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for the sensitivity to anticancer or. carcinostati BF1Pg(s) t:hagedrallf.- bepaged . HA...
carried out Using subcultured cancer cells, but ng traft eva@gest.ifgto paged ..7.....
effects of anticancer agent s”upon respective i Rdi VIDAER OHRBGEIPTZING. .
~so-called pridary culture in which sanples tak from a l1ving body are
directly cultured are wi dely enpl oyegrsdeweyedn When using a sanpl e taken
froma living body, only a small anmount of cancer cells can be obtained. In
addition, the sanple contains normal cells other than cancer cells of
i nterest and further contains.many other conponents.

Method for Culturing Animal Cells Under Embedded Conditions

| TECHNICAL FIELD
The present invention relates to a method for culturing animal cells
under embedded conditions, and in particular, it relates to a method for
cultuﬁng animal cellé under embedded _conditiohs,' which method is
applicable to a method for testing the ;ensitivity. to a'nticancer. agents or a

method for testing co-culture.

BACKGROUND ART
As to conventional tests for the sensitivity to anticancer or__'
carcinostatic agents, they may- be carried out uéing subcultured cancer '
cells, but methods of evaluating effects of anticancer agents upon
respective individuals by utilizing._ so-called primary culture in which
samples taken from a living body are directly cultured are wide'ly
employed. | |
 However, when using a.'sample taken from a living body, oniy a
small amount of cancer cells can be obtained. In addition, the sample
contains normal cells other than cancer'ce.lls.of interest and further
contains many other compon_ents.'
| Tests for the sensitivity to anticancer age'nts (anticancer agent
E sensitivity tests) are conventio'ﬁally carried out, using different anticancer

-agents alone or in various combinations, or changing the dose of
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Tests for the sensitivity to anticancer agents (anticancer agent
sensitivity tests) are conventionally carried out, ;using different

anti cancer agents alone or in various conbinations, or changing the dose of
anti cancer agent to various ones, thus discovering optinmmconditions. For
this reason, a sanple taken froma living body is divided under respective
test conditions, and only an aliquot of the anple is used for each test.
However, as nentioned above, if the total amount of cancer cells in the

sanple taken from the living body is small, the anount -of cancer cells as

separated for use in each test becone very slight. Consequently, the
accuracy of the test is lowered or a sufficient anount of sanples |
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cells in the sample taken from the living body is-small, the amount of
c__anc_ﬁer cells as separated for use in each test become very slight.
Consequently, the accuracy of the test is lowered or a sufficient amount of
samples to provide to necessary test_iter_ns‘cannot be obtained. In
addition, the proliferation of cancer cells may be inhibited even when
cultured under conditions where the .cancer. cells are not in contact with
anticancer agents, because of mass pr_olifération of cells other than the
cancer cells, such as fibroblasts. Furthermore, the cancer cells may be
difficult to distinguish from other cells when evaluating culture effect.
This renders it impossible to accurately compare proliferation states of the
cancer cells when in contact with the a.nt'icancer agent and when not in
contact therewith.
Thus, various methods for increasing the accuracy of anticancer
agent sensitivity tests have been .p_roposed. An example of the methods
~includes embedding a sample ébntaining cancer cells in a collagen gel for
culturing. Because the proliferation of cancer cells is quite favorable in
collagen gelé, the comparison between the results of adding and not
adding an anticancer agent in questi'c.)'n is facilitated. There is another
| method in which the numbef of colonies formed upon proliferation of
cancer cells is counted utilizing image analysfs technique. This method is

very favorable for using a sa'fnple which is taken from a living body and



This renders it inpossible to accurately conpare proliferation states of

t he cancer cells when in contact with the anti-cancer agent and when not in
contact therewith. Thus, various nmethods for increasing the accuracy of
anticancer agent sensitivity tests have been proposed. An exanple of the
met hods i ncl udes enbeddi ng a sanpl e contai ning cancer cells in a collagen
gel for culturing. Because the proliferation of cancer cells is quite
favorable in collagen gels, the conparison betdeen the results of adding
and not adding an anticancer agent in question is facilitated. There is
anot her nethod in which the nunber of colonies fornmed upon proliferation of
cancer cells is counted utilizing imge analysis technique This nethod is

very favorabl e f06insanghifu38 "B Eantlt Rl SadPHWRobl9R BetdideNthibl¥tHRA
contains a mxture of cancer cells and fibroblasts, because this nethod
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cancer cells fornmed into in-vivo-1like norphol ogy and col onies forned by the

proliferation einderheiibfasted auotia-npeblidgahbephologly drtte colmméer foraiddsbyi n
the proliferation of fibrob_lasts contained together with the cancer cells in
the sample taken from a living body. This technique, in which the
collagen gel-embedded culture and the image analysis are combined, was
earlier invented by the inventors of the présent application and is
disclosed in the specification of Japanese Patent Application No. Herser 2-
267343 (Japanese Official Patent Provisional Publication (Kokai) No.
Heisei 3-285696).

However, even the above-mentioned conventional technique is
unsatisfactory in respect to culture teéhnique in order to increase the
accuracy of anticancer agent .-s.ensitivity testﬁ. Increase in accuracy of
anticancer agent sensitivity .tesls requires seeding cancer cells at a
appropriate “cell density even in a small amount of cancer cells and
requires cult-uring under an environment as favorable as possible to the
proliferation of cancer cellé.

In a culture method in which a collagen solution containing
dispersed cancer cells is poured into a cultuce dish to form a collagen gel
layer over the entire bottom of the culture dish, the cancer cells are
dispersed over the entire wide surface of the culture dish. This causes the
following problems. In the case where the total amouﬁt of cancer cells is
small, the accuracy of the."test is lowered, cancer cells do not proliferate
well, or wide fluctuations ..occu'r- in the test resu’its, because the count of

the cells per unit area is reduced and because the number of the cells



the. sanpl e taken froma living body. This technique, in which the collagen
gel -enbedded culture and the image anal ysis are conbi ned, was earlier '
invented by the inventors of the present application and is disclosed in
the specification of Japanese Patent Application No. Heisei 2- 267343
(Japanese O ficial Patent Provisional Publication (Kokai) No. Heisei
3-285696). However, even the above-nentioned conventional technique is
unsati sfactory in respect to culture techniqug;in order to increase the
accuracy .of anticancer agent sensitivity tests. Increase in accuracy of
anticancer agent sensitivity tests requires seeding cancer cells at a
appropriate cell density even in a small amount of cancer cells and
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cancer cells do not proliferate

living bodies. Furthermore, i_n the case where cancer cells present at a
high density over the entire surface of a wide culture dish is cultured, it is
impossible to provide an adequate amount of nutrients to the cancer cells
in a collagen gel layer via the surfaée thereof using a culture solution
which just covers the surface of ‘the collagen gel layer. Likewise,
components excreted from the cancer cells during the. culturing are
difficult to eliminate from the surface of the collagen gel layer into the
culture solution. This means that anticancer agents are difficult to
remove from the collagen gel layer even when it is attempted to wash off
the an(icancér agents after they have been contacted with the collagen gel
layer in the culture dish for a prescribed length of time. In addition,
nutrienfs b_écomes deficient soon, because the amo'unt of ﬂwe culture
solution to come into contact with the collagen gel layer is conéiderably
smaller than the gel volume.

As conventional co-culture methods, the following methods are
employed: a method in which different kinds of cells are simply mixed; a
method in which cells are faid into the form of multiple layers utilizing a
plane culture method; a lissue culture method in which a lump of tissue
is cultured as it is; and .the like. However, in‘teracti.ons of cells cannot
appropriately be evaluated, because cells as mixed for the co-culture or

used in the non-separated form cannot be measured in the form



well, or wide fluctuations occur in the test results, .because the count of

the cells per unit area is reduced and because the nunber
present within the field of view taken for inmge anal ysis

of the cells
is small. A large

anount of cancer cells is needed for dispersing cancer cells at a

sufficient density over the entire surface of a wide culture dish, but
satisfactory tests cannot be carried out using _a small anount of sanples as’
obtained fromliving bodies. Furthernore, in tﬁb case where cancer cells
present at a high density over the entire surface of a wide culture dish is
cultured, it is inpossible to provide an adequate anount of nutrients to
the cancer cells in a collagen gel |ayer via the surface thereof using a
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the culture solution. This nmeans that anticancer agénts are drfficult to
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the anticancer agents after they have been contact ed W th
culture even if the co-culture is applied to this method.

DISCLOSURE OF THE INVENTION

OBJECTS OF THE INVENTION

t he col | agen gel

An object of the present invention is to provide a method by which

precise and adequate sensitivity test can be carried out even if only a small

amount of animal cells can be sampled from tissue.

Another object of the present invention is to provide a method by

which interactions of cells can specifically be observed and measured

when different kinds of cells are cultured simultaneously.

SUMMARY OF THE INVENTION

A method for culturing animal cells under embedded conditions,

according to the present invention, includes a cell dispersion step, an
embedding step, and a culture step. The cell dispersion step includes a
step of dispersing animal cells into a collagen solution. The embedding
step includes a step of placing a drop or drops of the collagen solution on
a surface of a support to allow the drop or drops to gel to form and fix on
the support surface a globular collagen gel or gels having a convex
surface. The culture step includes a step of culturing the animal cells by

bringing a culture solution into contact with the collagen gel or gels.



| ayer in the culture dish for a prescribed length of tine. In addition,
nutrients becones deficient soon, because the anmount of the culture
solution to cone into contact with the collagen gel |ayer is considerably
smal | er than the gel volune. As conventional co-culture methods, the
foll owi ng nethods are enpl oyed: a nethod in which different kinds of cells
are sinply mxed; a nethod in which cells are laid into the form of
multiple layers utilizing a plane culture nethoe% a tissue culture nethod
in which a lunp of tissue is cultured as it is; ¥and the |ike. However,
interactions of cells cannot appropriately be evaluated, because cells as
m xed for the co-culture or used in the non-separated forn1cannot be
measured in the form epa Flbroblasts can be
separat ed i madRElhblP pedded cul ture net hod
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met hod. DI SCLGELR ing t'S'EtheN}{Egléng\‘nvenhon includes a cell dispersion step, an

embedding step, and a culture step. The cell dispersion step includes a

step of dispersing animal cells into a collagen solution. The embedding
step includes a step of placing a drop or drops of the collagen solution on
a surface of a support to allow the drop or drops to gel to form and fix on
the support surface a globular collagen gel or gels having a convex
surface. The culture step includes a step of culturing the animal cells by
bfinging a culture solution into contact with the collagen gel or gels.

The culture method of the present invention may further include
an evaluation ste'p after the culture step.

The evaluation step may include a reagent contact step of using a
reagent utilizing a biochemical reaction which is caused by the cells
embedded in the collagen gel or gels.

The evaluation step inay further include a photographing step of
photographing the collagen gel or gels and an image analysis step of
subjecting to image analysis an image which is taken in the
photographing step. |

The image analysis step may further in&lude a staining step of
selectively staining the cells embedded in thé collagen gel or gels.

The staining stép may include a live cell-staining step of selectively
staining live cells in the collagen gel or gels.

The staining step may include an NR-staining step of selectively

staining live cells in the collagen gel or gels with an NR-staining agent.



OBJECTS OF THE | NVENTI ON An object of the present invention is to provide a
met hod by which precise and adequate sensitivity test can be carried out
even if 'only a snmall amount of aninmal cells can be sanpled fromtissue. '
Anot her obj ect of the present invention is to provide a nmethod by which

I nteractions of cells can specifically be observed and neasured when
different kinds of cells are cultured simultaneously. SUWARY OF THE

I NVENTI ON A nethod for culturing animal cells urder embedded conditi ons,
according to the present invention, includes a cell dispersion step, an
enbeddi ng step, and a culture step. The cell dispersion step includes a
step of dispersing aninmal cells into a collagen solution. The enbeddi ng

step includes a stp MiRRIAA{AN spIhly PhciddePs (fing heep oF IfaGRP the! NiR-ON on
a surface of a suggort to al Ir%/st ﬁghgﬁop %r drops"tl% gel to f ogm and fix on

the support sugiiacfy agamtanes Ahe tRld @IRNaBmdy figkher ravudg aal9uipveép of
surface. The culture Step includes a step of "culturing the animal cells by
bringing a culdririy gl NR-stairingageanfixed initha fixiag sepl agen gel or gels.

In the case where the evaluation step further includes the
photographing step and the image analysis step, the culture method of
the present invention preferably further includes before the cell
dispersion step a preliminary culture step of preculturing a preliminary
culture sample containing the animal cells using the culture solution on
a surface of a preliminary support with a collagen gel layer as an adhesion
factor, and collecting only live cells which are adhered to the surface of
the preiiminary support, thus obtaining the culture sample.

The live cell-staining step may include a step of staining the live
cells with an FDA—staining agent under conditions where the irradiation
amount of excitation light is in a range of 1 X 100 to 1 X 107 lux-sec and
where the measurement environment temperature is in a range of 1 to 15
C. ‘

The culture method of the pré_Sent invention may further include
before the cell dispersion step a preliminary culture step of preculturing a
preliminary culture sample Coﬁtaining the animal cells on a surface of a
preliminary support using the culture solution, and collecting only live
cells which are adhered to the surface of the preliminary support, thus
obtaining the culture 'sample. |

The preliminary Su.ppm_‘t may have a cell adhesion factor which is
coated on a surface of the preliminary support.

The cell adhesion factor is preferably a collagen gel layer.



6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A nethod for culturing animal cells
under enbedded conditions, according to the present invention, includes a
cel |l dispersion step, an enbedding step, and a culture step. The cell !

di spersion step includes a step of dispersing aninmal cells into a collagen
solution. The enbeddi ng step includes a step of placing a drop or drops of
the collagen solution on a surface of a support to allow the drop or drops
to gel to formand fix on the support surface a ghobul ar col | agen gel or
gel s having a convex surface. The culture step i€ludes a step of culturing
the animal cells by bringing a culture solution into contact with the '
col l agen gel or gels. The culture nmethod of the present invention may

Step may 1l ude. aTREZYUAFe SOUTUEE rEnbiopiaidetl=d FIBIER: Ut ving o
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selective color reaction by metabolic activity of the live cells in the
collagen gel or gels. |

The reagent contact step may include a step of quantitatively
analyzing substances which are contained in the cells embedded in the
collagen gel or gels. |

The reagent contact step may include é step' of quantitatively
analyzing substances which are secreted into the culture solution from
the cells embedded in the collagen gel or gels.

The reagent contact step .'may include a staining step of selectively
staining the cells embedded in the collagen gel or gels, and the evaluation
step may further include a 'reagent' extraction step of extracting the reagent
after the staining step.

The sta-ining step may inc!qde a live cell-staining step of selectively
staining live cells in the collagen gel or gels.

The culture solution may be a serum-free culture solution.

The animal cells which are cultured in the culture step may be
primary cells.

