “antibody’ comprises 
Such antibody fragments. 
0281. As modified antibodies, antibodies of the present 
invention linked to various molecules Such as polyethylene 
glycol (PEG) may be used. Moreover, antibodies can also be 
linked to radioisotopes, chemotherapeutic agents, cytotoxic 
Substances such as bacteria-derived toxins, or such. Herein, 
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“antibody' includes such modified antibodies. Modified anti 
bodies can be obtained by chemically modifying the prepared 
antibodies. Such antibody modification methods are already 
established in the art. 

0282. Furthermore, antibodies used in the present inven 
tion may be bispecificantibodies. Bispecific antibodies of the 
present invention may be those having antigen-binding sites 
that each recognizes different epitopes in the protein used in 
the present invention or those which recognize the protein 
used in the present invention and a different protein. Alterna 
tively, bispecific antibodies of the present invention may be 
those in which one antigen-binding domain recognizes the 
protein used in the present invention and the other recognizes 
a chemotherapeutic agent or a cytotoxic Substance Such as a 
cell-derived toxin. In this case, proliferation of cancer stem 
cells can be Suppressed by allowing a cytotoxic Substance to 
act directly on cancer stem cells expressing a protein used in 
the present invention and specifically damaging the cancer 
stem cells. It is also possible to use bispecific antibodies in 
which one antigen-binding domain recognizes a molecule 
that constitutes the T cell receptor complex such as CD3. 
expressing on cytotoxic T cells, and the other recognizes an 
epitope in the protein of any one of SEQID NOs: 1 to 8 of the 
present invention. The bispecific antibodies may be prepared 
by linking pairs of Hand L chains from two types of antibod 
ies, or by fusing hybridomas that produce different mono 
clonal antibodies to yield a fusion cell producing bispecific 
antibodies. Furthermore, the bispecific antibodies can be pre 
pared using genetic engineering techniques. 
0283 Antibody genes constructed as described above can 
be expressed and obtained according to known methods. 
When mammalian cells are used, antibody genes can be 
expressed using a DNA in which a common useful promoter, 
an antibody gene to be expressed, and a polyA signal posi 
tioned downstream of the antibody gene on the 3' side are 
operably linked Promoter/enhancer includes, for example, 
human cytomegalovirus immediate early promoter/enhancer. 
0284. Furthermore, other promoter/enhancers that can be 
used to express the antibody used in the present invention 
include viral promoter/enhancers of retroviruses, polyoma 
viruses, adenoviruses, simian virus 40 (SV40), and such; and 
mammalian cell-derived promoter/enhancers such as human 
elongation factor 1C.. (HEF1C). 
(0285. When SV40 promoter/enhancer and HEF1C. pro 
moter/enhancer is used, gene expression can be easily carried 
out by the method of Mulligan et al. (Nature (1979)277, 108) 
and the method by Mizushima et al. (Nucleic Acids Res. 
(1990) 18, 5322), respectively. 
0286 Replication origin derived from SV40, polyoma 
viruses, adenoviruses, bovine papilloma viruses (BPV), and 
Such can be used. Furthermore, to increase the gene copy 
number in a host cell System, the expression vector may 
include, as a selection marker, the aminoglycoside transferase 
(APH) gene, thymidine kinase (TK) gene, E. coli Xanthine 
guanine phosphoribosyltransferase (Ecogpt) gene, dihydro 
folate reductase (dhfr) gene, and such. 
0287. In the case of E. coli, the antibody gene can be 
expressed by an operably linked common useful promoter, a 
signal sequence for antibody Secretion, and the antibody gene 
to be expressed. Such promoters include, for example, the 
lacz promoter and araB promoter. When the lacz promoter or 
araB promoter is used, the gene can be expressed by the 
method of Ward et al. (Nature (1098) 341, 544-546; FASEB 
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J. (1992) 6,2422-2427) or the method of Betteret al. (Science 
(1988) 240, 1041-1043), respectively. 
0288 When an antibody is produced into the periplasm of 
E. coli, the pel B signal sequence (Lei, S. P. et al., J. Bacteriol. 
(1987) 169, 4379) may be used as a signal sequence for 
antibody secretion. After antibodies produced into the peri 
plasm is separated, the antibody structure is appropriately 
refolded and then used. 
