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DESCRIPTION

METHOD FOR SEARCHING AND SCREENING FOR TARGET OF ANTI-CANCER
AGENT USING NON-HUMAN ANIMAL MODEL HAVING NOG ESTABLISHED CANCER
CELL LINE TRANSPLANTED THEREIN

Technical Field

The present invention relates to non-human animal models of cancer pathology, which

mimic the hierarchical organization of human cancer tissues with cancer stem cells at the top of
the hierarchy, reproduce the cancer progression process, and enable assessment of their
biological properties. The present invention also relates to methods of screening for anti-cancer
agents and methods for assessing the pharmacological effects of test substances, which use the
non-human animal model or an in vitre culture system of an NOG-established cancer cell line,
which is established by transplanting human tumor tissues into severely-immunodeficient
NOD/SCID/gamma(cHnull} (NOG) nrice,

Backeround Art

Human tumor cells show various tissue structures, and such tissues are known to have a
hierarchical organization with cancer stem cells at the top of the hierarchy (Non-patent
Document 1). For example, it is known that colon cancer is roughly subdivided into two layers:
first an area with differentiated colon epithelium-like cells having a glandular structure, and
second an invasive area with cells having a tendency to differentiate into mesenchymal cells
(Non-patent Documents 2 and 3). Such findings were obtained based on knowledge
accumulated through a vast amount of morphological observations of human colon cancer
tissues. However, animal models that mimic the hierarchical organization of cancer tissues are
rare. Thus, little is understood about the process leading to the formation of the hierarchical
organization of cancer tissues and the involvement of cancer stem cells in this process.

Meanwhile, it has recently been shown that NOG-established cancer cell lines, which
are established by transplanting human tumor tissues into severely-immunodeficient
NOD/SCID/gamma(c)(null} (NOG) mice, form tissue structures similar to those of human
cancer tissues (Non-patent Document 4)}.

However, useful animal models were unavailable to morphologically observe the
process leading to the formation of the hierarchical organization of cancer cell lines in vivo or to
clucidate the involvement of cancer stem cells in the formation process. Use of animal models
of cancer pathology that reflect a human cancer is known to give results closer to human clinical

data when it comes to developing or assessing pharmaceutical agents for treating or preventing
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cancer, anti-cancer agent screening or assessment of pharmacological effects of test substances.
Under these circumstances, there was a need for a non-human animal model exhibiting the
cancer pathology more similar to that of a human cancer. Furthermore, there was a need for an
in vitro cell culture system that exhibits cell morphology more similar to that of human cancer

pathology.

Prior Art Documents

[Non-patent Documents]
[Non-patent Document 1] Dalerba P. et al., Annu Rev Med. 2007; 58: 267-284
[Non-patent Document 2] Brabletz T. ef al, Nat Rev Cancer. 2005; 5: 744-749
[Non-patent Document 3] Kirchner T. v, Am J Pathol. 2000; 157: 1113-1121
[Non-patent Document 4] Fujit E. ef af, Pathol Int. 2008; 58: 559-567

Sumimary of the Invention
[Problems to be Solved by the Invention]

An objective of the present invention is to provide non-human animal models of cancer
pathology, which mimic the hierarchical organization of human cancer tissues, cancer
progression process, and biological properties thereof. Another objective of the present
invention is to provide methods of searching for anti-cancer agent targets, which use the non-
human animal model or an in vitro culture system of an NOG-established cancer cell line, which
is established by transplanting human tumor tissues into severely-immunodeficient
NOD/SCID/gamma(c)(null) (NOG) mice. Still another objective of the present invention is to
provide methods of screening for anti-cancer agents that are effective in preventing or treating
cancer, which use the non-human animal model or the in vitro culture system of an NOG-
established cancer cell line. Yet another objective of the present invention is to provide methods
for assessing the preventive or therapeutic effect of test substances against human cancer, which
use the non-human animal model or the in vitro culture system of an NOG-established cancer

cell line.

[Means for Solving the Problems]

The present inventors conducted dedicated studies to achieve the objectives described
above.

The present inventors predicted that the process leading to the formation of hierarchical
organization, the involvement of cancer stem cells in the process, and their biological properties
may be elucidated through morphological observation of tissue structures after transplanting

NOG mice with NOG-established cancer cell lines, which are established by transplanting
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human tumor tissues into severely-immunodeficient NOG mice. Based on this prediction, the
present inventors conducted the studies described below.

Fifst, NOG-established cancer cell lines derived from colon cancer, stomach cancer,
breast cancer, lung cancer, and pancreatic cancer were morphologically observed after the
transplantation into the NOG mouse. Observations revealed an area where the human cancer
tissue took an epithelium-like structure, and an invasive area where some of the cells have a
mesenchymal phenotype (Figs. 1 to 4).

Furthermore, the hierarchical organization was remarkably similar to that of donors'
human cancer tissues, and time-dependent changes were observed during the cancer progression
process leading to the formation of the hierarchical organization. In addition, when observing
cell lines established from donors' tumors of different tissue types over time, it showed that: cells
of each cell line formed tissue morphologies resembling the donor's tumor after going through a
progression process with changes unique to the cell line (Table 1); this was repeatedly
reproduced (Fig. 5); and during the process cancer stem cells changed their biological state in a
time-dependent manner (Figs. 6 and 7). Although the existence of such transitional cancer stem
cells has been predicted to some degree in human colon cancer, the present invention empirically
demonstrated, for the first time, the existence of transitional cancer stem cells and their
involvement in the hierarchical organization in tumor tissues (Fig. 8) by using NOG mice and the
established cancer cell lines. As described above, since each cell line repeatedly undergoes a
uniquely changing progression process, this partly revealed one biological property of cancer
stem cells, i.e., that cancer stem cells in situ have their own unique final destination of
differentiation (Fig. 5 and Table 1).

Furthermore, the present inventors monitored time-dependent changes of cancer stem
cells over two generations, and revealed that cells which once lost their characteristics as cancer
stem cells and differentiated in the first generation newly acquired stem cell characteristics in the
second generation, i.e., the biological property of stem cell plasticity (Fig. 9).

In recent years, decrease in expression level of proteins such as P53 have been
demonstrated to be involved in the phenomenon called reprogramming by which stem cells
acquire pluripotency. Therefore, the present inventors carried out immunostaining for the P53
protein and revealed that the expression level of P53 protein was reduced even in the cancer stem
cells detected with the models of the present invention (Fig. 10). This finding demonstrates that
the models of the present invention faithfully mimic the cancer stem cell biological property of
reprogramming,.

Furthermore, it has been recently pointed out that fibroblasts in the tumor stroma may
play an important role in tumor growth/progression. In some tumors, the fibroblasts are

predicted to be derived from the tumors themselves through complete epithelial-mesenchymal
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transition (complete-EMT) (Radisky DC, er al., ] Cell Biochem. 2007; 101: 830-9). In the
present invention, time-course observations after transplantation of NOG-established cancer cell
line into mice revealed that the detected fibroblasts were derived not from the host (mouse) but
from the transplanted human tissues. This demonstrates that the models of the present invention
also mimic the formation of the hierarchical organization including tumor stroma formation (Figs.
11 and 12). In addition, by using NOG-established cancer cell lines of the present invention, the
present inventors succeeded in preparing cell models resistant to anti-cancer agents (Fig. 13).

As described above, time-course observations of NOG mice transplanted with NOG-
established cancer cell lines revealed that:

(1) the present invention enables preparation of animal models that repeatedly mimic the
hierarchical organization of donors' human cancer tissues;

(2) unique cancer stem cells, which have a property responsible for the formation of each
hierarchical organization, are observed in the models of the present invention, and the models
mimic the biological properties of cancer stem cells; and

(3) the present invention enables preparation of in vive animal models that enable observation of
the process leading to the transition of cancer cells into tumor stroma-forming fibroblasts
through complete-EMT during the process that mimics the formation of the hierarchical
organization. These properties could also be mimicked by the in vifro culture system using
NOG-established cancer cell lines.

Next, since the novel model animals with the properties described above could be
prepared, the present inventors tested the applicability of the models as novel methods of
searching for anti-cancer agent targets and screening methods therefor.

A possible method of searching for novel anti-cancer agent targets is as follows:
tissue pieces having tissue structures characteristically seen in the progression process in each
area (starting from the same cell line) are collected by laser microdissection (LMD); the mRNA
expression is assessed to find genes whose expression varies depending on the process, tissue
structure, or biological properties thereof.