The primary cells may be obtained from a slight amount, 0.001to 1 g

of tissue.



subjecting to image anal ysis an image which is taken in the photographing
step. The inmage analysis step may further include a staining step of '
selectively staining the cells enbedded in the collagen gel or gels. The
staining step may include a live cell-staining step of selectively staining
live cells in the collagen gel or gels. The staining step may include an
NR-st ai ni ng step of selectively staining live cells in the collagen gel or
gels with an NR-staining agent. The NR—stainiﬂb step may include a
fixing-step of fixing the NR- staining agent into the live cells and may
further include a drying step of drying the NR-staining agent fixed in the
fixing step. In the case where the evaluation step further includes the

phot ogr aphi ng @e@m@pgrsﬁmsjepﬁge anal ysis step, the culture nmethod of the
present invention preferably further includes before the cell dispersion

step a prelininaryTkelhhimeal stkroataipirgy olitturé sgmplpichiswilhanysectidh wf an

sanple containing the animal cells using the culture solution on
organ or tissue separated from a living body. Such a cell obtained from
living: body tissue is called a primary cell and used for primary culture. A
typical example of the primary cell is a tumor cell. Of the tumor cells,
particqlarly a malignant tumor cell, that is, a cancer cell is an object of the
anticancer agent sensitive test. A culture sample most preferably consists
of cancer cells to be cultured, but in addition to the cancer cells it usually
contains, normal cells such as fibroblasts as a portion of living body tissue,
and the like. Furthermore, it often occurs that dead cells, in addition to
live cells, are contained as cancer cells.

The culture sample may .b'eforehand be subjected to a dispersion
process in which living body tissue is minced and dispersed into a liquid,
or to a separation proceés in which cells other than cancer cells of interest -
and other substances which may interfere with the test are removed. The
living body tissue which is used in the above-mentioned dispersion_or
separation process may be a slight amount, 0.001 to 1 g, of tissue. The
primary cells are separated from living body tissue -by the dispersion or
separation process.

The specific means and conditions for the dispersion and separation
processes may be the same as in conventional cell culture methods. Also,
a cancer cell—containi.ng culture sample may be cultured by the culture
method of the present inven_ﬁon after preliminary culture by various
culture methods to increase the number of the cancer cells of interest. For

this preliminary culture there may be employed conventional culture



a surface of a prelimnary support with a collagen gel |ayer as an adhesion
factor, and collecting only live cells which are adhered to the surface, of
the prelimnary support, thus obtaining the culture sanple. The live
cell-staining step may include a step of staining the live cells with an
FDA- st ai ni ng agent under conditions where the irradiation anount of
excitation light is in arange of 1- X 10[err]_to 1 X 10[err] | ux-sec and
where the measurenent environnment tenperaturel' in a range of 1 to 15

[err]C. The culture nethod of the present invention may further include
before the cell dispersion step a prelimnary culture step of preculturing
a prelimnary culture sanple containing the animal cells on a surface of a
prelimnary suppthddsusiclyas meonalayer eublukejtdosted disdh cultiieg; tomepliagen-gelve
cells which are adhered to the surface of the prelimnary support, thus
obt ai ni ng t he aslturer and dhpllike. Thhe Murmmﬂw@ebﬁm.Prﬁwthavenaoaemay
adhesi on factor which is coated on a surface of the prelim narY support.
The cell adhedieappligs: et orlygpdiramany guliues usgse g«fulfuspatests (tests using

cell culture) of subcultured cells. In the case where the culture-tests of
subcultured cells are carried out, a sample containing subcultured cancer
cells is used. In the preliminary culture, one method which is already
known for culturing cells by adhering them to a support surface is a so-
called monolayer culture method. Specifically, for example, a culture
sample and a culture solution are placed in a culture container and kept
under prescribed conditions, whereby only specific live cells containing
cancer cells are proliferated under conditions where they are adhered
onto a surface of a support such as the culture container. Apparatuses
used and treatment conditions are those as in- the conventional
monolayer culture method. The. material of the support surface on
which the cells are adhered and proliferated may be selected so as to allow
the cells to f.‘;worably adhere and pro.liferate,-or the support surface may be
coated with a chemical substanée, a so-cailgd cell adhesion factor, which
allows the cells to favorably adhere and proliferate. As examples of the
cell adhesion factors there can be cited ‘various types of so-called
extracellular matrixes such as collagen, fibronectin, laminin and
vitronectin. Of them, Type-1V collagen is preferred.

After culturing, unnecesséfy components of the culture sample,
which do not adhere to the surface of the support, are removed by
removing the culture solution from the culture container, whereby only

live cells which are adhered to the surface of the support can be collected.
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The culture solution nmay contain dextran sul fate. The reagent contact step
may include a colorinetric analysis step of carrying out colorinetric

anal ysi s using a coloring reagent which causes a selective col or reaction
by metabolic activity of the live cells in the collagen gel or gels. The

reagent contact step may include a step of quantitatively anal yzing

substances which are contained in the cells enbedded in the coll agen gel

gels. The reag

ent contact step may include a sted bf quantitatively

or’

anal yzi ng substances which are secreted into the culture solution fromthe

cell s enbedded

col |l agen gel o
extraction ste

in the collagen gel or gels. The reagent contact step may
I ncl ude a staining step of selectively staining the cells enbedded in the
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live cells in
serumfree cul

the collagen gel or gels’ The Culture solution may be a
b vedl UAimBans such as EGTA-trypsin treatment may be used for the

collection of the live cells which are adhered to the support surface.

In the preliminary culture, in the case where the on—col!agen-gel
culture is carried out, a co!lage.ri gel layer can be used. The material for
the collagen gel layer for the preliminary culture. may be the same as the
collagen material used to for;m a globular collagen gel as described later.
The thickness of the collage-n gel layer may be such that cancer cells do not
directly adhere to a surface of the support. Cancer cells which are adhered
to a surface of the collagen gel layer can easily be separated and collected
from the support surface by tr'eatment.with.co!lagenase. '

As mentioned above, if the culture sample containing cancer cells is

precultured on a surface of another support, even though the total"

amount of cancer cells initially obtained from living bodies and the like is
small, the cancer cells can be embedded in the globular collagen gel to a
suitable and sufficient density, allowing more tests to be conducted and
providing greater accuracy of the tests. In addition, if a collagen gel layer
is pre-formed on a support surface, if a culture sample containing cancer
cells is cultured on a surface of the collagen gel layer, and if only live cells
which are adhered to the surface of the collagen gel layer are collected by
treatment with collaéenaéé, the cancer cells proliferates on the collagen
gel better than when they are cultured under directly adhered conditions

to the support surface. The collagendase treatment for collecting the

_proliferated live cells rarely damages the live cells. This is because the



The animal cells which are cultured in the culture step may be prinary
cells. The primary cells nmay be obtained froma slight anount, 0.001 to 1
g, of tissue. (Cel | dispersion step): The ani mal ceII-contalnlng cul'ture
sanple is usually a section of an organ or tissue separated froma living
body. Such a cell obtained fromliving body tissue is called a primary cel
and used for primary culture. A typical ex mgle of the primary cell is a
tumor cell. OF the tunor cells, partlcularay@a mal i gnant tunor cell, that
is, a cancer cell is an object of the anticancer agent sensitive test. A
culture sanple nost preferably consists of cancer cells to be cultured, but
In addition to the cancer cells it usually contains normal cells such as
fibrobl asts asoldagemase otreatmentienyyionelyzes sthgecoliagent igel Ilayer. ifsglt hotoor e,
it often occurs that dead cells, in addition tﬁ |ive ce|ls, are contained

as cancer cel mhiclrithedive gells aempdberedypuies b affesiing theslive seflagand thus

di sper si on
P there is little adverse effect on the live cells.

If dextran sulfate is added to the culture solution to bring into
contact with the globular collagen gel, dextran sulfate serves to preVent
the collagen gel from contracting, because dextran sulfate suppresses the
proliferation of fibroblasts. The proportion of dextran sulfate to add to
the culture solution is prefe_rably in a range of 5 to 100 g per milliliter of
the culture solution. The same effect is also produced when a serum-free
culture solution is used instead of adding dextran sulfate to fhe culture

solution.

(Embedding step):

A collagen solution used for forming the globular collagen gel(s) -
may contain a common collagen material conventionally used in various
animal cell-embedded culture methbds, a high-molecular material such
as polysaccharides and other extracellular matrixes, and a liquid material.
For example, the collagen used is preferably acid-soluble type-I collagen.
Various components other than collagen, whicl{ are necessary for culture,
may also be added to ti1e collagen solution. The collagen solution
prefei'ably has the composition. of a buffer solution to match with or
approximate to -physi-ologica'l conditions of cancer cells of interest. As to
animal-oriented cancer cells, the solution is buffered to a pH of 6.2 to 7.6,
preferably 6.8 to 7.4, while the ionic strength is preferably set within a
range of 100 to 180 mmols, preferably 140 to 160 mmols. Conventional
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process in which living body tissue is mnced and di spersed into a |iquid,
or to a separation process in which cells other than cancer cells of
i nterest and ot her substances which may interfere with the test are
removed. The living body tissue which is used in the above-nenti oned
di spersi on or separation process nmay be a slight amount, 0.001 to 1 g, of
tissue. The primary cells are separated fron1|ix£gg body tissue by the

di spersion or separation process. The specific s and conditions for the
di spersi on and separati on processes nay be the same as in conventional cel
culture nethods. Also, a cancer cell-containing culture sanple may be
cultured by the culture nethod of the present invention after prelimnary
cul ture by var imethods| hay deragiptiedsfor onixiogetheecul hrersample ipitotthe collagen
cells of interest. For this prelimnary culture there may be enpl oyed
conventional cgplutien. Theedensity efieancgs calbnin ssad intgl therellagsatsedubieslis
culture, on-collagen-gel culture, .and _the |ike. The | ture nethod of the
present invent ik eﬁ&}ﬂi@ EARee ﬂ%ﬁ”téﬁfﬁo ot ﬂ@‘ﬁ%ﬁ&zm% Lﬁsé’,ecﬁ ¥ fgarshec o
culture-tests grxerrslgrsy culture, the density is preferably in a range of about 10¢ to about

[

107 cells/ ml.

The collagen concentration and the viscosity of the collagen solution
influences the structure of the later-mentioned globular collagen gel. The
specific quantitative conditions vary depéndently on conditions such as
the purpose of the test, but the collagen concentration is preferably in a
range of 0.1 to 2.0 wt. %. In the case where the concentration is too high,
the viscosity as mentioned below is high. On the other hand, in the case
where the concentration is too low, the globular shape is difficult to
maintain. The viscosity is preferably in a range of 50 to 2,000 centipoise,
and more preferably 100 to 1,000 centipoise. In the case where the
viscosily is too low, the cells precipitate in the collagen solution, comes
into contact with a surface of fhe support, aﬁd proliferate in the form of a
monolayer, thus making it impossible to make an accurate evaluation of
effects of anticancer agents. On fhe other hand, the viscosity is toc high,
the collagen solution is difficult to handle. In addition, the gel strength
upon gelation of the collagen solution also affects the performance, and
therefore collagen used preferably has a gel strength of about 50 to about
1,000 g, more preferaSly about 50 to about 700 g and still more preferably
100 to 500 g. The value of tﬁ_e’ gel strength is that which is measured
according to JIS (Japanese lﬁdustrial Standard).- In the case where the gel

strength is too low, the globular collagen gel peels off from a surface of the



using cell culture) of subcultured cells. In the case where the
culture-tests of subcultured cells are carried out, a sanple containing
subcul tured cancer cells is used. In the prelimnary culture, one nethod
which is already known for culturing cells by adhering themto a support
surface is a so-called nonol ayer culture nethod. Specifically, for exanple,.
a culture sanple and a culture solution are placed in a culture container
and kept under prescribed conditions,-mherebiffnly specific live cells
cont ai ning cancer cells are proliferated und conditions where they are
adhered onto a surface of a support such as the culture container.
Appar at uses used and treatnent conditions are those as in the conventional
monol ayer culture method. The material of the support sugface on which the
cel I's are adhefupperd@ysing tests aréberw tendsstq eenleects Padhe other bandnthecel | s

to favorably ad ere an rolf r t he support suyface e coated
with a chem ca8® sﬁﬁ%&iﬂ&gm"a}“ @é‘r“i’o‘é ég‘i“iﬁch Efsdlnhn%?‘gh al | ows
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unnecessary COAReRUSsHYs $lt% GYIPFEdRHER! fud multidishes, flasks, and other
conventional culture containers may be used as the support. In addition,
culture plates such as glass or plastic cover slips and cell disks may also be
used. The surface of the supporf is usually smooth and flat, but lines
including frame—forming ridges and grooves to control the spread of the
placed drop of the collagen solution may also be formed on the support
surface. It is preferable fhat_ the above-mentioned culture containers and
supports are optically transparent. |
If a drop or drops of the collagen solution containing a dispersed
culture sample is placed on a surface of the support, the surface tension of '
the collagen solution acts to form a water-like droplet or droplets on the
surface of th.e support. As a result, a globular Cdl_lagen gel or gels with a
spherical convex surface can be formed. The shape of the globular
collagen gel differs depending on factors such as the viscosity and
temperature of the drop of the coliagen solution which is placed, the
amount of each drop of the collagen solution which is placed, the
wettability of the support surface, and other conditions. In additidn, it is
preferable to set the gel tb the desired shape depending on the test method
to be employed including, for.example, photography conditions when

photographing the globular collagen gel for the image analysis .



whi ch do not adhere to the surface of the support, are renoved by renoving
the culture solution fromthe culture container, whereby only live cells
whi ch are adhered to the surface of the support can be collected. !
Specifically, dead tumor cells, lunps of dead tunor cells, |unps of
fibroblasts, substances not digested by enzynes, and the |ike can be
renoved. A mreans such as EGTA-trypsin treatnment nmay be used for the
collection of the live cells which are "adhered 15t he support surface. In
the prelimnary culture, in the case where the 6n-col |l agen-gel culture is
carried out, a collagen gel |layer can be used. The material for the
col l agen gel layer for the prelimnary culture may be the sane as the

col l agen materi al Eghkﬁlagée)hmégl@ﬁb%}ﬁ#}ﬁht@lia@gﬂ I8h @ ﬂﬁi}ﬁf:‘t b@ﬁ? lfter.

The t hickness of the co ~may be”such that caricer ‘celTs do
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adhered to a surface of the collagen-gel Il"ayer can easily be separated and .
col l ected .frombhe SURPOH t%eﬁélrrfléfeb@)pléée@lat manadditioh, c aiHefig@was er Modre

menti oned above, if theé culture sanpl'e containing cancer cells is
collagen gels are cultured simultaneously, the gels may be in contact with
each other on their partial or entire interface.