0289 Any expression system that uses, for example, 
eukaryotic cells or prokaryotic cells may be used to produce 
antibodies used in the present invention. Eukaryotic cells 
include, for example, animal cells Such as established mam 
malian cell systems, insect cell systems, cells of filamentous 
fungi, and yeast cells. Prokaryotic cells include, for example, 
bacterial cells such as E. coli cells. Antibodies used in the 
present invention are preferably expressed in mammalian 
cells, for example, CHO, COS, myeloma, BHK, Vero, and 
HeLa cells. 
0290 Then, transformed host cells are cultured in vitro or 
in vivo to produce antibodies of interest. Host cells are cul 
tured according to known methods. For example, DMEM, 
MEM, RPMI1640, or IMDM may be used as a culture 
medium, and this may also be used with serum Supplements 
such as fetal calf serum (FCS). 
0291 Antibodies expressed and produced as described 
above can be isolated from cells or host animals and purified 
to be homogeneous. Antibodies used in the present invention 
can be isolated/purified by using affinity columns. For 
example, Protein A columns include Hyper D, POROS, and 
Sepharose F. F. (Pharmacia). It is also possible to use other 
common protein isolation/purification methods. Such meth 
ods are not particularly limited. For example, antibodies may 
be isolated/purified by appropriately selecting/combining 
chromatography columns other than the above-described 
affinity columns, filters, ultrafiltration, salting-out, dialysis, 
and such (Antibodies A Laboratory Manual. Ed Harlow, 
David Lane, Cold Spring Harbor Laboratory, 1988). 
0292. The antigen-binding activity (Antibodies A Labora 
tory Manual. Ed Harlow, David Lane, Cold Spring Harbor 
Laboratory, 1988) and ligand-receptor binding-inhibitory 
activity (Harada, A. et al., International Immunology (1993) 
5, 681-690) of an antibody used in the present invention can 
be determined by using known methods. 
0293 Enzyme-linked immunosorbent assays (ELISAs), 
enzyme immunoassays (EIAS), radioimmunoassays (RIAS), 
and fluorescent antibody methods can be used to determine 
the antigen-binding activity of the antibody of the present 
invention. For example, when an enzyme immunoassay is 
used, samples containing an antibody of the present invention 
Such as a culture Supernatant of cells producing the antibody 
or the purified antibody are added to plates coated with a 
protein used in the present invention. A secondary antibody 
labeled with an enzyme such as alkaline phosphatase is 
added, and the plates are incubated. After washing, an 
enzyme Substrate Such as p-nitrophenyl phosphate is added 
and the absorbance is measured to evaluate the antigen-bind 
ing activity. 
0294. An antibody used in the present invention may 
appropriately be linked to a cytotoxic Substance described 
above such as a proliferation inhibitor, toxic peptide, or radio 
active chemical substance. Such modified antibodies (here 
inafter referred to as antibody conjugates) can be obtained by 
chemically modifying the obtained antibodies. Specifically, a 
linker molecule links a growth inhibitor to an antibody via 
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chemical bonding so that the antibody and growth inhibitor or 
cytotoxic Substance can chemically conjugate with each other 
(for example, can bind covalently). Preferred binders (link 
ers) are cleavable linkers. It is more preferable that the linkers 
are cleaved under mild conditions (specifically, intracellular 
conditions that do not affect the activity of inhibitors). 
Examples of suitable cleavable linkers include disulfide link 
ers, acid-labile linkers, photo-labile linkers, peptidase-labile 
linkers, and esterase-labile linkers. Disulfide-containing link 
ers can be cleaved via disulfide exchange, which can occur 
under physiological conditions. Acid-labile linkers can be 
cleaved at acid pH. For example, certain intracellular com 
partments such as endosomes and lysosomes have an acidic 
pH (pH 4 to 5), and provide conditions suitable for cleaving 
acid-labile linkers. Photo-labile linkers are useful on the body 
Surface and in many body cavities, which can be exposed to 
light. Furthermore, infrared light can penetrate tissues. Pep 
tidase-labile linkers can be used to cleave certain peptides 
inside or outside cells (for example, see Trouet et al., Proc. 