Since a gene found by the above-described methods, or a protein encoded by the gene,
is predicated to contribute to the cancer progression process, an inhibitor of the gene or protein is
expected to serve as target for a novel anti-cancer agent that inhibits the cancer progression
process.

Meanwhile, a possible novel screening method for assessing pharmaceutical agents is to
assess whether a particular step of the cancer progression process is inhibited or a biological
property characteristic of cancer stem cells 1s modulated by administering a pre-existing anti-
cancer agent (for example, fluorouracil or irinotecan) to a model of the present invention,

focusing attention on the cancer progression process, which can be monitored through the
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observation of time-dependent changes in the models of the present invention. When this
example is applied to the screening for novel anti-cancer agents, the models of the present
invention enable identification of the specific biological property or the cancer progression
process on which a particular anti-cancer agent acts. Thus, such screening is expected to have
greater predictive performance from a clinical viewpoint.

Specifically, the present inventors succeeded in preparing non-human animal models
exhibiting cancer pathology more similar to human cancer and in vitro cell culture systems of
NOG-established cancer cell lines where the cell morphologies are more similar to those in
human cancer. The present inventors thus completed the present invention.

More spectfically, the present invention provides:

[1] a non-buman animal model, which is obtained by transplanting, into a non-human animal of
the same or different species, an NOG-established cancer cell line established by transplanting a
human tumor tissue into a severely-immunodeficient NOD/SCID/gamma(c)(null) (NOG) mouse;
[2] the non-human animal model of [1], which mimics hierarchical organization or cancer
progression process of a human cancer tissue;

[3] the non-human animal model of [1], which enables

detection of a unique cancer stem cell having a characteristic for mimicking

hierarchical organization and cancer progression process of a human cancer tissue, and,

testing of a biological property of the human cancer tissue;
[4] the non-human animal model of [1], which enables observation of the process leading to
transition of a cancer cell into a tumor stroma-forming fibroblast through complete epithelial-
mesenchymal transition (complete-EMT) during the process that mimics hierarchical
organization of a human cancer tissue;
[5] a non-human animal model, which enables assessment of the cause of anti-cancer agent
resistance by administering an anti-cancer agent into the non-human animal model of any one of
[1] to {4], and assessing, as an indicator, hierarchical organization, cancer progression process, or
biological property of a cancer cell, or transition through complete epithelial-mesenchymal
transition (complete-EMT);
[6] the non-human animal model of any one of [1] to [4], wherein the human tumor tissue is
derived from colon cancer, stomach cancer, breast cancer, lung cancer, or pancreatic cancer;
[7] a method of searching for an anti-cancer agent target, wherein assessment is carried out,
using as an indicator, hierarchical organization, cancer progression process, or biological
property of a cancer cell in a non-human animal model transplanted with an NOG-established
cancer cell line or in an in vitro culture system of an NOG-established cancer cell line;
[8] the method of searching for an anti-cancer agent target of [ 7], which comprises the steps of:

(1) preparing a non-human animal model by transplanting an NOG-established cancer cell
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(3)
(4)

line into a non-human animal;

collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting from
a cell line same as the NOG-established cancer cell line;

assessing the expression of DNA, RNA, or protein in the collected tissue piece of (2); and
identifying a gene or protein that changes in a manner dependent of the hierarchical
organization, cancer progression process, or biological property of a cancer cell in the

tissue piece;

[9] the method of searching for an anti-cancer agent target of [7], which comprises the steps of:

(1)

()

&)

culturing in vitro an NOG-established cancer cell line to mimic a biological property or a
structure characteristic of each cancer progression process;

assessing the expression of DNA, RNA, or protein in a cultured cell mimicking a specific
structure; and

identifying a gene or protein in the cultured cell that changes in a manner dependent of
the hierarchical organization, cancer progression process, or biological property of a

cancer cell;

[10] a method of screening for an anti-cancer agent, wherein assessment is carried out, using as

an indicator, hierarchical organization, cancer progression process, or biological property of a

cancer cell in 2 non-human animal model transplanted with an NOG-established cancer cell line

or in an in vitro culture system of an NOG-established cancer cell line;

[11] the method of screening for an anti-cancer agent of {10], which comprises the steps of:

(1

(2)

()

(4)

(5)

preparing a non-human animal model by transplanting an NOG-established cancer cell
line into a non-human animal;

administering a test substance to the non-human animal model of (1);

collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting from
a cell line same as the NOG-established cancer cell line;

monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and

identifying the formation of the hierarchical organization, cancer progression process, or

biological property of a cancer cell, which is inhibited by the test substance;

[12] the method of screening for an anti-cancer agent of [10], which comprises the steps of:

(D

()
(3)

culturing in vitro an NOG-established cancer cell line to mimic a biological property or a
structure characteristic of each cancer progression process;
treating the cultured cell of (1) with a test substance;

monitoring a time-dependent change of hierarchical organization, cancer progression
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process, ot biological property of a cancer cell in the cultured cells; and
(4) identifying the hierarchical organization formation, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance;
[13] the method of screening for an anti-cancer agent of [10], which comprises the steps of:
(1} preparing a non-human amimal model by transplanting an NOG-established cancer cell
line into a non-human animal;
(2) administering a test substance to the non-human animal model of (1);
(3) collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting from
a cell line same as the NOG-established cancer cell line;
(4) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and
(5) identifying a test substance that inhibits the formation of the hierarchical organization,
cancer progression process, or biological property of a specific cancer cell;
[14] the method of screening for an anti-cancer agent of [10], which comprises the steps of:
(1) culturing in vitro an NOG-established cancer cell line to mimic a biological property or a
structure characteristic of each cancer progression process;
(2) treating the cultured cells of (1) with a test substance;
(3) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell among the cultured cells; and
(4) identifying a test substance that inhibits hierarchical organization formation, cancer
progression process, or biological property of a specific cancer cell;
[15] a method for assessing a pharmaceutical agent for treating or preventing a human cancer,
wherein assessment is carried out, using as an indicator, hierarchical organization, cancer
progression process, or biological property of a cancer cell in a non-human animal model
transplanted with an NOG-established cancer cell line or in an in vitro culture system of an
NOG-established cancer cell line;
[16] the method of [15] for assessing a pharmaceutical agent for treating or preventing a human
cancer, which comprises the steps of:
(1) preparing a non-human animal model by transplanting an NOG-established cancer cell
line into a non-human animal;
(2) administering a test substance to the non-human animal model of (1);
(3) collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in cach area, when starting from
a cell line same as the NOG-established cancer cell line;

(4) monitoring a time-dependent change of hierarchical organization, cancer progression
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process, or biological property of a cancer cell in the tissue piece; and
(5) identifying the formation of the hierarchical organization, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance;
[17} the method of [15] for assessing a pharmaceutical agent for treating or preventing a human
cancer, which comprises the steps of:
(1) culturing in vitro an NOG-established cancer cell line to mimic a structure characteristic
of each cancer progression process or a biological property thereof;
(2) treating the cultured cell of (1) with a test substance;
(3) monitoring a time-dependent change of the hierarchical organization, cancer progression
process, or biological property of a cancer cell among the cultured cells; and
(4) identifying the formation of the hierarchical organization, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance; and
[18] a method of using a non-human animal transplanted with an NOG-established cancer cell
line or an NOG-established cancer cell line as a cancer model animal or cell line which mimics

hierarchical organization, cancer progression process, or biological property of a cancer cell.

[Effects of the Invention]

The present invention provides non-human animal models of cancer pathology more
similar to human cancer and in vitro cell culture systems whose cell morphologies are more
similar to those in the human cancer pathology. A result closer to human clinical data is
expected be obtained by screening for anti-cancer agents or assessing the pharmacological
effects of test substances using an animal model of cancer pathology or a cancer cell culture

system that more closely reflects human cancer.

Brief Description of the Drawings

Fig. 1 is a photograph showing an epithelium-like proliferation area. The glandular structure is

observed, and E-cadherin 1s expressed on the whole cell surface.

Fig. 2 shows photographs depicting an epithelivm-like proliferation under in viiro culture
conditions. Left panel: three-dimensional suspension culture; right panel: three-dimensional
Matrigel culture. Formation of epithelium-like glandular structures is observed with the three-

dimensional Matrigel culture.