[f the globular collagen gel with a convex surface is used, the
globular collagen gel has a much smaller volume than a layered collagen
gel, and thus, even when only a small amount of cancer cells is obtained
from living body tissue, the cells can be seeded to a suitable and sufficient
density. In addition, a wide area of the convex surface comes into contact

~with the culture solution, thus allowing for very efficient uptake of
nutrients by the cells and excretion of waste from the cells. Furthermore,
if the size of the culture container is selected, the amount of the culture

solution which comes into contact with the collagen gel can relatively be
increased. The culture method of the present invention far more greatly.
improves the proliferativ_ity of cells than conventional methods in which
a collagen gel layer is formed over the entire internal bottom of a culture

‘dish and nutrient and waste are exchanged only at a flat surface of the

collagen gel layer. -

In addition, the globular collagen gel is firmly fixed onto a support
surface, because the globular collagen gel is formed by placing é drop or
drops of a collagen sélutioﬁ 'containing cancer cells onto the surface of a
support such as a culture dish, and then gelating the drop(s).
Consequently, results of culturing cancer cells of interest may be observed

or photographed while more easily specifying positions of the cells after



precul tured on a surface of another support, even though the total anount
of cancer cells initially obtained fromliving bodies and the like is
smal |, the cancer cells can be enbedded in the globular collagen gel to'a"
suitable and sufficient density, allowing nore tests to be conducted and
provi ding greater accuracy of the tests. In addition, if a collagen gel

| ayer is pre-formed on a support surface, if qﬂculture sanpl e cont ai ni ng
cancer cells is cultured on a surface of the cnfiagen gel layer, and if
only live cells which are adhered to the surface of the collagen gel |ayer
are collected by treatment with col |l agenase, the cancer cells proliferates
on the collagen gel better than when they are cultured under directly
adher ed condi cubtasirtg thhe sesgubtsr obinddaby. cdlleriog| tanenacdist iread daydred or
collecting the proliferated live cells rarely damages the live cells. This
i s because t heollagemwigehgbnasiditipratheemethod fapipjacing tthdrappr alyops ¢éltheayer
itself onto which the live cells are adhered prior to affecting the live
cells, and t hgellagen esolytiongt fos gyomple &avedncbile rirappieg cdd sollagen

dextran sulfate is added to the culture solution to Pr pg_lnto _
solution from above the support surface, or gently placing the collagen

solution into the form of a globula} water-like droplet or droplets using a
pipette near the support surface. | |

Specifically, under normal test conditions, the size of each globular
collagen gel is made to be in a range of 3 to 300 microliters, and preferably
3 to 150 microliters, in terms of the volume of a drop of the placed
collagen solution. For practical use, a range of 5 to 100 microliters is
preferred, and a range of about 15 to about 50 microliters is more
preferred. [f primary cells are cultured, the gel is preferably about 30
microliters; and when using an established cell line, a gél of about 20
microliters is preferred. In addition, the height of the globular collagen -
gel is preferably made to be about 2 mm or less. The number of the
formed coll::;gen gel globules and their placement spacings on the surface
of the support may optionally be varied as desired to match the
measurements of the globular collagen gel and the structure of the
support.-

Conventional collagen gels used for microscopic observation and
image analysis need to have a high..transparency, but in the method
according to the pres;ent invention even collagen gels with a relatively
low transparency can be used. | Specifically, collagen gels with a -
transmittance of 1 t0 95 % .fo'r 40O nrﬁ light can be used. A test even using

collagen gels with a low transmittance within the above-mentioned range



contact with the gl obular collagen gel, dextran sulfate serves to prevent
the collagen gel fromcontracting, because dextran sul fate suppresses the
proliferation of fibroblasts. The proportion of dextran sulfate to add to
the culture solution is preferably in a range of 5 to 100 [err]g per
mlliliter of the culture solution. The same effect is also produced when a
serumfree culture solution is used instead of I ng dextran sulfate to
the culture solution. (Enbedding step): A colladagen solution used for

form ng the globular collagen gel(s) may contain a comon col | agen nmateri al
conventionally used in various animal cell-enbedded cul ture nethods, a
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solution is buffered to a pHof 6.2 to 7.6, preferably 6.8 to 7.4, while
the ionic strapgtdellsstopeRhRPAS) dal&itim Vinbbgania salts such as calcium phosphate,

lipids, carbohydrates, proteins.

(Culture step): |
‘The formed globular collagen gel needs to be kept in a gel state at
least until the culture finishes. Even a three-dimensional globular
- collagen gel becomes flat and dry if it loses moisture due to drying,. Once
it is dried, it is difficult to restore to its original three-dimensional shape |
even if it is brought into contact. with water. Thus the globular collagen
gel is preserved, after its formation until the culture solution and the like
are supplied, so that it may ﬁot_ excessively dry. So long as the globular
collagen gel is in contact with the cu.lture solution, there is no possibility
that the gel may dry. After the co_mpletidn of the culture, the fixing and
drying of the globular collagen gel presents no problem for evaluating
- culture results. - |
If the support is a culture container such as a culture dish, the
culture solution may be brought into contact with a surface of the support
by simply pouring ti-le culture solution into the container to cover the
surface of the support. If the support is a culture plate, the culture
solution may be poured in under conditions where the culture plate is

placed in another culture container.



range of 100 to 180 mmols, preferably 140 to 160 mmls, in NaC
concentration. Conventi onal 13 nethods may be applied for m xing the
culture sanple into the collagen solution. The density of cancer cells to
seed into the collagen solution is preferably in a range of about 10[err]

to about 10[err] cells/m . Especially for the primary culture, the density -
is preferably in a range of about 104 to about 10[err] cells/m . The

col  agen concentration and the viscosity of the %8l |agen sol ution

i nfluences the structure of the later-nmentioned globular collagen gel. The
specific quantitative conditions vary dependently on conditions such as the
purpose of the test, but the collagen concentration is preferably in a

range of 0.1 to 2.xBhMbus %orvbrdtithf2881IURETRILHENS HREPNBE AldedN deBeh@phi 9h.
the viscosity as nentioned belowis high. On the other hand, in the case

where the CONgg¥d alekPedniti®fs.! OFhd hdrapositbar ofhaie duttubel sblitidn @
mai ntain. The viscosity is preferably in a range of 50 to 2,000 centi poi se,
preferably suited for proliferating cancer cells of interest, but suppressing
the prolifération of other cells. As culture solutions there are known
serum culture solutions, Which contain serum, and serum-free culture
solutions, which are free'from serum, .and either may be used in the
present invention. Serum-free culture solutions are characterized by
containing no serum, unlike conventional culture solutions used for cell
culture contain serum as one of their components. Consequently, the
serum-free culture solution is prepared by combining various chemical
substances necessary for cul'tu-ring,. except serum. The specific
components and their proport'ibns may be determined as needed, but
serum-free culture solutions to be used have a composition which allows
satisfactory proliferation of cancer cells of interest while suppressing the -
proliferation of other cells. Particularly a serum-free culture solution
containing éomponents which suppress the proliferation of fibroblasts is
preferred. The serum culturé solution, which is used, normally has a
serum concentration of about 0.001 tb about 5.0 %, but good results are
sometimes obtained even by using one with a serum concentration of
about 5 to about 20 %. Dextran sulfate can be added to the culture
solution whether it contains serufn or not. The amount of the culture
solution is enough to cover. the globular collagen gel for a satisfactory

degree of culturing. In the case where the number of cancer cells as

embedded in the globular collagen gel is large, the amount of the culture



and nore preferably 100 to 1,000 centipoise. In the case where the
viscosity is too low, the cells precipitate in the collagen sol ution, comes
into contact with a surface of the support, and proliferate in the form of

a nonol ayer, thus making it inpossible to make an accurate eval uati on of
effects of anticancer agents. On the other hand, the viscosity is too high,
the collagen solution is difficult to handle. In addition, the gel strength’
upon gel ation of the collagen solution also aff gs t he perfornmance, and
therefore coll agen used preferably has a gel stTength of about 50 to about
1,000 g, nore preferably about 50 to about 700 g, and still nore preferably
100 to 500 g. The value of the gel strength is that which is neasured
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and the like, a collagen layer which contains tested cells instead of the

culture solution may be placed in the layered form over the entire
container. | | |

" The culture is performed by keeping the culture solution in contact
with the globular collagen gel as fixéd' to the support surface, for a
prescribed period of time under environment éonditidns such as in a
thermostat incubator or a carbon dioxide incubator. In order to test the
sensitivity to an anticancer agent, it fnay b.é-_brought into contact with the
globular collagen gel as fixed to the support surface, at an appropriate
stage before or during the chlture. .Specifically, the anticancer agent may
be added to the culture solution, or the culture solution may be
exchanged with a culture solution to which the anticancer agent is added.
Procedures and conditions for bringing the anticancer agent into contact
with the collagen gel may be optional. In order to test effects of agents
other than the anticancer agent, such agents may be brought into contact
with the collageﬁ gelin the same manner as the anticancer agent. When
effects of a change of temperature, for example, by heating, or effects of
radiations or the like are tested, the globular collagen gel may be exposed

under those conditions for a given period of time.



as it has a surface capable of fixing a collagen gel to it. For exanple,

cul ture dishes such as Petri dishes and nultidishes, flasks, and other
conventional culture containers may be used as the support. In addition!
culture plates such as glass or plastic cover slips and cell disks may al so
be used. The surface of the support is usually snmooth and flat, but |ines

i ncluding frame-forming ridges and grooves to control the spread of the
pl aced drop of the collagen solution nay al 8¢} be fornmed on the support
surface. It is preferable that the above-nentioned culture containers and
supports are optically transparent. If a drop or drops of the coll agen
solution containing a dispersed culture sanple is placed on a surface of

t he support, the surface tension of the collagen solution acts to forma
wat er - | i ke drd%wguﬁﬂoﬂ?ﬁﬂrets on the surface of the support. As a result, -
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the test methqd order to evaluate culture results, such as the proliferation state of
cancer cells of interest. | For éxample, the number of the formed colonies
or cells may be counted by visual observation using a microscope, or an
image obtained by photographing or imaging may be analyzed. Various
characteristics of cancer cells may be observed and evaluated while the
cancer cells are present in the globular collagen gel as fixed to a support
surface.

When image analysié is carried out as a method for evalﬁating
culture results, the placement form of the globular collagen gel on the
support surface or the structure of the culture container or the like is set
so as to facilitate the photographing.and image analysis. Preferably a
support Witil the aforementioned lines including ridges and grooves to
restrict the shape is used in order to précisely set the shape and position of
the globular collagen gel on a surface of the support. I[mages of cancer
cells of interest and their col_()ni_es can be distinguished from other images
such as of fibroblasts by utilizing image analysis in which photographed
images are electronically processed and analeed using a computer or the
like, thus the proliferation s_t;ate of the cancer cells of interest can
accurately be evaluated, because cells as cultured under embedded
conditions in the globular collagen gel show in-vivo-like proliferation

morphology.



to be enpl oyed including, for exanple, photography conditions when
phot ogr aphi ng the gl obul ar coll agen gel for the inage analysis . As to
how to pl ace the gl obul ar collagen gel on the support, one or nore drops of
one col |l agen gel may be placed, or each drop of two or nore collagen gels
may be placed. In addition, when two or nore collagen gels are cultured
simul taneously, the gels nmay be in contact with each other on their parti al
or entire interface. If the globular collagen g ith a convex surface is
used, the gl obul ar collagen gel has a nuch smaller volume than a | ayered
col l agen gel, and thus, even when only a small anmount of cancer cells is
obtained fromliving body tissue, the cells can be seeded to a suitable and

sufficient density, tgpcaﬁqwngogglngtmedgwi{]ﬁé‘r9 1%%5?. BQF“{FBn i&z@ ceens e
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Furthernore, if the size of he culture conta is selected, the anpunt
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relatively be _ _

dead ones, thus-allowing an accurate evaluation of the proliferation state
of cancer cells being studied in the culture-test. 'f‘he stain method may be
a conventional method for staining Qarious cells, so long as it is a method
capable of selectively staining live cells as distinct from other substances
including dead cells. Particular staining agents and staining conditions
may be according to conventional methods. For example, NR stain
methods or latex particle stain methods in which phagocytic activity of
cells is utilized, FDA stain methods in which enzyme activity in celis is
utilized, or other stain methods u.si.ng a fluorescent reagent, or the like
may be used.

An example of the treatment for selectively staining only live cells is
an NR stain treatment, whiéh uses NR (neutral red) stain as the staining
agent. Stain conditions may be the same as in conventional NR stain. In
this NR treatment, if a pigment is fixed into cells and if the globular
collagen gel is then dried, the dried globular collagen gel reflecting culture
results by the stained state can be préserved for a lbng time, and the
procedure of evaluation such as by image analysis provide the same
accurate analysis whenever the evaluation procedure may be made. NR
stain is a p.referable-m'ethod for selectively staining only live ones of
cancer cellﬁ, but if left to stand afler staining, an NR-staining agent as

incorporated into live cells elutes within a short period, thus making an

evaluation impossible except just after staining. If then, as mentioned
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i ncreased. The culture nmethod of the present invention far nore greatly

i nproves the proliferativity of cells than conventional methods in which a
col l agen.gel layer is formed over the entire internal bottomof a culture
dish and nutrient and waste are exchanged only at a flat surface of the
col l agen gel layer. In addition, the globular collagen gel is firmy fixed
onto a support surface, because the globular collagen gel is fornmed by

pl acing a drop or drops of a collagen solutio ont ai ni ng cancer cells onto
the surface of a support such as a culture di ShT and then gelating the
drop(s). Consequently, results of culturing cancer cells of interest may be
observed or photographed while nore easily specifying positions of the
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possibility of degeneration or degfadation. Means for drying, for example,
may be water-absorption using filter paper, air-drying, or forcible drying
by heating to a range of about 10 to about 50 °C. The dried collagen gel
prepared by removing the moisture from the globular collagén gel has a
flat, sheet-like structure. The dried globular collagen gel can successfully
be sealed using sealants such as Crystal/ Maunt (made by Biomeda).

In addition, in the case where image analysis is performed, the
photography procedure is much éasie_r by setting the focus on canéer cells
in a flat, dry collagen gel rather than on cancer cells in a three-
dimensional, globular collagen gel, allowing a more focused image and
thus a more accurate evaluation of cﬁlture results.

An FDA stain treatment is another treatment for selectively staining
only live cells. This treatment is a method .inc'_luding measuring
fluorescent coloring as produced by a reaction of an FDA (fluorescein
diacetate) staining agent upon live cells followed by exposure to excitatory
light. Basic apparatuses and conditions for tests may be the same as in
conventional FDA stain methods, but in the present invention the
irradiation amount of excitatory light and the .measurement
environment tempe;'atﬁre are set to. within the ranges given later. The
in-vivo-like morphology of colonies that fluorescently colored cells form
in the globular collagen l.gel can be quantified and evaluated by image

analysis. The FDA stain method is a method which allows satisfactory
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pi pette near the support surface. Specifically, under normal test
conditions, the size of each globular collagen gel is made to be in a range
of 3 to 300 mcroliters, and preferably 3 to 150 microliters, in terns of
the volune of a drop of the placed coll'agen sol ution. For practlcal use, a
range of 5 to 100 mcroliters is preferred, and a range of about 15 to
about 50 microliters is nore preferred. If primary cells are cultured, the
gel is preferably about 30 microliters; andfmgpn usi ng an established cel
line, a gel of about 20 microliters is prefér In addition, the height
of the globular collagen gel is preferably nade to be about 2 mmor |ess.
The nunber of the forned collagen gel globules and their placenment spacings

on the surface o{ t he sup E maly 8 tlonallyfbe varledi sired to match
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activity of cancer cells is lowered. However, such disadvantages may be
reduced if the irradiation amount and the temperature conditions are
kept within the ranges given below. This makes it possible to evaluate
the culture state by an FDA stain method prior to culturing cancer cells or
at any stage during_the_-_culture, and to continue the cul-ture thereafter. In
other words, continuous evaluation of the culture state becomes possible.
In particular, if the culture method under embedded conditions in the
globuiar collagen gel is combined w'ith_ the evaluation method utilizing
image analysis, a highly precise measurement and evaluation can be.
made even under condiﬁo.'ns where the irradiation amount of excitatory
light is small and where the fluorescent coloring is weak, thus such a
combined method is preferréd. | |

Conditions for measurement after the FDA stain are as follows: the
irradiation amount of excifatory light is in a range of 1 X 100 to 1 X 107
lux-sec, preferably 1 X 101 to 1 X 105 lux-sec, and the measurement
environment temperature in a rangé of 1to 15 °C, preferably 8 to 12 C.