Natl. Acad. Sci. USA (1982) 79, 626–629; Umemoto et al., 
Int. J. Cancer (1989) 43, 677-684). 
0295 Such modified antibodies can be prepared not only 
by chemical modification as described above, but also in a 
molecular form such as a bispecific antibody designed to 
recognize a growth inhibitor, toxic peptide, radioactive 
chemical Substance, or the like using genetic recombination 
techniques. “Antibody” of the present invention also com 
prises Such antibodies. 
0296. Examples of modified antibodies that are provided 
by the present invention also include those modified with a 
toxic peptide such as ricin, abrin, ribonuclease, onconase, 
DNase I, Staphylococcal enterotoxin-A, pokeweed antiviral 
protein, gelonin, diphtheria toxin, Pseudomonas exotoxin, 
Pseudomonas endotoxin, L-asparaginase, or PEG L-Aspara 
ginase. In another embodiment, antibodies may be modified 
by the combined use of one or more growth inhibitors and 
toxic peptides. As described above, the linkage between the 
antibody of the present invention that binds to at least one 
protein described in SEQ ID NOs: 1 to 8 and an above 
described growth inhibitor, toxic peptide, or radioactive 
chemical Substance may be a covalent or non-covalent bond. 
Methods for preparing modified antibodies linked to such 
chemotherapeutic agents are known. 
0297 Furthermore, proteinaceous pharmaceutical agents 
and toxins can be linked to an antibody by using a genetic 
engineering procedure. Specifically, for example, a recombi 
nant vector into which a DNA encoding a toxic peptide 
described above and a DNA encoding an antibody that binds 
to any of proteins of at least one of SEQID NOs: 1 to 8 of the 
present invention are fused in frame and incorporated into an 
expression vector is constructed. Transformed cells obtained 
by introducing the vector into appropriate host cells are cul 
tured to express the incorporated DNA. The modified anti 
body linked to the toxic peptide is obtained as a fusion pro 
tein. When a fusion protein with an antibody is prepared, in 
general, a proteinaceous pharmaceutical agent or toxin is 
placed at the C terminus of the antibody. A peptide linker may 
be interposed between the antibody and a proteinaceous phar 
maceutical agent or toxin. 
0298 Antibodies used in the present invention may have a 
cytotoxic activity. Herein, the cytotoxic activity includes, for 
example, complement-dependent cytotoxicity (CDC) and 
antibody-dependent cell-mediated cytotoxicity (ADCC). 
Herein, CDC refers to a cytotoxic activity mediated by the 
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complement system, while ADCC refers to an activity of 
damaging target cells, which is caused by binding of Fcy 
receptor-carrying cells (immunocytes, etc.) via Fcy receptor 
to the Fc portion of specific antibody upon binding of the 
antibody to cell-surface antigens on target cells. 
0299. Whether an antibody used in the present invention 
has ADCC or CDC can be measured by known methods (see, 
for example, Current protocols in Immunology, Chapter 7. 
Immunologic studies in humans, Editor, John E. Coligan et 
al., John Wiley & Sons, Inc., (1993)). 
0300 Specifically, cytotoxicity can be measured, for 
example, by the following method. 
0301 Preparation of Effector Cells 
0302 Spleen is removed from a CBA/N mouse or the like, 
and spleen cells are dispersed in RPMI1640 medium 
(GIBCO). After washing with the same medium containing 
10% fetal bovine serum (FBS, HyClone), effector cells with 
a cell concentrationadjusted to 5x10 cells/ml were prepared. 
0303 Preparation of Complement Solution 
0304 Baby Rabbit Complement (CEDARLANE) is 
diluted 10-fold with a medium (GIBCO) containing 10% 
FBS to prepare a complement solution. 
0305 Preparation of Target Cells 
0306 Cells expressing a protein used in the present inven 
tion (cancer stem cells, etc.) are radiolabeled by incubating 
them with 0.2 mCi of 'Cr-sodium chromate (Amersham 
Pharmacia Biotech) in DMEM medium containing 10% FBS 
for one hour at 37°C. After radiolabeled, the cells are washed 
three times with RPMI1640 medium containing 10% FBS, 
and the target cells with a cell concentrationadjusted to 2x10 
cells/ml were prepared. 