Fig. 3 shows photographs depicting an invasive area. E-cadherin expression has disappeared

where each invasive area comes into contact with tumor stroma,
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Fig. 4 shows photographs depicting an epithelial area and an invasive area in other types of
cancers. These photographs indicate epithelium-like areas (*) where E-cadherin is present on the
whole cell surface and invasive areas where E-cadherin has partially disappeared and

fibronectin-positive cells are detected (areas indicated by arrow).

Fig. 5 shows photographs depicting donors' cancer tissues and the reproducibility of the tissue
organization by NOG-established cancer cell lines (established by three or more passages). As
shown in the photographs, the NOG-established cancer cell lines repeatedly mimic the tissue

organization of donors’ cancer tissues.

Fig. 6 shows photographs depicting cancer stem cells m an epithelium-like growth area. In the
epithelium-like growth area, slow growing cells (slow-cycling cells, closed triangle), which are
not labeled by continuous BrdU labeling, are detected among epithelial cells. The cells in the

BrdU-negative cell area are positive for a cancer stem cell marker (Lgr5).

Fig. 7 shows photographs depicting cancer stem cells in the invasive growth area. In the
invasive growth area, slow-cycling cells (closed triangle), which are not labeled by continuous
BrdU labeling, are detected in the area with epithelial glandular structures. Such slow-cycling
cells (closed arrow) are also observed in the invasive area as well as among cells exhibiting the
clustering which is assumed to occur in the cellular invasion process. The cells described above

are positive for a cancer stem cell marker (Lgr5) (open arrow).

Fig. 8 is a diagram showing the relationship between tumor hierarchical organization and cancer

stem cells.

Fig. 9 shows photographs depicting samples in the experiment of continuous IdU/BrdU labeling
over two generations. Cells observed are:

cells which remained resting over two generations {open arrow);

cells which grew slowly in the first generation but stopped growing in the second generation
(open triangle); and

cells which underwent differential proliferation in the first generation but stopped growing and

became stem cells (arrow).

Fig. 10 shows photographs depicting samples immunostained with anti-P53 antibody and anti-

BrdU antibody. Cells weakly positive or negative for P53 and BrdU (open arrow) are detected.
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Fig. 11 shows photographs depicting human-derived fibroblasts.

Fig. 12 shows photographs and diagrams depicting i1 vifro growth of human-derived fibroblasts.
Only epithelium-like cells (closed triangle) were observed but fibroblasts were undetectable
under the suspension culture conditions. Meanwhile, when the cells are adhered, fibroblast-like
cells (closed arrow) grew. Furthermore, using an anti-human HMC antibody, 90% of the cells

were confirmed to be human-derived cells.

Fig. 13 shows photographs depicting the histopathology of cancer cells resistant to anti-cancer
agents, which were observed after administration of an anti-cancer agent (5-fluorouracil) to NOG
mice transplanted with an NOG-established colon cancer cell line. These photographs indicate
an increase of poorly-differentiated glandular ducts (closed arrow) and a decrease of budding

strictures (broken line).

Mode for Carrving Out the Invention

The present invention relates to non-human animal models of cancer pathology, which
can be effectively used for developing pharmaceutical agents for treating or preventing human
cancer, and cell culture systems that exhibit in vitro cell morphology more similar to that in a
cancer pathology. Specifically, the present invention relates to non-human animal models
obtained by transplanting an NOG-established cancer cell line (established by transplanting
human cancer tissues into severely-immunodeficient NOD/SCID/gamma(c)(null) (NOG) mice)
mto non-human animals of the same or a different species, as well as in vitro culture systems of
the NOG-established cancer cell lines.

The non-human animal models of the present invention may mimic the hierarchical
organization of cancer tissues, cancer progression process, and biological properties thereof,
which are unique to pathology of a human cancer. In the present invention, types of target
cancers are not particularly limited, but preferably include, for example, colon cancer, stomach
cancer, lung cancer, breast cancer, and pancreatic cancer.

Herein, the “hierarchical organization of cancer tissues, which is unique to human
cancer pathology” includes a two-layer structure having an area with a glandular structure
consisting of cells with epithelial-like differentiation and an invasive area with cells having a
tendency to differentiate into mesenchymal cells.

In the above-described epithelium-like glandular area, E-cadherin is expressed on whole
cell surface. The expression of E-cadherin can be tested using an anti-E-cadherin antibody.

The above-described invasive area exhibits characteristic morphologies: budding,
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cluster of tumor cells, dissociated single tumor cells, and reconstruction of tubules. Cells in the
invasive area undergo partial-EMT leading to partial loss of the epithelial nature; lack E-cadherin
expression at their contact surface with the stromal cells; and express fibronectin, which is
normally not expressed on epithelium-like cells.

Furthermore, cancer stem cells, which are slow-cycling cells, can be detected in both the
above-described epithelium-like glandular area and invasive area, Whether cancer stem cells are
present in these areas can be assessed by using a cell proliferation marker (for example,
continuous BrdU labeling and Ki67 staining), a cancer stem cell marker (for example, Lgr5
staining), or the like.

In addition, the present invention enables time-course and simultaneous observation of
both the presence of cancer stem cells and the mimicking of the hierarchical organization of
cancer tissues, cancer progression process, or biological properties thereof. This helps to
chucidate the hierarchical organization and cancer progression process, i.e., how the cancer
tissue-specific structure is formed originating from cancer stem cells.

More specifically, in the high stress environment at the early stage after transplantation,
mainly surviving are the cancer stem cells and their progenitor cells. After the growth phase
starts, gland-forming cancer cells emerge in the above-described epithelium-like glandular area.
Meanwhile, slow-cycling cancer stem cells and their progenitor cells are maintained and become
responsible for further expansion of the epithelium-like glandular area. On the other hand, in the
above-described invasive area, partial-EMT cells such as cluster of tumor cells and dissociated
single tumor cells emerge among cells that managed to survive under the high stress environment
at the early stage after transplantation. These slow-cycling cancer stem cells are migrating cells
since they have undergone partial-EMT, and expand their area while contributing to cancer
invasion/dissemination and such. Furthermore, when reaching a specific environment, some
partial-EMT cells undergo a so-called mesenchymal-epithelial transition (MET) there. Due to
MET, partial-EMT cells which once lost the epithelial nature acquire this epithelial nature again,
and then newly form epithelium-like glandular structures there.

In the present invention, the “cancer progression process unique to pathology of a
human cancer” includes, for example, the following processes depending on the differentiation
status of cancer cells.

In the case of well-differentiated cancer, the major process is an epithelium-like
proliferation process (epithelial duct-forming pattern). In the case of moderately-differentiated
cancer, the major process is an invasive proliferation process (invasive EMT pattern), while
including an epithelium-like proliferation process (epithelial duct-forming pattern). In the case
of poorly-differentiated cancer, the major process is an invasive proliferation process (invasive
EMT pattern).
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Examples that the present invention “enables assessment for the biological properties of
cancer stem cells” include those described below.

Since each cell line repeatedly undergoes a uniguely changing progression process,
cancer stem cells in situ show the biological property of having their own unigue final
destination of differentiation.

When following the transition of cancer stem cells over two generations, cells that lost
their properties as cancer stem cells and differentiated in the first generation again acquire the
properties as stem cells in the second generation, i.e., the biological property so-called stem cell
plasticity.

A decreased expression of P53 protein is known to be involved in the stem cells’
biological property of the acquirement of the pluripotency. i.e., reprogramming. This property is
mimicked by cancer stem cells found in the models of the present invention.

Furthermore, the animal models of the present invention mimic the process of transition
of cancer cells into tumor stroma-forming fibroblasts through complete epithelial-mesenchymal
transition (complete-EMT). The transition into fibroblasts can be tested by IHC staining, The
transition into human-specific fibroblasts can be assessed by IHC staining for human-specific f2
microglobulin.

The animal models of the present invention enable observation of an above-described
process unique to the type of target cancer or the status of cancer progression.

Unique cancer stem cells which have the properties of mimicking the above-described
hierarchical organization of human cancer tissues and cancer progression process can be detected
in the animal models of the present invention.

Animals that can be used to prepare the animal models of the present invention include,
for example, non-human mammals commonly used in conventional experiments such as mice,
nude mice, rats, nude rats, guinea pigs, hamsters, rabbits, dogs, and monkeys. Preferred animals
include, for example, rodents such as mice, nude mice, rats, nude rats, guinea pigs, hamsters, and
rabbits. For the convenience of breeding and manipulation, more preferred animals include, for
example, mice, nude mice (for example, NOD/SCID/gamma(c)(null) (NOG) mice), rats, and
nude rats.