If colorimetric analysis as another method for evaluating culture
results is carried out'using'a coloring reagent which selectively causes a
color reaction due to me_tabolié activity .of live cells as embedded in the
globular collagen gel, then culture results can comparatively easily be

evaluated even without using complicated equipments such as image



coll agen gels with a low transmttance within the above-nmenti oned range
can satisfactorily be carried out without being affected by turbidity if
the collagen gels are subjected to the |ater-nmentioned stain treatnent.
Sanmpl es which are mixed into the globular collagen gel are various cells,
such as cancer cells and normal cells, and conpounds which act on the
cells, for exanple, calcium inorganic salts such as cal ci um phosphat e,

| i pids, carbohydrates, proteins. (Culture stgp%: The formed gl obul ar
col l agen gel needs to be kept in a gel state at |east until the culture
finishes. Even a three-dinmensional globular collagen gel becones flat and
dry if it |oses nDisture due to drying Once it is dried, it is difficult

to restore 1o ahaieldl Ndhe! BEASR W%ﬁ@wanppaeﬁ %/%fﬁaeh& irS é}fagﬁ&t

into contact w us t gI obul ar collagen gel 1's preserve after
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contact wi th tireblabtd] 8r aaledtabtizhed telldine i9@sed 28 iaiulirg sample or if the
contamination or proliferation of the fibroblasts is suppressed in any of
the various manners as r_nentioned above. In addition, if the coloring
agent is soluble in water, continuous evaluation can be made, because the
wafer—soluble coloring agent gives no mdre affection to cancer cells than
the FDA stain. |

Specific methods and condftions for the step including the above
mentioned colorimetric aﬁalysis may be the same as in culture-tests for
other. cells. The coloring reagent used may be an AB coloring. reagent
(trade name: Alamar Blue, made by Alamar Bioscience Co., Lid.),a WST-1
coloring reagent, an XTT c.oloring. réige’nt, an MTT pigment reductant, or
the like.

A method, by which the measurement can be made even if cells are
dead, is a method including selectively staining substances as confained
in cells in the globular collagen gel, thus evaluating results. The stain
methods.employed may be a 'variety of conventional biochemical stain
methods so long as they allow the selective stain of substances as
contained in cells. Specific staining agents and conditions may be
conventional ones, for example, staining reagents as used for staining
tissue can be used. Préctical eXam_ples of the staining agents are as follows:
hematoxylin, Giemsa's solution, pigments such as Crystal Violet,
ethidium bromide which stains nucleic acid, reagents _which. stain

components such as proteins, carbohydrates and lipids, reagents which

_—
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that the gel may dry. After the conpletion of the culture, the fixing and
drying of the globular collagen gel presents no problemfor eval uating
culture-results. If the support is a culture container such as a cul ture
di sh, the culture solution nmay be brought into contact with a surface of
t he support by sinply pouring the culture solution into the container to

cover the surface of the support. |[If the support is a culture plate, the
cul ture solution may be poured in under condPthons where the culture plate
is placed in another culture container. 18 Various conventional culture

sol utions may be used dependi ng upon test conditions. The conposition of
the culture solution is preferably suited for proliferating cancer cells of

interest, but supP'sebSiaRded e RIOHALAANG) Rhg&ith avhichl b&in Apebifict pHres
solutions there are known serum cul ture sofutlons, whi ch contain serum and

serum free cul §udte as adybsi@ictonyyhantibad esf agdnitr gpecific antigans) BINAgsrobey be
used in the -
and the like.

[f substances as cdnt_ain‘ed in cells in the globular collagen gel are
selectively stained and if its results are evaluated, the productivity of
specific substances from cells can. clearly be distinguished whether the
cells are alive or not, thus the proliferation state of cancer ceils which are
objectives of culture-tests can accurately be evaluated from the substance
productivity of the cells.

[n addition, live cells or cé_ll' components can be stained doubly or
triply. Various actions of cells can be evaluated for an identical sample by
multiple stain of the cells.

Furthermore, the globular collagen gel may be separated from the
support surface, for example, by dissolving the gel, thus evaluating -
culture results. |

An exz;mpl_e of the methods is a method including: quantitatively
analyzing substances as contained in cells in the globular Eo-]lagen gel; and
evaluating its results. The quantitative-analysis.methods employed may
be a variety of conventional biochemical ones so long as they allow
quantitative analysis of substances as contained in cells. Specific methods
for quantitative analysis may be in accordance with conventional ones,
for example, a commassie brilliant blue color method or Lowry method
for quantitatively analyzing proteins, a DABA fluorescent coloring

method for quantitatively analyzing nucleic acid, a luciferin



present invention. Serumfree culture solutions are characterized by
contai ning no serum unlike conventional culture solutions used for cel
culture contain serumas one of their conmponents. Consequently, the :
serumfree culture solution is prepared by conbining various chem cal
substances necessary for culturing, except serum The specific
conponents and their proportions may be determ ned as needed, but
serumfree culture solutions to be used have 2Gconposition which all ows
satisfactory proliferation of cancer cells of interest while suppressing
the proliferation of other cells. Particularly a serumfree culture

sol ution containi ng conponents whi ch suppress the proliferation of

fibroblasts i 9uphife8E&® rRBEERE! oM fiddsutidgS LTP) @, viaHoeb isethisdd, for
normal |y has a serum concentration of about” 0.001 to about 5.0 %  but good

of about 5 to Bbou 20 U Doxt can sulTate can be added to the culture
sol uti on whet her ilf sobstaaices as eoutaiaedniot cdhie imnrthanglobildarhenltagenugd are
solution is enough to cover the gl obular collagen gel for a satisfactory
degree of cul tquantgativalyt analyzerbanddf ds resulinarsevabiatedniderproductivity of
enbedded in the gl obular collagen gel is l.arge, the anmount of the culture
specific substances from cells can clearly be distinguished whether the
cells are alive or not, thus the prolilferation state of cancer cells which are
objectives of culture-tests can.accurately be evaluated from the substance
productivity of the cells.

In addition, anothér .method includes quantitatively analyzing
substances as secreted from cells in the globular collagen gel to a culture
solution, and evaluating its 're_sullts. The qua.ntitative—analysis methods
.empioyed may be a variety of conventional biochemical ones so long as
they allow quantitative anéilys_is of substances as secreted from ceils.
Specific methods for quantitative aﬁalysis may be in accordance with -
conventional ones, for exa'mple, various methods such as methods for
quantitativel-y analyzing lactic acid and the like which are typical
metabolic products (waste). |

If substances as contained in. cells in the globular collagen gel are
quantitatively analyzed and .i_f its results are evaluated, the productivity of
specific substances from cells can clearly be distinguished whether the
cells are alive or not, thus the p;oliferation state of cancer cells which are

objectives of culture-tests can accurately be evaluated from the substance

productivity of the cells.



19 solution needs to be increased or the intervals of exchanging the
culture solution during the culture needs to be shortened. In the case
where interactions of cells are observed in co-culture-tests and the |iKe,
a collagen layer which contains tested cells instead of the culture
solution may be placed in the |ayered formover the entire container. The
culture is performed by keeping the culture $Pution in contact with the
gl obul ar coll agen gel as fixed to the support surface, for a prescribed
period of time under environment conditions such as in a thernostat

i ncubator or a carbon dioxide incubator. In order to test the sensitivity

t ti t, it 4 ' ' th | obul
Lol mgon ool ae fived 1o «BRTHE BESPRETRON QFTIFR BRAWNYES Jhe 9 obdl &
bef duri t t : j £ j . t,.
ndded to the curtulBSo) ae & pHRECYE"Ta) tnd U BRI ERE CABASTERY (BF

AP et o PR AL D LRy IS st e o

according to the present invention.

Figs. 2 are sectional views showing examples of the shape of a
globular collagen gel. | |

Fig. 3 is an enlarged sectional view showing a culture step in an
embodiment according to the present invention.

Fig. 4 is an enlarged'sectional view §howing a culture step in
Exaxhple 22.

Fig. 5 is an enla’rggd sectional view showing a culture step in
Example 23.

Fig. 6 is an enlarged sectional view showing a culture step in
Example 24.

Fig. 7 is an enlarged sect_iohal Qiew showing a culture step in
Example 25.

Fig. 8 is an enlarged sectional view showing a culture step in
Example 26. | |

Fig. 9 is an enlarged sectional view showing a culture step in

Example 27.

BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, the 'prese'nt invention is illustrated by the following
examples of some preferred embodiments. However, the present

invention is not limited to these examples.



with the collagen gel may be optional. In order to test effects of agents
ot her than the anticancer agent, such agents may be brought into cont act
with the collagen gel in the sane manner as the anticancer agent. Wen
effects of a change of tenperature, for exanple, by heating, or effects of
radi ations or the like are tested, the globular collagen gel nmay be exposed
under those conditions for a given period of tine. 20 (Eval uation step):
Dependi ng on cul ture conditions, cancer cel 28 n the gl obul ar col |l agen gel
are proliferated or dead after the conpletion of the culture. Means of
eval uation as in conventional culture nethods nmay be applied in order to
evaluate culture results, such as the proliferation state of cancer cells
of interest. For exRn®Blplanitién WiPelowPibd ?we“pw@daﬁ% QN QRtieanced! ageriay be
counted by visual observation using a mcroscope, or an inmage obtaihed by
phot ogr aphi ng sehsitiR@g NestnEy akeexcdtapler atcorilitig ovisthehpraenerinvenasnof Lancer -
cells may be observed and evaluated while the ..
summary flow sheet is provided as Table 1.

Table 1

- --Sensitivity Test Flow Sheet --

(1) Starting materials (Surgical materials, biopéy samples, human
cancer xenografts in nude mouse, established cell lines, etc)

(2) Preliminary washing step

(3) Dispersion step (Cell dispersion/multienzyme complex)

(4) Separation step (Density gradient centrifugation)

(5) Preliminary culture (cell distinction)

(6) Preliminary proliferation culture (serum-free/serum proliferation
culture solution)

(7) Cell re-dispersion step (treatment with collagenase alone)

(8) Culture ;mder embedded .condiﬁo'ns in globular collagen gel

(9) Agent contact (anticanéer ageﬁt)

(10) Proliferation culture (serum-free/serum proliferation culture
solution) |

(11) Color reaction (cell viability measﬁrement)

(12) Spectral analysis

(13) Stain (cell stain/ coloring)

(14) Image analysis




cancer cells are present in the globular collagen gel as fixed to a support
surface. Wien inmage analysis is-carried out as a nethod for eval uating
culture results, the placenent formof the globular collagen gel on the’
support surface or the structure of the culture container or the like is
set so as to facilitate the photographing and i nage analysis. Preferably a
support with the aforenentioned |ines includzgg ri dges and grooves to
restrict the shape is used in order to preci ¥y set the shape and position
of the globular collagen gel on a surface of the support. Inmages of cancer
cells of interest and their colonies can be distinguished from other inmages
such as of fibroblasts by utilizing i mage analysis in which photographed

i mages are electronically processed an&xaﬂﬁﬂ?ied usi ng a conputer or the

i ke, thus the pro iferatign state of, the Bancer ell s .of interest can

. t
accuratel y be eval GaRed cellsc xfee tesfeds ageording fpethe, salips §Mpedded

condit1 ons 11 e, ' SR §rolHe9eHE inSHREA Y HO JrhS SRR k"

flow sheet of Table 1, thus comparing effects of different anticancer agents.

(S.téu'ting materials):
Using a surgical sample as obtained from a human breast cancer
patient as the starting material, it was treated according to the order as

shown in the flow sheet.

(Dispersion step):

The capsule, fat, etc. were removed from the tissue sample
containing the breast cancer using scissors and forceps under aseptic
conditions, and then sliced with a razor. The sliced interstitial tissue was
treated for two hours with a multienzyme complex containing
collagenase -(producf of Nitté-Gelatin Inc), hyaluronidase (product of
Sigma Co.), dispase (product of Godo Shusei Co.), elastase (product of
Wako Pure Chemical Industfie_s, Ltd.) and DNAse (product of Sigma Co.),

thus digesting the interstitial tissue (see Example 1B).

(Separation step (principally blood cell separation)):
The tissue whose interstitial tissue had been digested in the previous
step was filtered with a nylén- mesh filter (¢ 250 um), the isolated cells

were collected by centrifugal separation, and then' density gradient
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After culturing using the globular collagen gel, if only live cells in the
gl obul ar col | agen gel are selectively stained and If its results are

eval uated, then live cancer cells can accurately be distinguished f rom dead
ones, thus al l owi ng an accurate evaluation of the proliferation state of
cancer cells being studied in the culture-test. The stain nethod may be a.
conventional nethod for staining various-cells, so long as it is a nmethod
capabl e of selectively staining live cells §{)distinct from other
substances including dead cells. Particular staining agents and staining
condi tions may be according to conventional methods. For exanple, NR
(neutral red) stain nethods or |atex particle stain nethods in which

phagocyti c actlafitdifufticieas dsedUbl tdribde thdblddd-dpiefiteeridlisditReeisabRbdst ai n
met hods i n which enzyne activity in cells is utilized, or ot her stain

net hods usi ng @lf édiApoBREAt] ah&agssiitiorDsf meemirok&stmebaxm@de 18n exanpl e of
the treatnent for se ectlvely staining only live cells is an NR stain

treatment, which uses NR stain as the staining agent. Stain conditions may
be the sane as in conventional NR stain. In this NRtreatnent, if a pi gment
is fixed into @eklimiaady i fculheregl otepl asaquirhigen gelrificatidnen plrelad;nadye
dried gl obular collagen gel reflecting culture results by the stained state
can be preser vewliferatipn, and aolliestionNd t he procedure of

The dispersion containing the cancer cells and the like as obtained in
the preceding step (live tumor ée)lcytes + fibroblasts + dead tumor cells +
dead tumor cell lumps + substances undigested by enzymes) was plated
onto a collagen gel (a collagen -ge'l prepared on the bottom of a culture
dish) for culture (for details see Example 1D). The culture solution at the
time of the cell-seeding was DF culture solution +10% FBS (DF: a mixed
culture solution containing one volume of Dulbecco modified Eagle
(DME) culture solution and one volume of Ham's F12 culture solution;
FBS: fetal bovine serum) (see Example 1F). |

Upon the preliminary cultﬁre of the dispersion containing the
cahcér cells and the like in the above-mentioned manner, it 'was observed
that only the live cells adhered to the bottom of the cultufe dish and
spread there.  Specifically, upon observation with a microscope
ifnmediately after culturing and 24 hours thereafter, it was confirmed that
the live cells had adhered to and. had spréad on the collagen gel, whereas
the dead cancer cells, dead cancer cell lumps and substances undigested by
the enzymes were sﬁspended in without adhering to the collagen gel.
The culture solution was then sucked from the culture dish, and the
bottom of the culture dish was washed. Observatio_n thh a nﬁ'croscope

confirmed that the dead cancer cells, dead cancer cell lumps and

This Sheet Has Been Rep

| lIII



eval uati on such as by image anal ysis provide the same accurate anal ysis
whenever the evaluation procedure may be nade.

nmet hod for selectively staining only Iive ones of cancer cells, but if

to stand after staining,
cells elutes wwthin a short period,

NR stain is a preferable

an NR-staining agent as incorporated into live
thus making an eval uation inpossible

I'ef t

except just after staining. If then, as menj, i,oned 22 above, the pignment
is fixed into cells by formalin fixation orUJhe like, it becones possible
to tenporarily prevent elution of the stai ning agent. |f the gl obul ar
I's then washed with water and dried, there is no possibility
of degeneration or degradation. Means for drying, for exanple; may be
wat er - absor pt i suibstigiceg unidigatedbpahe eizyniéyihad, bean remnovbdelaiving ®rily
heating to a range of about 10 to about 50 [err]C. The dried coll agen gel
prepared by reimivegcdlsadiuired to and spreadhen ghebollagercgell agen gel has a
flat, sheet-like structure. The dried globul ar collagen gel can

col | agen gel

successful Iy be sebhelivasely whishamere a@hweéstoca%mew@unrﬁbe(cmlmmgebf

Bi omeda

‘were subjected to collagenase treatment for their separatxon, and the live

tumor cells and the like were cdllec_ted by centrifugal se'paration (see
Example 1E). | |

In the preliminary culture as deécribed above, basically the cells are
separated and collected after 24 hours, but when there were few live
tumor -cell-s which were adhered to the bottom of the culture dish, the
preliminary culture time was extended (for example, to about 2-7 days),
thereby allowing the live tumor cells to proliferate at the preliminary
culture stage.