0307 ADCC Measurement 
0308 50 ul the target cells and 50 ul of the antibody used 
in the present invention are each added to a 96-well U-bottom 
plate (Becton Dickinson), and reacted for 15 minutes on ice. 
Thereafter, 100 ul of effector cells are added and incubated in 
a carbon dioxide incubator for four hours. The final antibody 
concentration is adjusted to 0 or 10 ug/ml. After incubation, 
100 ul of the supernatant is collected and the radioactivity is 
measured with a gamma counter (COBRAIIAUTO-GMMA, 
MODEL D5005, Packard Instrument Company). The cyto 
toxic activity (%) can be calculated according to: 

A represents the radioactivity (cpm) of each sample, B rep 
resents the radioactivity (cpm) of a sample where 1% NP-40 
(nacalai tesque) has been added, and C represents the radio 
activity (cpm) of a sample containing the target cells alone. 
0309 CDC Measurement 
0310 50 ul of the target cells and 50 ul of the antibody used 
in the present invention are each added to a 96-well flat 
bottom plate (Becton Dickinson), and reacted for 15 minutes 
on ice. Thereafter, 100 ul of the complement solution is 
added, and incubated in a carbon dioxide incubator for four 
hours. The antibody final concentration is adjusted to 0 or 3 
ug/ml. After incubation, 100 ul of the supernatant is collected 
to measure the radioactivity with a gamma counter. The cyto 
toxic activity can be calculated by the similar way as in the 
ADCC determination. 
0311 Antibodies with modified sugar chains can appro 
priately be used in the antibodies provided by the present 
invention. It is known that cytotoxic activity of antibodies can 
be increased by modifying its Sugar chains. Known antibod 
ies with modified Sugar chains include, for example: 
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0312 glycosylated antibodies (WO 1999/054342 and 
Such); 
0313 antibodies with defucosylated sugar chain (WO 
2000/061739, WO 2002/031140, and such); and 
0314 antibodies having a Sugar chain with bisecting 
GlcNAc (bisecting N-acetylglucosamine) (WO 2002/ 
079255). 
0315 Antibodies of the present invention preferably 
include antibodies with modified Sugar chains whose Sugar 
chain composition has been altered to increase the ratio of 
defucosylated antibody or to increase the ratio of antibody 
attached with bisecting N-acetylglucosamine. 
0316 Antibodies having a neutralizing activity can also be 
used appropriately in the present invention. In general, “neu 
tralizing activity” refers to the activity of a foreign molecule 
Such as a toxin or virus, or an internal molecule Such as a 
hormone or cytokine to inhibit a ligand’s biological activity 
on cells. Specifically, Substance having a neutralizing activity 
refers to a Substance that binds to a ligand or a receptor to 
which the ligand binds, thereby inhibiting the ligand-receptor 
binding. The receptor whose ligand binding is inhibited by 
the neutralizing activity cannot exert their receptor-mediated 
biological activity. When the antigen-binding molecule is an 
antibody, in general. Such an antibody with a neutralizing 
activity is called a neutralizing antibody. The neutralizing 
activity of a test Substance can be assessed by comparing 
biological activities in the presence of a ligand, in the condi 
tion of when the test Substance is present or not present. 
0317 EREG, which is a target of EP27 antibody described 
later on in the Examples, is exemplified below. EGF receptor, 
which is believed to be a main receptor for the EREG repre 
sented by SEQID NO:3, dimerizes upon ligand binding and 
activates its own cytoplasmic tyrosine kinase domain. The 
activated tyrosine kinase causes a peptide having phosphoty 
rosine by autophosphorylation, which allows association of 
various signal transduction accessory molecules. The mol 
ecules are mainly phospholipase Cy (PLCY), Shc, Grb2, and 
such. Of these accessory molecules, the former two are fur 
ther phosphorylated by the tyrosine kinase of the EGF recep 
tor. The main signaling pathway from the EGF receptor is the 
one in which phosphorylation occurs in order of Shc, Grb2, 
Sos, Ras, and Raf MAPK kinase/MAP kinase. It is believed 
that there is also an alternative pathway from PLCY to PKC. 