An animal (recipient animal} to be transplanted with an NOG-established cancer cell
line may be of the same or different species from the severely-immunodeficient
NOD/SCID/gammafc){(null) (NOG) mouse (donor animal) with which an NOG-established
cancer cell line is established. From an immunological viewpoint, the animals are preferably of
the same species. However, when immunodeficient animals such as nude mice or nude rats are
used, the animals may be of different species.

The methods for preparing the animal models of the present invention are described
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below.

The animal models of the present invention can be prepared by transplanting NOG-
established cancer cell lines established by transplanting human tumor tissues into severely
immunodeficient NOD/SCID/gamma(c)(null) (NOG) mice as donor animals, subcutaneously
into recipient animals, or into their various body cavities, or various organs.

NOG-established cancer cell lines to be transplanted into recipient animals can be
collected and established from the NOG mice. The age of such NOG mice can be selected
depending on the type of established cancer cell line to be transplanted and the species of
recipient animal.

The age of recipient animals is, for example, preferably 4 to 100 weeks old when they
are mice, nude mice, SCID mice, NOD-SCID mice, NOG mice, rats, or nude rats.

Specifically, the animal models of the present invention can be prepared by the
following method. First, an NOG-established cancer cell line (Fujii E. et al., Pathol Int. (2008)
58: 559-567), which is established by transplanting human-derived cancer cells into NOG mice
and passaging, is transplanted into recipient animals. Subcutaneous transplantation is preferred
as a transplantation site, because it is convenient to perform. However, transplantation sites are
not particularly limited, and an appropriate transplantation site is preferably selected depending
on the animal to be used. Meanwhile, the techniques for transplanting an NOG-established
cancer cell line are not particularly limited; it is possible to use conventional transplantation
techniques.

After transplantation, the model animals of the present invention may be reared under
conventional or sterile conditions, if needed. The rearing conditions are not limited, but
specifically include, for example, the conditions of: temperature of 20 to 26°C, humidity of 30 to
70%; feed and water: free intake; light cycle: a 12-hour light-dark cycle.

The period of animal rearing is not particularly limited; in the case of mice, nude mice,
rats, or nude rats, it is preferable to rear the animals for three or more days, preferably 28 or
more days atter transplantation.

By rearing the transplanted animals for a cerfain period, the transplanted NOG-
established cancer cell line grows and differentiates into tissues having the histological features
of human tumor tissues at the transplantation site. As described above, the animal models of the
present invention have tissues with features of human tumor tissues, and therefore can serve as
animal models for human cancer pathology.

The cells are cultured by a culture method using an appropriate medium (D-MEM,
MEM, RPMI1640, BME, D-MEM/F12, G-MEM, etc.) supplemented with appropriate additives
(inactivated Fetal Bovine Serum, Penicillin, Streptomycin, Glucose, Sodium Hydrogen
Carbonate, HEPES, L-Glutamine, Heparin, BSA, FGE, EGF, Transferrin, Insulin, Putrescin,
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Selenite, Progesterone, etc.) under conditions suitable for mammalian cell culture (for example,
at 37°C under 5% CO»).

When the hierarchical organization, cancer progression process, or biological property
of cancer cells observed in the model animals, or in the in vitro culture system of NOG-
established cancer cell lines of the present invention, is used as an indicator for assessment, the
model or in vitro culture system of the present invention can be applied to search for anti-cancer
agent targets, screen for anti-cancer agents, or screen to assess pharmaceutical agents for treating
or preventing human cancer.

The present invention relates to methods of searching for anti-cancer agent targets,
which carry out an assessment, using as an indicator, the hierarchical organization, cancer
progression process, or biological property of the cancer cells in a non-human animal model
transplanted with an NOG-established cancer cell line or an in vifro culture system of an NOG-
established cancer cell line.

In the methods of the present invention, when a non-human animal model transplanted
with an NOG-established cancer cell line is used, the search for anti-cancer agent targets can be
carried out via steps (1) to (4) described below:

(1) preparing a non-human animal model by transplanting an NOG-established cancer cell
line into a non-human animal;

(2) collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting from
a cell line same as the NOG-established cancer cell line;

(3) assessing the expression of DNA, RNA, or protein in the collected tissue piece of (2); and

(4) identifying a gene or protein that changes in 2 manner dependent of the hierarchical
organtzation, cancer progression process, or biological property of a cancer cell in the
tissue piece.

Alternatively, in the methods of the present invention, when the in vitro culture system
of an NOG-established cancer cell line is used, the search for targets for anti-cancer agents can
be carried out via steps (1) to (3) described below:

(1) culturing in vitro an NOG-established cancer cell line to mimic a biological property or a
structure characteristic of each cancer progression process;

(2) assessing the expression of DNA, RNA, or protein in a cultured cell mimicking a
characteristic structure; and

(3) identifying a gene or protein in the cultured cell that changes in a manner dependent of
the hierarchical organization, cancer progression process, or biological property of a
cancer cell.

In the present invention, the structure of a tissue or cell line characteristic of a cancer
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progression process can be morphologically observed by HE staining and immunohistochemistry
(IHC) of thin sections of tissue samples prepared by the AMeX method or the like. When the
above-described hierarchical organization, cancer progression process, or biological property
specific to a human tumor tissue is detected in a test tissue, the tissue is judged as a cancer-
related tissue and is tested for the expression of DNAs, RNAs, or proteins. In the present
invention, RNAs include, but are not limited to, mRNA and micro-RNA. Methods for testing the
expression of a DNA, RNA, or protein are not particularly limited; testing can be done by
conventional methods for assessing expression. For example, mRNA for each gene is extracted
by conventional methods. The transcriptional level of each gene can be determined by Northern
hybridization or RT-PCR using the mRNA as a template. Alternatively, the expression level of
each gene can be measured using DNA array techniques. Furthermore, fractions containing the
protein encoded by each gene may be collected by conventional methods. The expression of
each protein can be detected by electrophoresis such as SDS-PAGE to determine the translational
level of the gene. Alternatively, the expression of each protein can be detected by Western
blotting using an antibody against the protein to determine the translational level of the gene.

The present invention relates to methods of screening for anti-cancer agents, which
carry out assessment, using as an indicator, the hierarchical organization, cancer progression
process, or biological property of cancer cells in a non-human animal model transplanted with an
NOG-established cancer cell line or an in vitro culture system of an NOG-established cancer cell
line.

In the methods of the present invention, when a non-human animal model transplanted
with an NOG-established cancer cell line is used, the screening for anti-cancer agents can be
carried out via steps (1) to (5) described below:

(1) preparing a non-human animal model by transplanting an NOG-established cancer cell
line into a non-human animal;

(2) administering a test substance to the non-human animal model of (1);

(3) collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting from
a cell line same as the NOG-established cancer cell line;

(4) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and

(5) identifying the formation of the hierarchical organization, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance.

In another embodiment, when the non-human animal model transplanted with an NOG-
established cancer cell line is used, the screening for anti-cancer agents can be carried out vig
steps (1) to (5) described below:
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preparing a non-human animal model by transplanting an NOG-established cancer cell
line into a non-human animal;

administering a test substance to the non-human animal model of (1);

collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting from
a cell line same as the NOG-established cancer cell line;

monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and

identifying a test substance that inhibits the formation of the hierarchical organization,
cancer progression process, or biological property of a specific cancer cell.

Alternatively, in the methods of the present invention, when the in vitro culture system

of an NOG-established cancer cell line is used, the screening for anti-cancer agents can be

carried out via steps (1) to (4) described below:

(D

()
3

(4)

culturing in vifro an NOG-established cancer cell line to mimic a biological property or a
structure characteristic of each cancer progression process;

treating the cultured cell of (1) with a test substance;

monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the cultured cells; and

identifying the hierarchical organization formation, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance.

In another embodiment, when the in vifro culture system of an NOG-established cancer

cell line is used, the screening for anti-cancer agents can be carried out via steps (1) to (4)

described below:

()

@
(3

(4)

culturing in vitro an NOG-established cancer cell line to mimic a biological property or a
structure characteristic of each cancer progression process;

treating the cultured cells of (1} with a test substance;

montitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell among the cultured cells; and

identifying a test substance that inhibits hierarchical organization formation, cancer
progression process, or biological property of a specific cancer cell.