That is to say, even when the resulting live tumor cells were few,

- they were proliferated by the preliminary culture, thus making it possible

to proceed to the next step.

(Embedding step):

"The live tumor cells as obtained by the above-mentioned
preliminary culture and collection steps were embedded into a globular
collagen gel and cultured. |

The embedded culture was carried out as follows: 1 volume of 10-
fold concentrated Hém's FiZEulture solution (sodium bicarb_onate-free)
and 1 volume of a reconstitutiﬁg buffer .solution (50 mM NaOH solution
containing 260 mM sodium .bicarbonate_ and 200 mM-HEPES) were added

to 8 volumes of Cellmatrix Type [-A (0.3% acid-soluble Type-I collagen
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Corp.). In addition, in the case where inmage analysis is perforned, the
phot ography procedure is much easier by setting the focus on cancer cells
ina flat, dry collagen gel rather than on cancer cells in a three-

di mensi onal , gl obular collagen gel, allowing a nore focused i mage and thus
a nore accurate evaluation of culture results. An FDA stain treatnment is -
anot her treatnent for selectively staining onb%%live cells. This treatnent
is a nmethod including neasuring fluorescent cglring as produced by a
reaction of an FDA staining agent upon live cells followed by exposure to
excitatory light. Basic apparatuses and conditions for tests may be the
same as in conventional FDA stain nethods, but in the present invention the
i rradi ati on asolwtionofpredact eft Mitya IGegatindnd.)ithe breast garearells anidr thertie
tenperature are set to within the ranges given later. The in-vivo-Ilike

nor phol ogy of agzebtained inhtire above-waeriioned preliminace cnifure agd foliertion

gl obul ar col |l agen gel can be quantified and eval uated by i nage ?naLysis.
The FDA st ai nSigBs Heere; %d%@d(répaow%wmeél'm/sthga@gktaei gpixture; the final

concentration was adjusted to 5 X 104 cells/ ml; and the resultant mixture
was kept in ice.

Next, this collagen mixturé solution was placed onto a 24-well
multiplate at 30 ul/well using a micropipette and gelated to prepare
globular collagen gels (for details see Example 1G).

According to this method, if a cell count of 5 X 104 is obtained after
the preliminary culture, then the test may be conducted in 33 wells.

In contrast, using a conventionél method_ (method described in-
Japanese Official Patent Provisional Publication (Kokai) No. Heisei 3-
285696), 0.5 ml of the col.lagen ‘mixture solution (cell density: 5 X 104

cells/ ml) was needed per well, and only 2 wells could be filled for testing.

(Agent contz;ct step (using anticancer agents)):

A 0.5-ml portion of the culture solution containing an anticancer
agent was superposed on the globular collagen gel in which the cancer
cells were embedded and which was obtained in the ébove—mentioned
embedding step, and thé cancer cells were allowed to be in contacted with
the anticancer agent by keeping them in a 5% carbon dioxide incubator at
37 °C for 24 hours. 'ﬁw following six anticancer agents were used: MMC
(mitomycin C), CDDP (cisplatin), VDS (vindesine), VP-16, 5-FU (5-

fluorouracil) and ADM (ad riamyecin).



selective stain of only live ones of cancer cells. However, since
conventional FDA stain nethods include irradiating relatively strong
excitatory light or carrying out the nmeasurenent at about normal
tenperature, these nethods have di sadvantages, for exanple, in that the
activity of cancer cells is |owered. However, such di sadvantages may be
reduced if the irradiation amount and the tenperature conditions are kept
wi thin the ranges given below. This makes it'gpssible to eval uate the
culture state by an FDA stain nethod prior to Culturing cancer cells or at
any stage during the culture, and to continue the culture thereafter. In
ot her words, continuous eval uation of the culture state becomes possible.
In particular, if {RenCuhbUs@riRt BofLtOS ctosiaRaage the aiiftidaness d:%@_ni has

gl obul ar coll agen gel 1s conbined with the evaluation nethod utilizing

i mage anal ysi srerfokedbyysuution, 95 Riasiud eattate aothtborafreat from anmamMianeee -
even under conditions where the irradiation anount of excitatory light is
smal | and wher agérntavid irstestadded; the remudtarst mibdldre whasshakeh in acifbizartesh
method is preferred. Conditions for measurenment after the FDA stain are as
follows: the idieddainabatorotihus wfasbing tha glopularyiellagenigel.aThisrprocedude X

10[err] to 1 X 10[err] . o
was repeated at Jeast every 10 minutes for a total of 3 times, whereby the

’.

anticancer agent was removed from the globular collagen gel.

(Culture step):

After the above-mentioneél agent contact step, 0.5 ml of a culture
solution was added, and the culture was effected at 37 °C .in a 5% carbon
dioxide incubator for 7-14 days. TEe culture solution was exchanged
every 1-2 days. The proliferation culture solution as used was a culture
solution containing a DF culture solution + 10% FBS + 5 ug/ml insulin
.(product of Sigma Co.) + 10 ng/ml EGF (EGF: epidermal growth factor, -
product of Collaborative Co) + 20 ng/ml hydrocortisone (product of

Sigma Co.) (éee Example 1H).

(Colorimetric analysis stép):
- The viability of the cells iﬁ the sample as obtained by the culture was
measured. | |
For the measurement, an AB coloring agent was used to cause a
color reaction by the r'ecl uctive a'ctivity of the cells.
The AB coloring agen't was édded in an amount of 1/50-1/10 relative
to the culture solution, and the reaction was conducted for 6 hours in a

carbon dioxide incubator.
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| ux-sec, preferably 1 X 10[err] to 1 X 10[err] luxsec, and the measurenent
environment tenperature in a range of 1 to 15 [err]C, preferably 8 to 12 C.
If colorinmetric analysis as another nethod for evaluating culture result's
is carried out using a coloring reagent which selectively causes a col or
reaction due to netabolic activity of live cells as enbedded in the

gl obul ar col |l agen gel, then culture results can conparatively easily be
eval uated even without using conplicated eunEQFnts such as i mage

anal yzers. The accuracy of the evaluation is sufficient in practical
application, particularly if a culture sanple with little contam nation by
fi broblasts, or an established cell line, is used as a culture sanple or if

the cont am nat | 0n orey fld [EICALROMOC e dcHl 8BRS depasHBPGRESHTh e 1Y

of the various manners as nentiohed above. T n addition, e coloring

agent is sol ubkgsdiBaed €lof CAM | NUAHFreCY 3ONAION Wl DRelBERd b%ﬁ&%e 4 he

wat er - sol ubl e coloring agent gives no nore affection to cancer ce t han

tBe FDA st ai n. sSg@es phetomitbRd ThantheaOREirh&Nsf tid absrbahedwiad Peufiriged he
above _ _
at 570 nm with a reference wavelength of 600 nm. The results are shown

in Table 2.

_ Table 2 _
- Alamar Blue Absorbance Measurement Results --

Anticancer Con- MMC CDDP VDS VP-16 5-FU ADM
agent trol :

Absorbance 095 0.40 040 069 087 069 065

Effect/ 1.00 0.42 042 0.73 0.91 073 0.68
control '

The same culture solution was ‘also measured using a
fluorospectrophotometer, with an excitatory wavelength of 560 nm and a

detection wavelength of 590 nm. The results are shown in Table 3.

- Table3
-- Alamar Blue Fluorescence Measurement Results --

Anticancer Con- MMC CDDP VDS VP-16 5FU ADM
agent trol .

Fluorescence 7.09 3.24 2.66 513 664 5.07 481
intensity -
(102) B o
Effect/ 1.00 0.46 0.38 0.72 0.94 0.71 0.68
control

—_—
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mentioned colorinetric analysis may be the sanme as in culture-tests for

ot her cells. The coloring reagent used may be an AB col oring reagent (trade
nane: Al amar Bl ue, product of Al amar Bioscience Co., Ltd.), a WST-1 coIoFing
reagent, .an XTT coloring reagent, an MIT pignent reductant, or the like. A
met hod, by which the neasurenent can be nade even if cells are dead, is a
met hod i ncluding selectively staining substances as contained in cells in

t he gl obul ar coll agen gel, thus evaluating nasults. The stain methods

enpl oyed may be a variety of conventional b¥dChenical stain nethods so |ong
as they allow the selective stain of substances as contained in cells.
Specific staining agents and conditions nay be conventional ones, for

exanpl e, stai Qpﬂgr@m@ggﬁnﬁ%% fl for staining tissue can be used.
Practical exanples of the stalnihg agents are as follows: hematoxylin,

G emsa’ s sol uti on,THY @ileided @uncéa:ﬁﬁlecasw_imcté& €3 elie colbhindétuid dHa0yEisiwashi ch
stains nucleic acid, reagents which stain conponents such as proteins,
car bohydr at es veasthedi witthsa freshgeiturevdglation, thus removing the coloring agent.

The culture solution for the washing was free from sodium bicarbonate

and cooled to 4 °C before use. |

The culture container was then transferred to a cooled dark box.

The culture solution was exchanged with a culiure solﬁtion, td
which an FDA-étaining agent (FDA_concentration: 2-10 wug/mi) which
reacts due to esterase activity in live cells had been at;lded, and was shaken
for one hour in a refrigerator (10 °C), thus reacting the FDA with the cells.

The fluorescently colored cells were quantified by image analysis;
The image for the imagé analysis was created using, an inverted
fluorescent microscope, a sample holder cooling apparatus (in-house
product), an excitatory light irradiation control apparatus, a sample holder
driving apparatus and a high-sensitivity cooled CCD camera. The
volume wa; measured on the basis of this image using an image analyzer
according to a conventional method. The results are shown in Table 4.
The intensity of the excitatory light was 1 X 103 lux-sec on the sample

holder.

Table 4
-- FDA Volume Measurement Results --

Anticancer Con- M-MC_' CDDP- VDS VP-16 5-FU ADM

agent trol _
Volume 1524 507 568 925 1413 989 1093
(107 p.m3)

Effect/ 1.00 0.33 0.37 0.61. 0.93 0.65 0.72
control . ' : _




25 stain substances in cell nenbranes, reagents which stain specific parts
such as cytoskel etons, anti bodi es agai nst specific antigens, DNA_probe,Iand
the like. If substances as contained in cells in the globular collagen gel
are selectively stained and if its results are evaluated, the productivity
of specific substances fromcells can clearly be distinguished whether the
cells are alive or not, thus the proliferati state of cancer cells which
are objectives of culture-tests can accuratd§ be evaluated fromthe
substance productivity of the cells. In addition, live cells or cell _
conponents can be stained doubly or triply. Various actions of cells can be
~evaluated for an identical sanple by nultiple stain of the cells.
Furthernore, the ghokddialort @ |thgetogedntional Hensepavahadef meastibemanp gy t
surface, for exanple, by dissolving the gel, thus evaluating culture
results. An examgeearcflysibetheetiabiftyicf therellihodsialsy mdasgredjppquattifyingl y
anal yzi ng substances as contained in cells in the globular collagen gel;
and eval uat i ndghe fluarescance intBnsityuemtlie tnage - Bherssiilts areshovsn smphble nay

Table 5 '
-- FDA Image Fluarescence Measurement Results --

Anticancer Con- MMC CDDP VDS VP-16 5-FU ADM
agent trol

Fluorescence 7.69 3.26 343 474 7.23 4.77 5.35
units (101) ' .
Effect/ 1.00 0.42 045 062 0.94 0.62 0.70
control :

{Spectrophotofiuorimetry):

The cultured cell sampl'e as Subjectéd to the fluorescent stain was
washed for one hour with a fresh cooled culture solution, thus removing
the extracellular fluorescent reagent. The culture solution as used for the
washing was a DME culture solution. This solution was further
exchanged with a culture solution of 37 °C, shaking was performed for
one hour in an incubator at 37 C, and the FDA which had reacied in the
cells was extracted into the solution. The culture solution was separated
off and measured using a fluorospectrophotometer, with an excitatory
wavelength of 490 nm and a detection wavelength of 520 nm. The results

are shown in Table 6..



be a variety of conventional biochenical ones so |ong as they allow
quantitative analysis of substances as.contained in cells. Specific nethods
for quantitative analysis may be in accordance with conventional ones, for

exanpl e, a commassie brilliant blue color method or Lowy nethod for
guantitatively analyzing proteins, a DABA fluorescent coloring nethod for
quantitatively analyzing nucleic acid, a luciferin 26 | um nescence

met hod for neasuring ATP, or various nmethods 86 quantitatively analyzing
car bohydrates. |If substances as contained in cells in the globular collagen
gel are quantitatively analyzed and if its results are evaluated, the
productivity of specific substances fromcells can clearly be distinguished
whet her the cells are alive or not, thuSabkebproliferation state of cancer
cell's which are objectives—-diD4 dpegtrophetefueameline Resulds y be eval uat ed
fromthe substance productivity of the cells. In addition, another nethod

includes quantitafiyglhtepnal ¥ghNIMMC CDDP VDS VP-16 5-FU ADM

agent trol
Fluorescence 7.38 3.37 350 452 6.90 4.68 5.33
units (101) : '
Effect/ - 1.00 0.46 0.47 0.61 093 063 0.72
control :

(Pigment stain analysis stép):

The cultured cell sample as subjected to fhe fluorescent analysis was
washed with a fresh culture solution, thus removing the fluorescent
reagent. The culture solution for the washing was a DME culture
solution.

The culture solution was exchanged with a culture solution to
which an NR-staining agent had been added (NR concentration: 25-50 i |
g/ ml), and shaking was effected for 2 hours in a carbon dioxide incubator,
thus incorporating the NR into the cells.

After the stain, the culture solution contai'ning' the NR was
ekchanged with PBS (Phosphate Buffered Saline), and the sample was
allowed to stand stationary in a room for 10 minutes, thus removing the
NR remaining outside of the céils.

Next, the PBS was exchanged with neutral 10% formalin, and the
sample was allowed..to stand stationary in a room for 40 minutes, thus
fixing the cells and the NR as incorporated into the cells.

The globular collagen gel to which the cells Had been fixed was
immersed in distilled water for 10 minutes, thus remoVing the salts.

When the globular collagen gel which had been immersed in the distilled



substances as secreted fromcells in the gl obular collagen gel. to a culture
solution, and evaluating its results. The quantitative-anal ysis nethods
enpl oyed may be a variety of conventional biochenical ones so |ong as they
al l ow quantitative anal ysis of substances as secreted fromcells. Specific-
met hods for quantitative analysis nmay be in accordance with conventi onal
ones, for exanple, various nethods such as nethods for quantitatively

anal yzing lactic acid and the |ike which arq3§ypical met abol i ¢ products
(waste). If substances as contained in cells i'n the globular collagen gel
are quantitatively analyzed and if its results are evaluated, the
productivity of specific substances fromcells can clearly be distinguished

whether the cells are alive.or not.  thus the proliferation.state of cancer
ol | 6 whi o area e At aERgR: cBin emparuPe Rt l e il Alesuel npdo
fromthe substfgp&%dproduct ivity of the cells. 27 BRI EF DESCRI PTI ON OF
THE DRAW NGS ) ' '

At this time, the cultured cells were fixed in the dried collagen gel
while containing the NR. These fixed cells exhibited no discoloration and
endured long-term preservation.. .