Since such intracellular signal cascades vary depending on 
cell type, a target molecule can appropriately be selected for 
each target cell type of interest and is not limited to the factors 
described above. It is possible to use an appropriate in vivo 
signal activation assay kit available on the market (for 
example, protein kinase C activation measurement system 
(GE Healthcare Bioscience, etc.)). 
0318. Alternatively, the in vivo signal activation can be 
detected by using as an indicator the transcriptional induction 
of a target gene downstream in the in vivo signal cascade. 
Changes in the transcriptional activity can be detected based 
on the principle of reporter assay. Specifically, a reporter gene 
such as GFP (Green Fluorescence Protein) or luciferase is 
placed downstream of the transcriptional factor or promoter 
region of the target gene. A change in the transcriptional 
activity can be determined as reporter activity by measuring 
the reporter activity. 
0319. In addition, the EGF receptor typically functions to 
promote cell proliferation, and thus the activation of in vivo 
signal transduction can be assessed by measuring the prolif 
erative activity of the target cell. In the present invention, the 
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neutralizing activities of neutralizing antibodies of the 
present invention are assessed by measuring the cell prolif 
erative activity. However, methods are not limited thereto, 
and methods described above can suitably be used to assess 
the activity depending on the type of selected target cells. 
0320 Specifically, the neutralizing activity of an anti 
EREG antibody can be assessed or determined by measuring 
the cell proliferative activity, for example, using the method 
described below. For example, the method where the incor 
poration of H-labeled thymidine, which is added to a cul 
ture medium, into viable cells is measured as an indicator for 
the DNA replication ability is used. 
0321 Simpler methods include the MTT method and dye 
exclusion tests in which the ability of cells to exclude dyes 
Such as Trypan Blue outside is measured under a microscope. 
The MTT method utilizes the ability of viable cells to convert 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide), a tetrazolium salt, into a blue formazan product. 
More specifically, the MTT method is performed as follows: 
a test antibody is added to a culture medium containing test 
cells; after a certain period, an MTT solution is added to the 
culture medium; the mixture is allowed to stand for a certain 
period so that MMT is incorporated into the cells. As a result, 
a yellow compound MTT is converted into a blue compound 
by Succinate dehydrogenase in cytoplasmic mitochondria. 
After the blue product is dissolved for color development, the 
absorbance is measured as an indicator for the viable cell 
COunt. 

0322. In addition to MTT, other commercially available 
reagents such as MTS, XTT, WST-1, and WST-8 (nacalai 
tesque, etc.) can preferably be used. There are also known 
methods for assessing the cell proliferative activity using as 
an indicator an intracellular ATP content or impedance of cell 
culture. When assessing the activity, a control antibody that is 
of the same isotype as the anti-EREG antibody of interest but 
does not have the neutralizing activity is used in the same 
manner as for the anti-EREG antibody. The activity can be 
assessed whether the anti-EREG antibody exhibits the neu 
tralizing activity greater than that of the control antibody. 
0323 Cells whose proliferation is inhibited by the anti 
EREG antibody are not particularly limited, as long as they 
express EREG protein. Examples of preferred EREG-ex 
pressing cells include cancer cells. Specifically, cells derived 
from colorectal cancer, lung adenocarcinoma, pancreatic 
cancer, stomach cancer, or kidney cancer are preferable 
EREG-expressing cells in the present invention. A cell pro 
liferation-inhibitory effect against both primary and meta 
static lesions of all these cancers can be achieved by the 
present invention. More preferred cancer cells include those 
of primary colorectal cancer, metastatic colorectal cancer, 
lung adenocarcinoma, pancreatic cancer, Stomach cancer, and 
kidney cancer. Thus, anti-EREG antibodies can be used to 
treat/prevent diseases caused by cell proliferation, for 
example, colorectal cancer, lung adenocarcinoma, pancreatic 
cancer, stomach cancer, and kidney cancer. These cancers can 
be targets of treatment or prevention, regardless of primary or 
metastatic lesions. More preferably, anti-EREG antibodies 
are used to treat and/or prevent primary colorectal cancer, 
metastatic colorectal cancer, and pancreatic cancer. Further 
more, among these cancers, those which grow in an EREG 
dependent manner are preferred as a target of treatment and/ 
or prevention in the present invention. 