The “test substances™ 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, peptides, and amino acids; as well as compound libraries,

expression products of gene libraries, cell extracts, cell culture supernatants, products of

fermentation microorganisms, marine organism extracts, plant extracts, prokaryotic cell extracts,

unicellular eukaryote extracts, and animal cell extracts. These may be purified substances or



10

15

20

25

30

35

17

crude substances such as extracts of plants, animals, or microorganisms. The methods for
producing test substances are also not particularly limited; the substances may be isolated from
natural materials, synthesized chemically or biochemically, or prepared by genetic engineering.

If needed, the above test samples can be used after appropriately labeling. Labels
include, for example, radiolabels and fluorescent labels. The test samples include not only those
described above, but also mixtures of several types of such test samples.

In the present invention, methods for administering a test substance to non-human
model animals are not particularly limited. It is possible to appropriately select oral
administration or parenteral administration such as subcutaneous, intravenous, local, transdermal,
or enteral (rectal) administration depending on the type of test substance to be administered.

In the methods of the present invention, methods for treating cultured an NOG-
established cancer cell line with a test substance are not particularly limited. Such a treatment
can be carried out by adding a test sample to a cell culture medium or cell extract. When the test
sample is a protein, the treatment can be carried out, for example, by introducing a vector
carrying a DNA encoding the protein into an NOG-established cancer cell line or adding the
vector to a cell extract of an NOG-established cancer cell line. Alternatively, it is possible to use,
for example, a two hybrid method using yeast, animal cells, or the like.

After treatment, the test substance can be assessed by excising the transplanted tissue
(tissues transplanted with an NOG-established cancer cell line) from the model animal and
observing histological features of the transplanted tissue or by studying the histological features
using a cell culture system.

Specifically, the test substance can be assessed by observing the hierarchical
organization of the transplanted tissue or cancer cells in a culture system in a non-human animal
model or an in vitro culture system of an NOG-established cancer cell line, to assess the
characteristic of hierarchical organization formation unique to human cancer cells or to confirm
an effect on the cancer progression process characteristic of a human cancer. The structure of
tissue or cell line characteristic of the cancer progression process can be morphologically
observed by HE staining and immunohistochemistry (IHC) of thin sections of tissue samples
prepared by the AMeX method or the like.

More specifically, the above-described assessment of a test substance can be carried out
by the following procedure:
control non-human model animals or an NOG-established cancer cell line are prepared without
administering the test substance; in the same manner as described above, the hierarchical
organization of the transplanted tissue or cancer cells in a culture system are observed and the
formation of the hierarchical organization unique to human cancer cells is checked; and the

hierarchical organization of cancer cells is compared between the control animals and non-
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human model animals or NOG-established cancer cell lines administered with the test substance.
In this case, when the hierarchical organization unique to human cancer cell is not observed in
the non-human animal model or NOG-established cancer cell line administered with the test
substance as compared to the control animals, or when the level of hierarchy is reduced, the test
substance can be selected as an effective substance having a therapeutic or preventive effect
against a human cancer.

More specifically, the above-described assessment of a test substance can also be carried
out by the following procedure:
control non-human model animals or the NOG-established cancer cell line are prepared without
administering the test substance, and in the same manner, the cancer progression process of the
transplanted tissue or cancer cells in a culture system are observed and presence of a cancer
progression process unique to human cancer cells is checked; and the cancer progression process
of cancer stem cell is compared between the control animals and non-human model animals or
NOG-established cancer cell lines administered with the test substance. In this case, when the
cancer progression process unique to human cancer cells is not seen in the non-human animal
model or NOG-established cancer cell line administered with the test substance as compared to
the control animals, the test substance can be selected as an effective substance having a
therapeutic or preventive effect against a human cancer.

In addition, more specifically, the above-described assessment of a test substance can be
carried out by the following procedure:
control non-human model animals or the NOG-established cancer cell line are prepared without
administering the test substance, and in the same manner, biological properties of cancer stem
cells of the transplanted tissues or cancer cells in the culture system are observed and the
presence of the properties unique to human cancer cells is checked; and the properties of cancer
stem cells is compared between the control animals and non-human model animals or NOG-
established cancer cell lines administered with the test substance. In this case, when the property
unique to human cancer cells is not present in the non-human animal model or NOG-e¢stablished
cancer cell line administered with the test substance as compared to the control animal, the test
substance can be selected as an effective substance having a therapeutic or preventive effect
against a human cancer.

Substances effective for preventing or treating a human cancer, which are selected by
the above-described screening methods, may be further assessed by other drug efficacy tests or
safety tests, if needed, and/or by clinical tests with human cancer patients to select more effective
therapeutic or preventive substances with a higher practical use.

Furthermore, such effective therapeutic or preventive substances selected can also be

industrially produced by chemical synthesis or biochemical synthesis (fermentation), or using
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genetic manipulation based on the result of structural analyses thereof.

The present invention relates to screening methods for assessing pharmaceutical agents
for treating or preventing human cancer, which carry out assessment using as an indicator the
hierarchical organization or cancer progression process of the cancer cells in non-human model
animals transplanted with an NOG-established cancer cell line.

When non-human model animals transplanted with an NOG-established cancer cell line
are used in the methods of the present invention, pharmaceutical agents can be assessed vig steps
{1) to (5) described below:

(1) preparing a non-human animal model by transplanting an NOG-established cancer cell
line into a non-human animal;

(2) administering a test substance to the non-human animal model of (1);

(3) collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting from
a cell line same as the NOG-established cancer cell line;

(4) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or a biological property of a cancer cell in the tissue piece; and

(5) identifying the formation of the hierarchical organization, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance.

Alternatively, when an in vitro culture system of NOG-established cancer cell lines is
used in the methods of the present invention, pharmaceutical agents can be assessed via steps (1)
to (4) described below:

(1) culturing in vitro an NOG-established cancer cell line to mimic a structure characteristic
of each cancer progression process or a biological property thereof;

(2) treating the cultured cell of (1) with a test substance;

(3) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell among the cultured cells; and

{(4) identifying the formation of the hierarchical organization, cancer progression process, or
biological property of a cancer cell, which is inhibited by the test substance.

In the present invention, pharmaceutical agents can be assessed by administering a test
substance of interest to an above-described non-human model animal or treating an in vifro
culture system of an NOG-established cancer cell line with a test substance of interest, and
testing whether administration of the test substance produces a preventive or ameliorating effect
on the transplanted tissues (tissues transplanted with the NOG-established cancer cell line) or the
culture system.

Specifically, the preventive or ameliorating effect of an administered test substance on

the transplanted tissue or the culture system can be assessed by identifying or observing the
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morphology of hierarchical organization, the cancer progression process, or biological properties
of cancer cells. The assessment can be carried out by observing the hierarchical organization of
the transplanted tissues in the non-human animal model or of the cancer cells in an in vitro
culture system of an NOG-established cancer line to verify the formation of the hierarchical
organization characteristic of human cancer cells or an effect on the cancer progression process
characteristic of a human cancer.

More specifically, the above-described assessment of a test substance can be carried out
by the following procedure:
control non-human model animals or NOG-established cancer cell line are prepared without
administering the test substance, and in the same manner as described above, the transplanted
tissues or cancer cells in the culture system are observed for the hierarchical organization of
cancer cells and checked for the formation of the hierarchical organization unique to human
cancer cell; and the hierarchical organization of cancer cells is compared between the control
animals and non-human model animals or NOG-established cancer cell lines administered with
the test substance. In this case, when the hierarchical organization unigue to human cancer cell
is not observed in the non-human animal model or NOG-established cancer cell line
administered with the test substance as compared to the control animals, or when the level of
hierarchy is reduced, the test substance administered to the test animal or with which the culture
system is treated can be judged to have the preventive or therapeutic effect against the human
cancer, and the level of the preventive or therapeutic effect can be evaluated based on the level of
reduction.

Alternatively and more specifically, the above-described assessment of a test substance
can be carried out by the following procedure:
control non-human model animals or NOG-established cancer cell line are prepared without
administering the test substance, and in the same manner, the transplanted tissues or cancer cells
in the culture system are observed for their cancer progression process and checked for the
presence of a cancer progression process unique to human cancer cells; and the cancer
progression process unique to cancer stem cells is compared between the control animals and
non-human model animals or NOG-established cancer cell lines administered with the test
substance. In this case, when the cancer progression process unique to human cancer cells is not
present in the non-human animal model or NOG-established cancer cell line administered with
the test substance as compared to the control animals, the test substance administered to the test
animal or with which the culture system is treated can be judged to have a preventive or
therapeutic effect against the human cancer, and the level of the preventive or therapeutic effect
can be evaluated based on the level of advancement in the cancer progression process.