The volurae of the fixed cells was .measured using an irhage analyzer
in the same manner as mén’tioned above. The results are shown in Table
, _

-- Neutral Red Volume Measurement Results --

Anticancer  Con- MMC CDDP VDS VP-16 5-FU ADM

~ agent trol
Volume 1690 519  6.25 10.10 1554 1076 - 12.26
(107 i m3) :
Effect/ 1.00 0.31 0.37 0.60 0.92 0.64 0.73
control '
{Discussion):

From the results dbtained in the above-mentioned steps, it was
understood that the same results were obtained in a variety of cell
measurement by combining the culture method using a globular collagen
gel according fo the present invention with the aforementioned high

precision tissue/cell separation step and the like.

-- Example 1A --
It was experimentally. confirmed that the test method of the present

invention as described above (Method A) is more suitable for testing



Figs. 1 are a plan view (a) and an enl arged sectional view (b), show ng a
culture step using a gl obular collagen gel in an enbodi nent according to
the present invention. Figs. 2 are sectional views show ng exanpl es of 't he
shape of a globular collagen gel. Fig. 3 is an enlarged sectional view
showi ng a culture step in an enbodi ment according to the present invention.

Fig. 4 is an enl arged sectional view showing a culture step in Exanple 22.
Fig. 5 is an enlarged sectional view show ng §?JI ture step in Exanple 23.
Fig. 6 is an enlarged sectional view show ng ulture step in Exanple 24.
Fig. 7 is an enlarged sectional view showing a culture step in Exanple 25.
Fig. 8 is an enlarged sectional view showing a culture step in Exanple 26.
Fig. 9 is an cnlarged sgeh! SRl o QU TaRbld Yhgn USRdLSHATRLE 27

methods.

The conventional test methods are as follows:

Method B: HTCA Method employing the soft agar method (method
of Von Hoff and 9 others disclosed in "Cancer'Research';, Vol. 43: pp-
1926-1931, published in 1983); '

Method C: Collagen gel cuiture method and measurement (method
of Koezuka anfi 6 others disclosed in “Tissue Culture Research”, Vol. 6,
No.1, 1987); _

Method D: Collagen gel culture method and image analysis (rhethod
of Koezuka and 4 others disclosed in Japanese Official Patent Provisional
Publication (Kokai) No. Heisei 3-285696).

The test method according to the present invention was carried out
as in Example 1, and the conVentidnal test methods were carried out as
described in the respective documents. |

The ;cm.ti_cancer ageﬁts used were, in addition to the 6 types used in
Example 1, a few other anticancer ageﬁts, or combinations thereof, and
the anticancer agent sensitivity was tested using 630 cases of human
cancer as obtained by surgical removal.

The number of cases that ‘could be tested for anticancer agent
sensitivity using Method A was 597 of the 630 cases (success rate: 94.8%).

The number of cases that could be tested for anticancer agent
sensitivity using Method B was 57 of the 630 caé'es {success raté: 9.04%).

The number of cases that could be tested for anticancer agent

sensitivity using Method C was 219 of the 630 cases (success rate: 34.8%).



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Herei nafter, the present invention
is illustrated by the foll ow ng exanpl es of some preferred enbodi ments.

However ,

the present invention is not limted to these exanples. 28

expl anation will now be given regarding an anticancer agent sensitivity

test as an exanple according to the present invention. A summary flow sheet

Is provided as Table 1. Table 1 -- Sensitivity Test Flow Sheet -- (1) '

Starting nmaterials (Surgical nmaterials, bi opSﬁ{Zanpl es, human cancer
e

xenografts in nude nouse, established cell
washi ng step (3) D spersion step (Cell

etc.) (2) Prelimnary -
di spersion/ mul ti enzyme conpl ex) (4)

Separation step (Density gradient centrifugation) (5) Prelimnary culture
(cell distinction) R : .
The number of cases that could be tested for anticancer agent

sensitivity using Method D was 321 of the 630 cases (success rate: 50%).
By this it was confirmed that the test method of the present

invention has a higher success rate than the conventional test methods.

- - Example 1B (E'nzyme- treatment methods) -

As the starting materials there were used interstitial tissue-rich
breast cancer (sampie Al), gastric cancer (sample A2), esophageal cancer
(sample A3), pancreatic cancer (sample A4), skin cancer {(sample A5), liver
cancer (sample A6), renal cancer (sample A7), uterine cancer (sample A8),
mucilaginous colon cancer (sarﬁple A9), interstitial tissue-scant lung
cancer {(sample B1) and ovaﬁ_an cancer (sample B2).

The capsule, fat, etc. were removed from each of the starting
materials using scissors and forceps under aseptic conditions, and then
sliced with a razor. The sli_céd' tissue was treated with a multienzyme
complex or-stepwise enzyme treatment for 2 hours, thus digesting the
interstitial tissue. Herein, a multienzyme complex containing
collagenase, hyaluronidase, diépase, elastase and DNAse was used for
samples AI—A9 (method A),_and. a multienzyme complex containing
collagenase, Ihyaluronidas_e and DNAse was used for samples BI-BZ
(method B). As aresult of varying the cell dispersion method (method A
or B) depending on the different cancerous tissues, the cancerous tissues
were digested in a short time, and tumor cells with a high cell viability

were obtained.

This Sheet Has Been Rep
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(6) Prelimnary proliferation culture (serumfree/serumproliferation
culture solution) (7) Cell re-dispersion step (treatnent with col |l agenase
al one) (8) Culture under enbedded conditions in globular collagen gel (9)
Agent contact (anticancer agent) (10) Proliferation culture '
(serumfree/serum proliferation culture solution) (11) Color reaction
(cell viability neasurenent) (12) Spectral analysis (13) Stain (cel
stain/coloring) (14) Image anal ysis 29 -zgignple 1- Cancer cells were
tested according to the coll agen gel - enbedded cul ture nethod of the present
invention, in the order as shown in the flow sheet of Table 1, thus
conparing effects of different anticancer

In contrast, when the cancerous tissues were dispersed by stepwise
enzyme treatment using collagenase and pronase (product of Kaken
Seiyaku Co.} in aécordancé with a conventional method (Japanese Official
Patent Provisional Publication (Kokai) Nq. Heisei  3-285696), the
interstitial tissue-rich breast cancer, gastric cancer, esophageal cancer,
pancreatic cancer, etc. and mucilaginous colon cancer required a long time
(about 24 hours) for the t:ollage_nase tfeatment, and in addition, the cell
viability of the live tumor cells was detefiorated by the pronase treatment.
Moreover, when different cancer cells were dispersed with simple
collagenase treatment (method Q), a inultienzyme 'complex containing
collagenase and pronasé- (m'etho.d D) and a multienzyme complex
containing' collagenase, pronase _and trypsin (method E). .As a result, in
method C a long enzyme treatment time (about 24 hours) was required
and the digestion of the interstitial tissue was insufficient. In methods D
and E the interstitial tis_sue was digested in about 2 hours, but the yield of
live tumorlc.ells was decreased. |

* Furthermore, the globular cbllagen gel-embedded method was
applied in the very same manner as in Example 1 except for using
samples as treated by the respective methods. As a result, the best results
were obtained by using method A or B, while although results were also
obtained with methods C-E, the performance was inferior when

compared with the application of method A or B.
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agents. (Starting materials): Using a surgical sanple as obtained froma
human breast cancer patient as the starting material, it was treated
according to the order as shown in the flow sheet. (Dispersion step): The
capsule, fat, etc. were renoved fromthe tissue containing the breast

cancer using scissors and forceps under aseptic conditions, and then sliced
with a razor. The sliced tissue was treated for two hours with a '
mul ti enzynme conpl ex contai ni ng collagenaseziproduct of Nitta Gelatin Inc.),
hyal ur oni dase (product of Sigma Chem cal CoT), dispase (product of Godo
Shusei Co., Ltd.), elastase (product of Wako Pure Chem cal |ndustries,

Ltd.) and DNase (product of Sigma Chem cal Co.), thus digesting the

interstitial tissue (secEk¥apié eClBknsitygpadieht @ntsif@gatiq)i-nci pal | y bl ood
cell separation)): The tissue whose interstitial tissue had been di gested

in the previous slreBxavapld i1l giweadabdid) the rigterstitiaistisdue irethd samplle 268 [err]

m, the isolated cells were collected by centrifugal separation, and then

density digested by the step of dispersing the cancer cells, the resultant dispersion
was filtered with a nylon mesh filter (¢ 250 wm), the cancer cells and the
like were collected from the filtrate by centrifugal separation, and the
density gradient centrifugation was performed, which made it possible to
remove the blood cell components and a portion of the fibroblasts. The
density gradient centrifugation method inclﬁded prepafing a density
gradient of Percoll (product of Pharmacia Cb.), superposing the dispersion
solution containing the cells and the like onto the top layer of the Percoll,
and subjecting it to centrifugation at 3,000 rpm for 10 minutes using a
swing rotor-type centrifuge. |

As a comparative example; low speed centrifugal separation (700

rpm, 1 minute) was performed after ﬁltration with a nylon mesh filter, or -
density gradient centrifugation was performed without filtration. As a
result, i.n the former centrifugal sepé_xration, the removal of the blood cell
components and of a portion of the fibroblasts was insufficient. And in
the latter centrifugal separafion, aberrations occurred in the Percoll
density gradient because of contaminaﬁon by substances undigested by the
enzymes, such that removal “of the blood cell components and of a
portion of the fibroblasts was insufficient. Tests were tried by the same
steps as in Example 1 except for changing the above—mentioned density
gradient centrifugation step to the step as in the cdmparative example. As
a result, the tests could be carriéd-out,- but the performance was inferior

when compared with Example 1.



gradi ent centrifugation was used to renove the bl ood-oriented cells, that
i's, blood cell conponents, and a portion of the fibroblasts (see Exanplge
10). (Prelimnary culture step . (separation, purification, prelimnary
proliferation, and collection)): The dispersion containing the cancer cells
and the like as obtained in the preceding step (live tunor cells +

fi broblasts + dead tunor cells + dead tunor cell |unps + substances

undi gested by enzynes) was plated onto a col48gen gel (a collagen ge
prepared on the bottomof a culture dish) for culture (for details see
Exanple 1D). The culture solution at the tinme of the cell-seeding was DF
culture solution + 10% FBS (DF: a m xed culture solution containing one

vol ume of Dul-bpgs@pte MDASEIcRHORAEH éxttdMHUIdUNatIL t6 Bk WsedIin Prlitminayp! ume
of Hamis F12 culture solution; FBS: fetal bovine serunm (see Exanple 1F).

Upon the prelcutéureyy cul ture of the dispersion containing the cancer cells
and the like in the above-nenti oned manner, it was observed that only the
live cells adher &irst,oexpesimehiad gemfgehatoon twas adeoior dhetdebection of the
extracellular matrix to be used for the preliminary culture, i..e., the
material for the support surface to be in contact with the cancer cells
during the preliminary cullture, according to the present invention.
The extracellular matrixes used were a bacterial plastic dish, a plastic
culture dish, a type-[-IV. collagén—coated plastic culture dish, a cell
“adhesion factor (fibronectin, laminin or vitronectin)-coated plastic dish
and a type-l collagen gel plastic dish. For the experiment, 14 cases of
human lung cancer and 12 cases of human breast cancer were used as
controls, and cancer cells as obtained by 'eniymatic treatment were seeded
onto various matrixes to a cell density .of. 5 X 10¢ cells/ml. They were
then cultured for 24 hours in a 5% carbon dioxide incubator at 37 °C, and
the cell adhesion and the cell-spread Were observed with a microscope.
From the visual impressions, none of the used cancer cells was
adhered or spread on the bacterial plastic dishes, but all were adhered and
spread on the plastic culture dishes. The adhesion and the spread of the
cells was even better on the plastic dishes as coated with collagen (types I-
[V) and with the cell adhesion .factors. The extracellular matrix with
 particularly excellent cell adhesion and cell-spread was the type-IV
collagen-coated dish. | However, in preliminary culture as extended for 3
days or more, stable proliferation l.occurred in all cases on the type-I

collagen gel plastic dish, while on the typé-[V collagen-coated dish,
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cul ture dish
m croscope |

and spread t here. SpeC|f|caIIy; upon observation with a

mredi ately after culturing and 24 hours thereafter, it was

confirmed that the live cells had adhered to and had spread on the collagen
t he dead cancer cells, dead cancer.cell |unps and substances
undigested by the enzynmes were suspended I n without adhering to the

gel , whereas

col | agen gel .

and the coll

Cbservation with a microscope confirned that* the dead cancer cells,

cancer cell

agen gel on the bottom of the cyul ure di sh was washed.

| unps and substances undi gested by the enzynmes had been

The culture solution was then sucked fromthe culture dish,

dead

renoved, |eaving only the live cells adhered to and spread on the coll agen

WiV CR NG IRl ADAOPIERIAR LIRPARARA O°! .

gel. The liv
wer e subj ect

tunor cells alfhd1 Bhﬁuéwerew&n%@# EfR6d %@hdbeher&mt;wmsadnosemgﬁhs%léSee

Exanpl e 1E).
cells are

elr sepa I on

I'n the prelimnary culture as described above, basically the

When the tests were conducted only substituting each of the above

materials for the extracellular matrix as used in the preliminary culture

. step in Example 1, the most favorable results were obtained by Example 1,

but a certain degree of satisfactory performance was also displayed by the

other materials.

From this it is clear that the commercially available plastic dishes for

cell culture can be used as extracellular matrixes for preliminary culture,

and that particularly when coated with type-IV collagen or the like, the

cell adhesion and the cell-spread are both improved. Furthermore, it
would be understood that in the case where the culture is carried out for a

long time, the most stable proliferation is obtained on type-I collagen gel.

-- Example 1E (Method for cell collection after prelimiriary culture) -

A test -was made for methods for separating the cells which had
adhered and spread on the bottom surface of the culture dish during the
preliminary culture. The separation method was carried out utilizing the
commonly employed treatment with 1 mM EGTA and 0.1% trypsin. The
number of the cases in which the cells were separated within 5 minutes
by theltreatment with 1 mM EGTA and 0.1% trypsin were 8 of the 14 lung
cancer cases and 7 of the 12 breast eancer cases. In addiﬁon, the ﬁumber of
the cases which needed 5 minutes or more for the separation were 6 of
the 14 lung cancer cases and 5 of the 12 breast cancer cases. Next, the

separated cells were collected by centrifugation and embedded into the

_—
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separated and coll ected after 24 hours, but when there were few |live tunor
cells which were adhered to the collagen gel on the bottomof the culture
dish, the prelimnary culture tinme was extended (for exanple, to about 2-7
days), thereby allowing the live tunor cells to proliferate at the
prelimnary culture stage. That is to say, even when the resulting live
tunor cells were few, they were proliferated by the prelimnary culture,
thus making it possible to proceed to the nexj E;tep (Enbeddi ng step): The
live tumor cells as obtained by the above-nentti-oned prelininary culture and
-col lection steps were enbedded into a gl obul ar coll agen gel and cul tured.
The enbedded culture was carried out as follows: 1 volune of 10- fold

oo B SRS T B MRS58 S ol
250" S B0t 210 200 P LSS L U O R
solution + 10% FBS + 10 ng/ml EGF + 5 ug/ml insulin + 20 ng/ml
hydrocortisone, and the cell proliferation degree was then observed by
microscopy. As a result, the cases which needed 5 minutes or more for
the cell separa-tion had unsat.isfactory cell proliferation degrees.