0324. In the description and Tables herein, when nucle 
otides and amino acids are represented by abbreviations, 
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these abbreviations are based on the abbreviations by IUPAC 
IUB Commission on Biochemical Nomenclature, or the con 
ventional abbreviations in the art. Regarding amino acids, 
when an optical isomer exists, it represents L form, unless 
otherwise specified. 

<Cancer Stem Cell Inhibitors of the Present Invention> 

0325 The effective dosage of cancer stem cell inhibitors 
of the present invention is selected within the range of 0.001 
to 1,000 mg/kg weight for each administration. Alternatively, 
the dosage may be selected within the range of 0.01 to 100, 
000 mg/body for each patient. However, the dosage of the 
inhibitors of the present invention is not limited to these 
doses. Meanwhile, with respect to the timing of administra 
tion, an inhibitor of the present invention may be adminis 
tered before or after manifestation of clinical symptoms of 
diseases. The inhibitors of the present invention can be for 
mulated according to conventional methods (Remington's 
Pharmaceutical Science, latest edition, Mark Publishing 
Company, Easton, US), and may contain both pharmaceuti 
cally acceptable carriers and additives. Such carriers and 
medical additives include, for example, water, pharmaceuti 
cally acceptable organic solvents, collagen, polyvinyl alco 
hol, polyvinylpyrrolidone, carboxyvinyl polymer, carboxym 
ethylcellulose sodium, Sodium polyacrylate, sodiumalginate, 
water-soluble dextran, carboxymethyl starch sodium, pectin, 
methyl cellulose, ethyl cellulose, Xanthan gum, gum arabic, 
casein, agar, polyethylene glycol, diglycerin, glycerin, pro 
pylene glycol, Vaseline, paraffin, Stearyl alcohol, Stearic acid, 
human serum albumin (HSA), mannitol, Sorbitol, lactose, and 
Surfactants that are acceptable as a medical additive. In prac 
tice, additives are selected alone or in appropriate combina 
tion from those listed above depending on the dosage form of 
an inhibitor of the present invention; but are not limited 
thereto. For example, when used as a preparation for injec 
tion, it can be used in a form in which the inhibitor is dissolved 
in a medium Such as physiological Saline, buffer, or glucose 
solution and an adsorption inhibitor such as Tween80, 
Tween20, gelatin, or human serum albumin is added; alter 
natively, the inhibitor of the preset invention may be in a 
lyophilized form for dissolution and reconstitution before 
use. As excipients for lyophilization, for example, Sugar alco 
hols and saccharides such as mannitol and glucose can be 
used. The inhibitors of the present invention are generally 
administered by a parenteral route, for example, via injection 
(Subcutaneous, intravenous, intramuscular, intraperitoneal, 
etc.), transdermal, transmucosal, intranasal, or pulmonary 
administration; however, the inhibitor can be administered 
orally. 
0326. Herein, “combined use” of a cancer stem cell inhibi 
tor and an anti-cancer agent means that these agents may be 
administered at the same time or in Succession; alternatively, 
one is administered at an interval after administration of the 
other. 
0327. Herein, cancer stem cell inhibitors can be used as 
various embodiments such as, for example, prevention of 
cancer recurrence, Suppression of cancer recurrence, preven 
tion of cancer metastasis, Suppression of cancer metastasis, 
and adjuvant therapy for preventing postoperative recurrence 
for application. When used in the above-described embodi 
ments, any cancer stem cell inhibitor can be used as a cancer 
stem cell inhibitor of the present invention. However, non 
limiting preferred examples include agents for inhibiting can 
cer stem cell proliferation or agents for disrupting cancer 
































