More specifically, the above-described assessment of a test substance can also be carried
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out by the following procedure:

control non-human model animals or NOG-established cancer cell line are prepared without
administering the test substance, and in the same manner, the transplanted tissues or cancer cells
in a culture system are observed for the biological properties of cancer stem cells and checked
for the presence of a property unique to human cancer cells; and the property unique to cancer
stem cells is compared between the control animals and non-human model animals or NOG-
established cancer cell lines administered with the test substance. In this case, when the property
unique to human cancer cells 18 not present in the non-human animal model or NOG-established
cancer cell line administered with the test substance as compared to the control animals, the test
substance administered to the test animal or with which the culture system is treated can be
judged to have a preventive or therapeutic effect against the human cancer, and the level of the
preventive or therapeutic effect can be evaluated based on the incidence of the properties.

The present invention relates to methods of using a non-human animal transplanted with
an NOG-established cancer cell line or an NOG-established cancer cell line as a cancer model
animal or cell line which mimics the hierarchical organization, cancer progression process, or
biological property of cancer cells.

The hierarchical organization, cancer progression process, or biological property of
cancer cells can be artificially or artifactually mimicked in vivo by transplanting an NOG-
established cancer cell line into non-human animals. Thus, such non-human animals
transplanted with the NOG-established cancer cell line can serve as very useful cancer model
animals, for example, when assessing pharmaceutical agents, searching for candidate target
molecules as pharmaceuticals or diagnostic agents, or assessing compounds or biological
preparations that act on the candidate molecules using the hierarchical organization, cancer
progression process, or biological property of cancer cells.

Furthermore, the hierarchical organization, cancer progression process, or biological
property of cancer cells can be artificially or artifactually mimicked in vivo or in vitro by an
NOG-established cancer cell line alone, Thus, the NOG-established cancer cell lines can serve
as very useful cancer model animals, for example, when assessing pharmaceutical agents,
searching for candidate target molecules as pharmaceutical agents or diagnostic agents, or
assessing compounds or biological preparations that act on the candidate molecules using the
hierarchical organization, cancer progression process, or biological property of cancer cells.

“Mimic” means that the model mimics to a level enough to achieve the objective
depending on the model’s purpose of use. Thus, it is not necessary to mimic the in vivo events
perfectly.

All prior art documents cited herein are incorporated herein by reference.
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Examples
Hereinbelow, the present invention will be described more specifically with reference to

the Examples, but it is not limited thereto.

[Example 1] NOG-established cancer cell line mimics hierarchical organization of human cancer

tissue.

{1) NOG-established cancer cell line and staining method

The present inventors used NOG-established cancer cell lines that had been established
so as to meet the criterion that human colon cancer, stomach cancer, lung cancer, breast cancer,
or pancreatic cancer can be transplanted or passaged over three or more generations in NOG
mice (Fujii E. ef al., Pathol Int. 2008; 58: 559-567). In this Example, NOG-established cancer
cell lines were subcutaneously transplanted into NOG mice. 28 days after transplantation, the
mice were dissected, and the implants were excised and fixed with 4% paraformaldehyde at 4°C
for 16 to 24 hours. Then, the fixed samples were embedded and sliced into thin section samples
by the AMeX method (Fujii E. ef al., Pathol Int. 2008; 58: 559-567). The tissues were stained by
HE and immunohistochemistry (IHC}. Anti-E-cadherin antibody (DakoCytomation) and anti-
fibronectin antibody (DakoCytomation) were used as a primary antibody. The visualization was
carried out by LSAB method using DAB (DAB Map kit, Roche Diagnostics).

In addition, for in vitro culture, cell masses collected from mice were minced physically
with scissors. Next, Collagenase/Dispase (Roche, Cat. No. 10 269 638 001) and DNasel (Roche,
Cat. No. 11 284 932 001) were added, and the cells were stirred at 37°C for 30 minutes. Then,
pipetting was repeated to prepare minced cells. The prepared cells were suspended in Cell
Banker 1 (JUJI FIELD, Cat. No. BLC-1) and stored at -80°C or below,

The cells prepared as described above were cultured in Medium 1 (RPMI1640, 10%
Fetal Bovine Serum, Penicillin, Streptomycin) supplemented with Fetal Bovine Serum that had
been inactivated by incubating at 56°C for 30 minutes or more.

Spheroid preparation was carried out by suspending cells at 4 x 10° cells/ml in Medium
1 and plating 5 ml of the cells in 6-cm Hydro cell Dish (NUNC, Cat. No. 174912). After3to 6
days of incubation, spheroid formation was verified under a microscope. Following spheroid
formation, the spheroid cells alone were collected by filtering all cells with 40-pum cell strainer
(BD, Cat. No. 352340) and cultured in Medium 1.

As for a culture system to mimic the glandular structure, a stock solution of Matrigel
Basement Membrane Matrix (BD, Cat. No. 354234) was added at 50 pl/well to 96-well plates.
For coating, the 96-well plates were allowed to stand at 37°C for 5 minutes. Next, the spheroid

cells were added at 50 pl/well. Then, Matrigel Basement Membrane Matrix diluted to 20% with
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Medium 1 was added at 50 ul/well, and the plates were allowed to stand at 37°C for 5 minutes.
Finally, Medium 1 was added at 100 pl/well, and the cells were cultured until the glandular

structure appeared.

(2) Results and conclusions

The epithelium-like glandular area of human colon cancer tissue has been reported to be
characteristic in that the cells express E-cadherin on their whole surface (Kirchner T. et al., Am ]
Pathol, 2000; 157: 1113-1121). This characteristic was also observed in the NOG-established
cancer cell line (Fig. 1). Furthermore, under the above-described in vitro condition, the
spheroid-forming cells were demonstrated to mimic the glandular structure (Fig. 2).

Meanwhile, the invasive area having the nature of mesenchymal cells, which are less
differentiated, is known to exhibit characteristic morphologies such as budding, cluster of tumor
cells, dissociated single tumor cells, and reconstruction of tubules. Cells in the invasive area
have been said to undergo partial-EMT leading to a partial loss of the epithelial nature. Itis
known that the cells lack E-cadherin expression at their contact surface with the stroma and
express fibronectin which is normally not expressed on epithelium-like cells (Kirchner T. ef al.,
Am J Pathol. 2000; 157: 1113-1121). In the present invention, these features were mimicked in
the tumor that resulted from transplantation of an NOG-established colon cancer cell line (Fig. 3).

Similar epithelium-like areas and invasive areas were also observed in stomach cancer,
lung cancer, breast cancer, and pancreatic cancer (Fig. 4),

The above-described results demonstrate that NOG-established cancer cell lines mimic

the hierarchical organization of human cancer tissues.

[Example 2] NOG-established cancer cell line mimics the process leading to the formation of the

hierarchical organization characteristic of donor's human cancer tissues.

(1) NOG-established cancer cell line and staining method

Each NOG-established cancer cell line whose tissue morphology was (1) well-
differentiated adenocarcinoma, (2) moderately-differentiated adenocarcinoma, or (3) poorly-
differentiated adenocarcinoma in the donors' human colon cancer were subcutaneously
transplanted into NOG mice. The mice were dissected 3, 7, 14, 17, or 21 days afier
transplantation, and HE staining and IHC were carried out in the same manner as described
above to morphologically determine the ratio between the epithelium-like area and invasive area.

Furthermore, with respect to stomach cancer, colon cancer, and lung cancer, HE-stained
samples from donors' cancer tissues and NOG-established cancer cell lines were observed to

verify whether they repeatedly mimic the tissue organization.
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(2) Results and conclusions
The present invention demonstrated that:
in the unique cancer progression process leading to the formation of the hierarchical organization
equivalent to the donors' human colon cancer tissues, the major process was an epithelium-like
proliferation process (epithelial duct forming pattern) in the case of well-differentiated
adenocarcinoma; the major process was an invasive proliferation process (invasive EMT pattern),
while including an epithelium-like proliferation process (epithelial duct forming pattern) in the
case of moderately-differentiated adenocarcinoma; and the major process was an invasive
proliferation process (invasive EMT pattern) in the case of poorly-differentiated adenocarcinoma.
Furthermore, the hierarchical differentiation unique to each line can be repeatedly

mimicked even after several transplant passages (Fig. 5).