In contrast, "in the method of culturing on the collagen gel, 30
minutes of treating the collagen gel with 0.1% collagenase resulted in
dissolution of the collagen substrate as wel!las cell separation under the
same conditions in all fhe cases. The separated cells were collected by
centrifugal separation and cultured under the same culture conditions as
in the previously mentioned method, and the cell proliferation degree
was observed. As a result, all the cases exhibited stable proliferatioﬁ in
the collagen gel.

Thus, it is clear that in the cell collection method as carried out after
preliminary -culture, cells with a higher degree of proliferation activity are -
obtained by combining the culture on a collagen gel with the collagenase
treatment than by combining monolayer culture (plastic dish, tYpe-IV

collagen-coated dish, etc.) with EGTA + trypsin freatment.

--Example 1F (Selection of.culture solution for preliminary culture)--
Conventional preliminary culture methods generally employ a
culture solution containing fetal_ bov’ing serum and cell grbwth factor (for
example, DF culture sélution + 10% FBS + i'ns_ulin + EGF +

hydrocortisone), but this culture solution has a drawback in that the



32 solution: product of Nitta CGelatin Inc.); the breast cancer cells and
the like as obtained in the above-nentioned prelimnary culture and
collection steps were added and well mixed into the resultant m xture; {he
final concentration was adjusted to 5 X 10[err] cells/m; and the resultant
m xture was kept in ice. Next, this collagen m xture solution was placed
onto a 24-well nultiplate at 30 [err]l/well using a m cropipette and

gel ated to prepare gl obul ar collagen gels (fg, details see Exanple 1G).
According to this nmethod, if a cell count of X 104 is obtained after the
prelimnary culture, then the test nmay ‘be conducted in 33 wells. In
contrast, using a conventional nethod (nethod described in Japanese

Oficial Pat erbuflavioh SPatibRsteasi Sdotisikahl Aot PireRiniAa :

m of the col'lagen m xture solution (cell density: 5 104 cel s/ m
needed per W@,Hg,e_ and only 2 wells coul d be filled for testing. (Agent
contact step (uUsing anticancer agents)): A 0.5-ml portion of the culture
sol ution cont ai nI'Irng@ranahtersﬁgﬁﬁbnagﬁmaWaiwmpega@dsed seittu bi€regl atth@r

col l agen gel in which the cancer
solution (DF culture solution + 5 u.g/ml insulin + 10 ng/ml EGF + 8
ng/ml sodium selenite + 10 u.g/ml transferrin + 5 mg/ml BSA) (BSA:
bovine serum albumin) and a serum culture solution containing dextran
-sulfate (DF culture solution + 10% FBS + insulin + EGF + hydrocortlsone
+ 10 w g/ mi dextran sulfate).

The experimental materials used were the 14 cases of human lung
cancer and 12 cases of human breast cancer which had adhered to the
bottom of the culture dishes in Example 1A above as conirols, and the
above-mentioned culture solutions (the serum-free culture solution and
the dextran sulfate-containing serum culture solution) were used to
culture cells for 7 days. Upon microscopic observation of the proliferation
of the fibroblasts, it was found that in all cases of the cancer cells as used
in the ekpet:iment, the proliferation of the fibrobiasts had been partially
suppressed, and that the cancer cells had proliferated preferentially. W itﬁ
regard toa serum-containing culture solution for comPan'son (DF culture
solution + 10% FBS + insulin + EGF + hydrocortisone), 4 of the 14 lung
cancer cases and 9 of the 12 breast cancer cases exhibited preferential
proliferation of the fibroblasts. [n addition, separation and contraction of

the collagen gel layer was observed in some of the cases which exhibited

preferential proliferation of the fibroblasts.



cells were enbedded and which was obtained in the above-nenti oned enbeddi ng
step, and the cancer cells were allowed to be in contacted with the

anti cancer agent by keeping themin a 5% carbon dioxide incubator at 37/
[err]C for 24 hours. The follow ng six anticancer agents were used: M
(mtonycin C), CDDP (cisplatin), VDS (vindesine), VP-16, 5-FU (5-
fluorouracil) and ADM (adrianycin). 33 Then, the culture solution

contai ning the anticancer agent was renmoved{lly suction, 0.5 m of a culture
solution free froman anticancer agent was | nstead added, the resultant

m xture was shaken in a 5% carbon di oxi de incubator, thus washing the

gl obul ar coll agen gel. This procedure was repeated at | east every 10

mnutes for a total of 3 tings grnecibBgiablia agent was renoved
fromthe gl obular coll agen gel _?"X%“ tu?Cé step): A?f@?it he above- nenti oned

agent contact StApteslow'és?erﬂfm?edJWitWR/ﬁri&th.ﬁie@rbfVm& globglir dNdgbhgetul ture
was effected at 37 [err]C in a 5% carbon

in Example 1. |
Drops of the collagen mixture solution as used in Example 1 were
placed with a micropipette onto a 6-well multiplate, in respective
amounts of 1, 2, 3, 4, 5,7.5, 10, 20, 30, 40, 50, 100, 150, 200, 250, 300, 400 and
500 w1 per well. As a result, the collagen mixture solution formed
convex globules of the shape in a range of a hemisphere to a horizontally
spread hemisphere, depending on the amount of the pléce'd drop, on the
surface of the multiplate. The p‘lénar shape of the globular collagen lO;I-el 20
are generally circular as shown in Figs. 1, but the globular collagen gel
~ actually -fdrmed various planar shapes such as ellipses or polygons
depending on the amount of the pléced drop of the collagen mixture
solution. Figs.2 show a difference in shape of the globular collagen gel 20,
in which the part (a) of Figs. 2 shows that the globular collagen gel 20 is
almost the éhape of a hemisphere in the case where the amount of a
placed drop of the collagen mixture solution is relatively small, and the
part {b) of Figs. 2 shows that the-globﬁlar collagen gel 20 is the shape of a
horizontally spread hemisphere in the case where the'_.az"nosunt of a placed
drop of the collagen mixture solution is large. )
The formed globular collagen gel solution was allowed to stand
. gtationary for 30 mi;'lutes'in'a 5% carbon dioxide incubator at 37 C,
whereby the globular collagen gé! containing the cancer cells was formed

and fixed onto the surface of the plates. The culture solution was then



di oxi de incubator for 7-14 days. The culture solution was exchanged every
1-2 days. The proliferation culture solution as used was a culture solution
containing a DF culture solution + 10% FBS + 5 [err]g/ m insulin (prodGct
of Sigma Chemcal Co.) + 10 ng/ ml EGF (EG-: epidermal growth factor,
product of Becton Dickinson Labware) + 20 ng/m hydrocorti sone (product of .
Si gma Chem cal Co.) (see Exanple 1H). (Colorinmetric analysis step): The
viability of the cells in the sanple as obtai by the culture was
neasured. For the neasurement, an AB col ori ng*&ent was used to cause a
color reaction by the reductive activity of the cells. The AB col oring
agent was added in an amount of 1/50-1/10 relative to the culture solution,
and the reaction was conducted for, 6 hours in a &grb&&odloxide i ncubat or.

After the reaé¥P€W°5€¢|@%ﬂ}q geleand) the) aitupeswas gHeded doo 7110 daies inne 5%
absor bance of t Itu e soLution ¥yaé measured using a
car OM e incubator at 37 °C.

In the case where the amount of the placed drop of the collagen
solution was 3 ul or less in the above-mentioned procedure, problems

~ occurred in that the formed globular collagen gel dried immediately, that
the cell viability was lowered by changes in the osmotic pressure, and that
the cancer cells could not be héld in the collagen gel and the cancer cells
spread from the bottom of the gel to the sd::face of the culture dish.
Furthermore, problems on the precision of the analysis occurred, because
the cell count in 3 u! of the collagen solution was 150 or less such that a

* low population was only provided for the analysis.

In addition, in the case where the amount of the placed drop of the
collagen solution wﬁs 300 w1 or more, a large number (15,000 or more) of
cancer cells were necessary for embedding and the shape of the formed
globular collagen gel was indefinite. |

Conseq-uently it is seen that the preferred size of the globular
collagen gel under the aboye—mentiéned conditions is in a range of 5 to
100 x1 in terms of the amount of the placed drop of the collagen solution,
and that the optimum size is about 30 1.

Furthermore, a globular collagen gel was formed using a culture
container with a lined structure as shown in Fig. 3. As seen in Fig. 3, lines
to restrict the spread of the coliagen solution are providéd on the internal
bottom face of a multiplate 10. Ridges 12 creating circular edges or the like
ére formed so as to match the outer periphery of the globular collagen gel

20 which is to be formed.



spectrophotoneter. The neasurenent of the absorbance was perforned at 570
nmw th a reference wavel ength of 600 nm The results are shown in Table 2.
Table 2 -- Al amar Bl ue Absorbance Measurenment Results -- Anticancer Conl-
MMC CDDP VDS VP-16 5-FU ADM agent trol Absorbance 0.95 0. 40
0.40 0.69. 0,87 0. 69 0.65 Effect/ 1.00 0.42 0.42 0.73

0.91 0.73 0.68 control The sane culture solution was al so neasured

usi ng a fluorospectrophotoneter, with an exci tg&gry wavel engt h of 560 nm
and a detection wavel ength of 590 nm The resul are shown in Table 3.
Table 3 -- Al amar Bl ue Fl uorescence Measurenent: Results -- Anticancer . Con-
mwC CDDP VDS VP-16 5-FU ADM agent trol” Fluorescence 7.09 3.24

2.66  5.13 _G'Mlen SUQJIg tﬁ'e8jlir{e'21t epaitaye container, the above-prepared

collagen solution was poured so as to spread over the entire inside of the
lines or ridges and to swell over the top thereof. This was then allowed to
stand stationary for 30 minutes. in a 5% carbon dioxide incubator at 37 °C,
thus preparing a collagen gel with a well-defined silape filling the lines.
Aft-er the preparation of the édllagen gel, the culture solution was
superposed thereon and the culture was effected for 7-10 days in a 5%
carbon dioxide incubator at 37 °C.. Aiso, the cells deeper than 2 mm from
the gel surface in contact with the culfure solution had less satisfactory
proliferativity than those near the gel surface. That is to say, if the gel is
thickened, the uniformity of proliferation of the cells is impaired or the
precision of analysis is lowered.

Upon investigaﬁon of the relationship between the height of the
globular collagen gel and its i)erfofmanéé, it was found that in the case
where the height of the globular collagen gel was 1.7 mm or greater under
the conditio}\s as in the abové—méntioned example, the cell viability
began to decrease, such that the proliferation lessened. In the case where
the amount of the drop of the collagen solution was 50 1, the heightl of
the resultant globular collagen gél was 2.2 mm, such that poor
proliferation was observed in the center of the gel. However, in the case
where different types of cells were used or where the cell density was low,
the proliferation was sufficient even if the height of the gei was 2.5 mm.

In addition, the drop of the collagen solution was actually placed to
prepare a globular collagen gel, surface ténsion effects made it difficult to

prepare a globular collagen gel with a height of over 3 mm.



(102) Effect/ ~ 1.00 0.46 0.38 0.72 0.94 0.71 0.68 control
(Fluorescent staining step): The cultured cell sanple as subjected to the
colorinmetric analysis was washed with a fresh culture solution, thus
removi ng the coloring agent. The culture solution for the washing was free
from sodi um bi carbonate and cooled to 4 [err]C before use. The culture
container was then transferred to a cool ed dark box. The culture sol ution
was exchanged with a culture solution, to whi cgén FDA- st ai ni ng agent (FDA
concentration: 2-10 [err]g/m) which reacts du 0 esterase activity in
live cells had been added, and was shaken for one hour in a refrigerator
(10 ©, thus reacting the FDA with the cells. The fluorescently col ored

cell's here auanti(y < Dy mmacanalyala. e 4 THac o e g hrade o Yo
cool ing appar ?l%iléﬁnésisn'op%emm or less from the bottom of the culture dish, the
| globular collagen gel dried during the 'preparation of the gel, such that the
cell viability was lowered, or the cells were not embedded in the globular
collagen gel, such that mon.olayer proliferation occurred on the bottom of
the. culture dish. From this it was confirmed that in cases where the drop
of the collagen solution is placed on a support surface with no lines, 3 to
300 x1 of collagen solution is suitable for culturing cancer cells, and that
in the case where the lined culture container is used, a collagen gel
thickness of 0.3 to 3. mm is_six_i.table for culturing cancer cells, with 1.7 mm
being best.
In addition, the an{ount of the culture solution to be brought into
contact with the glbbular collagen gel for culture is 2 times or more,
usually 3 to 100 times, preferably 10 to 50 times, more preferably 15 to 30
times, of the volume of the gel, which ranges provided good results with
regard to the proliferation. In this méthod, for example, in the case where
30 ¢! of a globular collagén gel (cell density: 5 X 104 cells/ ml) was used,
about 30 tests could be perf'ofmed if 5 X 104 cells were obtained upon the
preliminary culture. The anticancer agent as impregnated in the collagen
gel was also easy to wash and remove in the agent contact step. In
contrast, according to a conventional method (Iapane.se Official Patent
Provisional Publicati;m ({ Ko'kﬁi) No. Heisei 3-285696), 0.5 ml of collagen
mixture solution (cell density: 5 X _104 cells/ ml) was required. per well and
only two tests could be performed, and in addition, the anticancer agent

-was extremely troublesome to wash and remove in the agent contact step,



product),

an excitatory light irradiati.on control apparatus, a sanple

hol der driving .apparatus and a high-sensitivity cooled CCD canera. The
vol une. was nmeasured on the basis of this inmage using an i mage anal yzer

according to a conventi onal

intensity of the excitatory light was 1 x 10[err] lux-sec on the sanple

hol der. Table 4 -- FDA Vol une Measurement Results -- Anticancer Con-
CDDP VDS VP-16 5-FU ADM agent trol Vol une 15. 24 5.07
9.25 14. 13 9. 89 10.93 (10[err] [err]rr[ﬁi]) Ef fect/ 1.00 0.3
0. 37 0.61 0.93 0. 65 0.72 control In addition to the conventi

known vol ume neasurenent by inmage anaIyS|s the'viability of the cells
al so neasured by quantifying

and the anticancer agent as impregnated in the collagen gel was not
sufficiently washed and removed, wherein the amount of the culture
solution was 0.5 to 2 times as largé as the volume of the gel, and the
proliferativity of the cells was poorer than when the globular collagen gel

was used.

-- Example 1H (Selection of proliferation culture solution used in culture

step) --
Fig. 1.shows an example of the culture step. Hemispherical globular
collagen gels 20 are formed and fixed at 4 appropriately spaced locations

on the internal bottom face of a flat circular multiplate 10. The cancer

cells of interest 40 are embedded in the globular collagen gels 20. A

met hod. The results are shown in Table 4. The

MVC
5.68
3
onal
was

culture solution 30 is poured into the multiplate 10, in a volume enough

to cover the globular collagen géls 20 and to allow satisfactory
proliferation of the cancer cells.