[Table 1] Time-dependent changes of the formation of hierarchical organization for each NOG-

established line

moderate
differentiated

3 7 417 3007 14 21 307 14 2

well differentiated poor differentiated

Epithelial duct forming pattern

Poor differentiated duct -+ =+ T - - - .
Moderate differentiated duct - 2+ 3+ 3+ - -+ 4+ - - - -
Well differentiated duct - - 24 34+ - - - - - e - .
Invasive EMTpattemb
Polygonal cell alignment - - - - - - .- 24+ 4+ - .
Duct with mvasion front -+ + + + 4 2+ 3+ - 2t 24+ 2+
Dissociated cluster -+ o+ + -+ 24+ 2+ I SR AU, N
Dissociated smgle cell - e+ + - - 2 24 - -+ .

a: Days after moculation
b: B -catenin muclear accumulation are detected m the IHC sections.

[Example 3] Unique cancer stem cells having the nature responsible for the formation of each

hierarchical organization are detected among an NOG-established cancer cell line.

(1) NOG-established cancer cell line and staining method

Cancer stem cells are known to be slow-cycling cells whose cell turnover is in general
very slow (Li L, Neaves WB. Cancer res. 2006; 66: 4553-4557). The present inventors focused
on this nature and started continuous labeling of BrdU, which is incorporated at the mitotic phase,

at the same time when an NOG-established cancer cell line was subcutaneously transplanted into
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NOG mice. After 14 days of labeling, the mice were dissected to process the tissues. HE
staining was performed in the same manner as described above to observe the morphologies of
the tissues. In addition, BrdU-incorporated cells were detected by THC staining (antibody,
Beckton Dickinson), and THC staining was carried out using an antibody against Ki67
{DakoCytomation) as a mitotic phase marker to identify proliferative cells and slow-cycling cells.
Moreover, samples adjacent to those described above were stained by THC using an antibody
(MBL) against Lgr5 that 1s known as a cancer stem cell marker (McDonald SAC, ef al.,
Virchows Arch. (2009} 455: 1-13).

(2) Results and conclusions

Tissues treated by continuous BrdU labeling showed that both epithelium-like growth
area and invasive growth area contained some non-labeled cells. The cells were negative for
Ki67. The findings described above suggest that both areas include slow-cycling ceils whose
cell turnover is very slow, which is known to be a characteristic of cancer stem cells. When
samples adjacent to the above samples were stained for Lgr5, which is a cancer stem cell marker,
the stained images were consistent with the localization of the slow-cycling cells (Fig. 6). These
slow-cycling cells were detected in both epithelium-like growth area and invasive growth area
(Fig. 7). Considering the process leading to the formation of the hierarchical organization, which
is described in Example 2, the above-described finding suggests that the transition of cancer stem
cell localization and the formation of the hierarchical organization can be summarized as shown
in Fig. 8.

The existence of stationary stem cells, which are localized in the epithelium-like growth
area, and migrating stem cells, which contribute to the formation of hierarchical organization at
metastatic sites, has previously been predicted based on observations of human colon cancer.
However, the present experiments demonstrated the existence of stem cells described above, as
shown in Fig. 8, and also showed that these cells are not two different types of cancer stem cells
but they switch to one another, and the transition s involved in the formation of the hierarchical
organization in tumor.

In addition, as described in Example 2, the NOG-established cancer cell lines faithfully
mimicked the final destination of differentiation in each donor's human cancer tissue. This was
always mimicked even after several passages. Thus, it was proven that the cancer stem cells
present in the tissues determined the respective final destinations of differentiation. The findings
described above show that the models of the present invention are suitable to assess the

biological properties unique to cancer stem cells.

[Example 4] The plasticity of cancer stem cells can be observed by monitoring them over two
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generations using IdU and BrdU.

(1) NOG-established cancer stem cell line and staining method

Continuous 1dU labeling was started at the same time when an NOG-established cancer
cell line was subcutaneously transplanted into NOG mice. After 28 days of labeling, the mice
were dissected to prepare an IdU-labeled transplanted cell line for the next generation.
Continuous BrdU labeling was started at the same time when the cell line was transplanted for
the next generation. The mice were dissected three days after transplantation and the tissue
treatment was performed. The resulting serial tissue sections were stained by IHC using an
antibody recognizing both [dU and BrdU (Beckton Dickinson) and an antibody recognizing
BrdU alone (Serotec) in order to detect transitions of proliferative cells and slow-cycling cells

over the generations.

(2) Results and conclusions

As shown in Fig. 9, when the second-generation samples three days after transplantation
were stained by THC, it is found that cells were positively stained with the antibody recognizing
both IdU and BrdU, while some cells were negatively stained with the antibody recognizing
BrdU alone. The above staining result demonstrates that the cells took up IdU in the first
generation whereas did not take up BrdU in the second generation. This suggests that
differentiated cells underwent cell division in the first generation but stopped growing and
underwent transition into slow- or non-proliferating cells (stem cells) in the second generation.

The above-described phenomenon that cells which had once undergone differential
proliferation undergo transition into stem cells has been regarded as a biological property of
cancer stem cells, which is called plasticity (Gupta PB. et al., Nature med. (2009) 15: 1010-12).
Thus, the findings described above show that the models of the present invention are suitable to

assess the plasticity that is a biological property of cancer stem cells.

[Example 5] Cells expressing P53 protein at a low level, which are involved in the

reprogramming of stem cells, are found to be consistent with cancer stem cells.

(1) NOG-established cancer stem cell line and staining method

Recent years have shown that P53 protein is involved in the transition of somatic cells
into stem cells by reprogramming, because, when producing so-called induced pluripotent stem
(iPS) cells, the production efficiency is drastically increased by reducing the expression leve] of
the P53 protein. Furthermore, this mechanism has been reported to play an important part in
cancer stem cells (Krizhanovsky V and Lowe SW, Nature 2009; 460: 1085-6).
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In this context, to test whether cancer stem cells found among an NOG-established
cancer cell line are consistent with cells expressing low levels of P53, the present inventors
subcutaneously transplanted established cell lines into NOG mice treated by continuous BrdU
labeling. The mice were dissected 28 days after transplantation and tissue processing was
performed. The resulting serial tissue sections were visualized by IHC staining using an
antibody against P53 (DakoCytomation) and an antibody against BrdU (Beckton Dickinson).

The sections were observed to assess the consistency.

(2) Results and conclusions

P53 has been reported to be overexpressed in many cancers (Toledo F and Wahl GM.,
Nature rev cancer (2006) 6: 909-923). The present invention also revealed that the protein was
overexpressed in many NOG-established cancer cells. Meanwhile, loss or reduced expression of
P53 was consistent with BrdU-negative or weakly positive cells (Fig. 10).

In recent years, as a biological property of stem cells including cancer stem cells, the
reduced expression of P53 protein has been demonstrated to play an important role in so-called
reprogramming which results in acquisition of pluripotency by somatic cells. Accordingly, the
finding that the expression level of P33 protein is also reduced in the cancer stem cells of the
models of the present invention suggests that a reprogramming mechanism similar to stem cells
works in these cancer stem cells. Thus, the models of the present invention were demonstrated

to be suitable to assess their biological properties.

{Example 6] The process leading to transition of cancer cells into tumor stroma-forming
fibroblasts through Complete-EMT can be observed with NOG-established cancer cell lines.

(1) NOG-established cancer cell line and staining method

NOG-established cancer cell lines were subcutaneously transplanted into NOG mice.
The animals were dissected 14 days after transplantation to obtain tumor masses. By [HC
staining specific to human 2 microglobulin, the tumor masses were assessed for species origin.

In addition, before in vitro culture, cells to be plated were tested for the species origin
by flow cytometry using Anti-Human HLA-ABC Antigen/RPE antibody (DAKQ, Cat. No.
R7000; human specific) and Anti-mMuse MHC class | antibody (Abcam, Cat. No. ab15680-50;
mouse specific). Then, the cells were cultured in Medium 1 to monitor the emergence of
fibroblast-like cells.

(2) Results and conclusions

Human-derived fibroblasts were observed in the tumor stroma (Fig. 11).
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Furthermore, cells which had been confirmed to include about 90% of human cells
before culture were cultured in Medium 1 used in Example 1. The emergence of fibroblasts was
detected (Fig. 12).

[Example 7] The models of the present invention enable detection of morphological structures

characteristic of resistance to anti-cancer agents.

(1) Detection of NOG-established cancer cell line-derived cells resistant to anti-cancer agents
Well-differentiated adenocarcinoma and moderately-differentiated adenocarcinoma
were each transplanted into three heads of NOG mice, and 5-fluorouracil (5-FU, Mayne Pharma)
was administered at 100 mg/kg into the peritoneal cavities 7, 10, and 14 days after
transplantation, a total of three times. On the day following the final administration (15 days
after transplantation), the tumor masses were harvested and processed by the same method as

described above to prepare HE-stained samples. The samples were histopathologically

compared with samples prepared from a control group (3 cases) administered with the vehicle

alone.

(2) Results and conclusions

As shown in Table 2 and Fig. 13, with respect to well-differentiated adenocarcinoma,
the highly differentiated glandular structure was reduced and poorly differentiated glandular
ducts with an unclear glandular structure were dominantly observed as compared to the control
group. As for moderately-differentiated adenocarcinoma, the budding was reduced, whereas
poorly differentiated glandular ducts were observed as the major histological structure. The
findings described above demonstrate that sites sensitive to anti-cancer agents are: (1) the
glandular structural sites formed via the epithelium-like growth process with active proliferation
in well-differentiated adenocarcinoma and (2) the budding structural sites during the process of
invasive proliferation in moderately-differentiated adenocarcinoma. Meanwhile, poorty
differentiated glandular ducts were shown to be resistant to anti-cancer agents.

As described above, since characteristic groups of cells and tissue structures were
demonstrated to be resistant to anti-cancer agents, the models of the present invention are
expected to be applicable to assess the process of selecting them, the process of acquiring the
resistance as a result of a long-term drug treatment, the process of recurrence after treatment with
anti-cancer agents, etc. Thus, the present invention demonstrated that the models of the present
invention enables search for factors involved in the above-described processes and

search/screening for pharmaceutical agents that target an above-described factor.
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[Table 2]
CHARACTERISTIC STRUCTURES OBSERVED WITH EACH LINE AFTER 5-FU ADMINISTRATION

Well differentiated Moderate differentiated
C12 C2 C3 F1 F2 F3 Ct C2 C3 Ft F2 F3

Epithelial duct forming pattern

Poor differentiated duct + o+ o+ 2+ 3+ 2+ + + + o+ + o+

Moderate differentiated duct 3+ 3+ 3+ 3+ + + + o+ o+ o+ o+ 4

Well differentiated duct 2+ X 2+ £+ 24 e
lnvasive EMT pattern

Dissociated cluster + &£ &£+ + + 2+ 2+ 2+ & 4

a: C, Control: F, 5FU administration

Industrial Applicability
The present invention’s non-human animal models and culture systems with NOG-

established cancer cell lines can be considered as models that reflect more closely the pathology
of human cancer patients, because they maintain the hierarchical organization of cancer cells
unique to human cancer patients, exhibit the cancer progression process, and faithfully mimic the
biological properties thereof. Thus, the present invention’s non-human animal models and
culture systems with NOG-established cancer cell lines can be effectively used to screen for
agents that produce a preventive or therapeutic effect against human cancer or to assess the drug
efficacy of the agents. Accordingly, the present invention can contribute to the development of

pharmaceutical agents for preventing or treating human cancer.
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CLAIMS

1. A method of (i) screening for an anti-cancer agent, (ii) assessing a pharmaceutical agent
for treating or preventing a human cancer, or (iii) searching for an anti-cancer agent
target, wherein assessment is carried out, using as an indicator, hierarchical organization
of a cancer tissue, cancer progression process, or a biological property, which is unique
to pathology of a human cancer, in a non-human animal model transplanted with an
NOG-established cancer cell line or in an in vitro culture system of an NOG-established
cancer cell line,
wherein the hierarchical organization unique to pathology of a human cancer is a
two-layer structure having an area with a glandular structure consisting of cells with
epithelial-like differentiation and an invasive area with cells having a tendency to
differentiate into mesenchymal cells, and
wherein the cancer is colon cancer, stomach cancer, breast cancer, lung cancer or

pancreatic cancer.

2. The method of screening for an anti-cancer agent of claim 1, which comprises the steps
of:

(1) preparing a non-human animal model which is a non-human animal transplanted with
an NOGe-established cancer cell line ;

(2) collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting
from a cell line same as the NOG-established cancer cell line, wherein the tissue piece
or tissue structure is collected from the non-human animal model of (1) which has
been administered a test substance;

(3) monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and

(4) identifying the formation of the hierarchical organization, cancer progression process,

or biological property of a cancer cell, which is inhibited by the test substance.

3. The method of screening for an anti-cancer agent of claim 1, which comprises the steps
of:
(1) culturing in vitro an NOG-established cancer cell line to mimic a biological property

or a structure characteristic of each cancer progression process;
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treating the cultured cell of (1) with a test substance;
monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the cultured cells; and

identifying the hierarchical organization formation, cancer progression process, or

biological property of a cancer cell, which is inhibited by the test substance.

4. The method of screening for an anti-cancer agent of claim 1, which comprises the steps

of:

5.

of:

6]

2

3)

“

preparing a non-human animal model which is a non-human animal transplanted with
an NOGe-established cancer cell line;

collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting
from a cell line same as the NOG-established cancer cell line, wherein the tissue piece
or tissue structure is collected from the non-human animal model of (1) which has
been administered a test substance;

monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and

identifying a test substance that inhibits the formation of the hierarchical organization,

cancer progression process, or biological property of a specific cancer cell.

The method of screening for an anti-cancer agent of claim 1, which comprises the steps

6]

2
3)

“

culturing in vitro an NOG-established cancer cell line to mimic a biological property
or a structure characteristic of each cancer progression process;

treating the cultured cells of (1) with a test substance;

monitoring a time-dependent change of hierarchical organization, cancer progression
process, or a biological property of a donor cancer tissue among the cultured cells;
and

identifying a test substance that inhibits hierarchical organization formation, cancer

progression process, or a biological property of a specific donor cancer tissue.

6. The method of claim 1 for assessing a pharmaceutical agent for treating or preventing a

human cancer, which comprises the steps of:

6]

preparing a non-human animal model which is a non-human animal transplanted with
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an NOGe-established cancer cell line;

collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting
from a cell line same as the NOG-established cancer cell line, wherein the tissue piece
or tissue structure is collected from the non-human animal model of (1) which has
been administered a test substance;

monitoring a time-dependent change of hierarchical organization, cancer progression
process, or biological property of a cancer cell in the tissue piece; and

identifying the formation of the hierarchical organization, cancer progression process,

or biological property of a cancer cell, which is inhibited by the test substance.

7. The method of claim 1 for assessing a pharmaceutical agent for treating or preventing a

human cancer, which comprises the steps of:

ey

)
3)

“

culturing in vitro an NOG-established cancer cell line to mimic a structure
characteristic of each cancer progression process or a biological property thereof;
treating the cultured cell of (1) with a test substance;

monitoring a time-dependent change of the hierarchical organization, cancer
progression process, or biological property of a cancer cell among the cultured cells;
and

identifying the formation of the hierarchical organization, cancer progression process,

or biological property of a cancer cell, which is inhibited by the test substance.

8. The method of searching for an anti-cancer agent target of claim 1, which comprises the

steps of:

ey

(@)

3

“

preparing a non-human animal model which is a non-human animal transplanted with
an NOGe-established cancer cell line;

collecting a tissue piece that exhibits a biological property or a tissue structure
characteristically seen in the cancer progression process in each area, when starting
from a cell line same as the NOG-established cancer cell line;

assessing the expression of DNA, RNA, or protein in the collected tissue piece of (2);
and

identifying a gene or protein that changes in a manner dependent of the hierarchical
organization, cancer progression process, or biological property of a cancer cell in the

tissue piece.
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9. A non-human animal model, which is obtained by transplanting, into a non-human
animal of the same or different species, an NOG-established cancer cell line established by
transplanting a  human  tumor  tissue into a  severely-immunodeficient
NOD/SCID/gamma(c)(null) (NOG) mouse,
wherein the human tumor tissue is derived from colon cancer, stomach cancer, breast cancer,
lung cancer, or pancreatic cancer, and

wherein the NOG-established cancer cell line is one that was established so as to meet

the criterion that it can be transplanted or passaged over three or more generations.