Favorable results were obtained upon corﬁparison of all cases
including when, as the proliferation culture solution in Example 1, there
was used a culture solution containing DF culture solution + 10% FBS +
insulin + EGF + hydroc’ortfson’e for collagen gels with little
contamination by fibroblasts; or a serum-free culture solution (DF culture
solution + insulin + EGF + transferrin + hydrocortlsone + sodium
selenite + BSA) or a culture solution containing dextran sulfate (DF
culture solution + 10% FBS + insulin + EGF + hydrocortisone + sodium

dextran sulfate) for collagen gels with much contamination by fibroblasts.



the fluorescence intensity on the imge. The results are shown in Table 5.

Table 5 -- FDA I mage Fl uorescence Measurenent Results -- Anticancer
MMC CDDP VDS VP-16 5-FU ADM agent trol Fl uorescence 7.69
3. 26 3.43 4.74 7.23 4.77 5.35 units (10[err]) Effect/ 1.00

0.42 0. 45
The cul tured

0. 62 0.94 0. 62 0.70 control (Spectrophotofluorinetry):

cell sanple as subjected to the fluorescent stain was washed

for one hour with a fresh cooled culture soﬁk-]tr)gi on, thus renoving the

extracel | ul ar

washi ng was a DVE cul'ture solution. This solution was further exchanged
with a culture solution of 37 [err]C, shaking was performed for one hour

37 . > and the. FDA whi ch_ had ted in the cell.
ot wGat Fawndreficsiive b seledh (A Gro MRCEN, PR SintiaRd

an i ncubat or
extracted int
measured usin
490 nm and a

fluorescent reagent. The cult solution as used for the

in

et B SHETE ARBRE FOMBiniioh @R o1y (£ 1Y el et @

-- Example 11 (Fibroblast cohtaminatioﬁ) -

As the cell materials for the method as in Exarﬁple 1 there were
selected a human cancer-oriented cancer cell line (C cells) and a human-
oriented fibroblast line (F cells), from established cell lines. Each step was
carried out in the same manner as in Example 1, with the only difference
that when the cells were embedded in the collagen gel, C cells and F cells |
were mixed with each other in appropriate _prbportions (1:0-1:4-1:10).

As a result of this culturing, globular proliferation formation of C
cells and fibrous pro.liferatioh form_ation of F cells were observed with a

microscope. The proliferation formation of F cells was remarkable as to

the control group with which no agent was brought into contact. As to

~ the agent-contacted groups there was seen a tendency toward agent

concentratio.n-dependent r_eduction in the proliferation of C and F cells.
Based on these observations, the results of colorimetric analysis by
the aforementioned AB method were compared with those of volume
measurement by image analysis using the aforementioned NR stain. As
a result, a difference was found between the results of the analysis by the
AB method and those of the NR stain image analysis, with regard to the
evaluation of effects. of the_ agénts_upon the cells. In addition, when
analytical conditions of the image analyzer were changed from

conventional ones, thus making analysis incdluding volume analysis of



are shown in Table 6.

Table 6 -- FDA Spectrophotofluorinetry Results --

Ant i cancer Con- MMC CDDP VDS VP-16 5-FU ADM agent trol
Fl uorescence 7.38 3. 37 3.50 4,52 6. 90 4. 68 5.33 units
(10[err]) Effect/ .1.00 0. 46 0. 47 0.61 0. 93 0. 63 0.72 control

(Pigment stain analysis step): The cultured cell sanple .as subjected to the

fluorescent analysis was washed with a fresh culture sol ution,

r eagent.

The cul tur

t hus
lution for the washi ng was

renoving the fluorescent

The cul ture sol ution

ki

a DVE cul ture solution.

exchanged with a culture

solution to which an NR-staining agent had been added (NR concentration:
25-50 [err] _

the fibroblasts, the results agreed with effects of the agents as measured by
the AB method.

Effects of the F cells upon the measured value of C cells in the
control with which no anticancer agent was brought into contact are
shown in Table 8, where AB d_éhofes the absorbance as measured by the
AB method, NR+F denotes the volume including F cells as measured by
the NR method, and NR-F denotes the volume of the C cells alone as

measured by the NR method.

‘Table 8
-- Evaluation of Effects of Fibroblasts (F) upon Cancer Cells (C) -
Mixing ratio ~ 1:0 1:1 1:2 1:4 1:6 1:8 1:10
C:F _ _
AB 039 036 043 059 072 091 1.04
NR+F(107 £m3) 314 436 422 622 735 965 1108
NR-F(107 um3) 297 307 300 313 326 325 325

From the above it is clear that, as to samples as contaminated with
fibroblasts, image analysis provides a more reliable analysis and is thus
more preferable, when cbmp‘ared with the AB method. _

In addition, when vario.'us"surgical samples were used as the Starting
materials and when the test was conducted in the same manner as in
Example 1, contamination by fibroblasts was observed as a result of
culturing some of thé_ samples.. In these cases, as in the model test in
which the above-mehtio_ned, ésfablished cell lines were used, the values
as measured for cancer cells suffered interference from fibroblast

proliferation.



g/m), and shaking was effected for 2 hours in a carbon dioxide incubator,
thus incorporating the NRinto the cells. After the stain, the culture
solution containing the NR was exchanged wi th PBS (Phosphate Buffered
Saline), and the sanple was allowed to stand stationary in a roomfor 10

m nutes, thus renpving the NR renmining outside of the cells. Next, the PBS
was exchanged with neutral 10%formalin, and the sanple was all ovved to
stand stationary in a roomfor 40 m nutes,. thusﬁfém ng the cells and the NR
as incorporated into the cells. The gl obul ar cofl’ gen gel to which the
cells had been fixed was imMersed in distilled water for 10 m nutes, thus
removi ng the salts. Wen the gl obul ar collagen gel which had been inmersed
in the distilled 38 water was air-dried at roomtenperature, whereby a
flat dried productThas ntfx@bnhﬂbe,ﬁtndtehstsodlthsat wien sgbll mwua:emsthmlrmm xed

in the dried collagen gel
low selectivity, such as the AB method, is used, the sample should be

’.

adequately observed prior to meas'urement, thus taking the reliability of

the measured values into consideration.

- Example 2 --

Materials surgically obtained 'from human cancer patients (gastric
cancer, esophageal cancer, _'pancreatic cancer, skin cancer, liver cance_i‘,
renal cancer, uterine cancer) were used as samples for testing, and effects
of anticancer agents were tested according to the procedures and method
as in Example 1. HdWever, the culture solution in the culture
prohferatlon step was DF culture solution + 10% FBS + insulin + EGF +
hydrocortisone + sodium dextran sulfate.

As a result, satisfactory test results were obtained for all the samples.
Consequently, the method accotaing to the present invention can be

applied to tests of surgical samples containing any type of cancer cell.

- Example 3-

Effects of different antlcancer agents were tested according to the
same procedures as in Example 1 above, using as the starting material for
the test a surgical sample (colon cancer) as obtained from a human cancer
patient. The obtained colon cancer was thoroughly washed with a culture
solution contammg a hlgh concentration of antibiotics (500 ug/ml
kanamycin and 1 mg/ml penicillin), and then dispersion and separation

steps were conducted aci:o’rdihg to the method as in Example i. The



whil e containing the NR These fixed cells exhibited no discoloration and
endured |l ong-term preservation. The volune of the fixed cells was neasuned
usi ng an i mage anal yzer in the same nmanner as mnentioned above. The results
are shown in Table 7. Table 7 -- Neutral Red Vol ume Measurenent Results --
Ant i cancer Con- MMC CDDP VDS  VP-16 5-FU  ADM agent trol

Vol ume 16.90 5.19 6. 25 10. 10 15.54 10. 76 12.26 (107 [err]
merr]) Effect/ - 1.00 0.31 0. 37 R0 0.92 0. 64 0.73
control (Discussion): From the results obtained in the above-nentioned
steps, it was understood that the sane results were obtained in a variety
of cell neasurenent by conbining the culture nmethod using a gl obul ar

oL B0 B! BRI RaRh RUBRIAE e puskea v
tumor cells + fibroblasts + dead tumor cells + dead tumor cell lumps +
substances undigested by enzymes) was plated on a type-IV collagen-
coated culture dish or flask (hereinafter referred to as “type-[\/ collagen

~ substrate"), thus culturing cells.

The culture solution at the time of the cell-seeding was DF culture
solution +.10% FBS. Next, 24 hours after the cell-seeding, the culture
solution on the culture dish was sucked and the bottom of the culture
dish was washed, whereby the dead tumor cells, the dead tumor cell
lumps and the substances undigested by the enzymes were removed. In
addition, in order to suppress the proliferation of Esclierichia coli and
saprophytic bacteria as suspected of contaminating the culture system,
washing was again performed with a culture solution containing a high
concentration of antibiotics (500 g g/ml kanamycin and 1 mg/ml"
penicillin). |

Next, -the cells which had adhered and spread on the type-IV
collagen substrate were separated therefrom using 1 mM EGTA at 37 or 4
°C, and then using 0.1% trypsin (product of Difco Co.) at 37 °C or 0.03%
trypsin (product of Sigma Co.) at 4 °C, and the live tumor cells and the
like were collected by centrifugal separation. |

The steps as not mentioned above were carried out according to the
same procedures and methods as in Example 1. However, in the
proliferation culture step, there was used a culture solution containing a

high concentration of antibiotics, which was a mixture of DF culture
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--Exanple 1A-- It was experinmentally. confirmed that the test nethod of the
present invention as descri bed above (Method A) is nore suitable for
testing anti cancer agent sensitivity of human cancer than convent i onal
test nmethods. The conventional test nethods are as follows: Method B: HTCA
Met hod enpl oyi ng the soft agar nethod (nmethod of Von Hoff and 9 others

di scl osed in "Cancer Research", Vol. 43: pp. 1926-1931, published in 1983);
Met hod C. Col | agen gel culture nethod and surenment (nethod of Koezuka
and 6 others disclosed in "Tissue Culture Research”, Vol. 6, No.1l, 1987);
Met hod D Col | agen gel culture nethod and i mage anal ysis (nethod of Koezuka
and 4 others disclosed in Japanese O ficial Patent Provisional Publication

(Kokni) MNo. Helgitiofi 4536%° B ieidstilin WPEGH +2RgatHdHisbRe NS0 g5 thl

i nvention was carried out
kanamycin + 1 mg/ ml penicillin.

As a result, it was confirmed that the anticancer agent sensitivity of

the colon cancer could also be tested.

-- Example 4 --

The same procedures and conditions as in Example 1 were used,
except that the starting materials used were different surgical samples
(lung cancer, ovarian cancer, thyroid gland cancer, brain tumor) as
obtained from human cancer patients. However, in the dispersion step,
interstitial tissue and the like of the sliced tissues were treated for 2 hours
with a multienzyme complex containing collagenase, hyaluronidase and
DNAse, thereby digesting interstitial tissue in the sliced tissues.

The steps as not mentioned above were carried out according to the
same procedures and methods as in Example 1. As a result, it was
confirmed that the anticancer agent sensitivity of human lung cancer,

ovarian cancer, thyroid gland cancer, and brain tumor could be tested.

-- Example 5 -

Effects of different anticancer agents were tested according to the
same procedures and methods as in Example 1 using as the starting
materials cancer cell-containing ascites and pleural effusion as obtained
from a human cancer patient. However, the dispersion step was omitted
since it is unnecessary for ascites and pleural effusion. The preliminary

culture step was omitted when not particularly neceésary. As a result, it

—_—
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as in Exanple 1, and the conventional test nethods were carried out as
described in the respective documents. The anticancer agents used were, in
addition to the 6 types used in Exanple 1, a few other anticancer agents,
or conbi nations thereof, and the anticancer agent sensitivity was tested
usi ng 630 cases of human cancer as obtained by surgical renoval. The nunber
of cases that could be tested for anticancer ent sensitivity using Method’

A was 597 of the 630 cases (success rate: 944 . The nunber of cases that

could be tested for anticancer agent sensitivity using Method B was 57 of
the 630 cases (success rate: 9.04% . The nunber of cases that could be
tested for anticancer agent sensitivity using Method C was 219 of the 630
cases (success wast eonfivmedjthat thelantitanqeymgent sensitivdy afhehe canded cblis nest ed
for anticancer agent sensjtivity using Method D was 411;21 of the 630 cases
(success rat e: coptainegynthe asqites qnel B'GHF?MF&P‘?H&P“% Be fested-net hod of the

pr esent

-- Example 6 --

Effects of different anticancer agents were tested according to the
same procedures and methods as in Example 1 using as the starting
material lymph nodes containing metastatic cancer cells as obtained from
a human cancer patient. As a result, it was confirmed that the anticancer

agent sensitivity of the metastatic cancer cells could be tested.

-- Example 7 --

Effects of different anticancer agents were tested according to the
same procedures and methods as in Example 1 using as the starting
materials biopsy samples as obtained from a human cancer patient.

The biopsy samples were obtained by medically used definite
diagnosis, such as stab needle biopsy or endoscopy, or by cy'todiagnosis,
and suspended in a culture solution for tissue collection. Twenty biopsy
samples having a solid content distribution of 0.001 to 1 g were used,
among which 16 samples were 0.001 to 0.3 g heavy, and 10 samples were
0.001 to 0.1 g heavy, thus any sample was a fine tissue. The shapes of the
respective tissues of the biopsy samples did not need any more to be cut
into fine ones, becaﬁse they had already been cut into fine ones in a
medical manner. Cancer cells as already released from tissues and blood-
oriented cells were also contained in the solution for tissue collection.

Depending on such characteristics of the starting materials, the dispersion



I nvention has a higher success rate than the conventional test nethods. --
Exanpl e 1B (Enzyne treatnent nmethods) -- As the starting naterials there
were used interstitial tissue-rich breast cancer (sanple Al), gastric
cancer (sanple A2), esophageal cancer (sanple A3), pancreatic cancer
(sanple A4), skin cancer (sanple A5), l|liver cancer (sanple A6), renal _
cancer (sanple A7), uterine cancer (sanple A8), nucil agi nous col on cancer
(sanple A9), interstitial tissue-scant lung c er (sanple Bl) and ovari an
cancer (sanple B2). The capsule, fat, etc. we removed from each of the
starting materials using scissors and forceps under aseptic conditions, and
then sliced with a razor. The sliced tissue was treated with a nmultienzyne
conpl ex or stepw se enzyne treatnent for 2 hours, thus digesting the
interstitial tstepiie sepaspkipn step and tthe preliminapnsubiure égm wieré mpdified

col | agenase, hyal uroni dase, dispase, el astase and DNase was used for
sanpl es Al- A9 ( H@&@A), and a nul tienzyne conpl ex contai ning col |l agenase,

of var ying the el |15t BIRFPE FBvElEet FsAS CRETSIGt K ob M CaLRrIPHgRorTRET
e e eancepy W S AU SHFOUER B RSHINRG! Ak g
collagenase, and only live cells were separated from them by density
gradient centrifugation. Particularly in the density gradient
centrifugatibn, the capacities of centrifugal tubes were changed to 2, 3, 4, 5,
10, 15, 30, and 60 ml, depending on the amount qf the sample. In
addition, the respective density gradients of proteins, such as Ficoll
(product of Pharmacia Co.), albumin and gelatin, as well as Percoll were
prepared to separate cells.
[n the preliminary culture step, culture containers were selected
from 5 types of multiplates with 96, 48, 24, 12, and 6 wells (culture area:
04, 1, 2, 4, and 10 cm? respectively), depending on the amount of the
sample, thus preparing layered cdllagen gels. |
As a résult, it was confirmed tHat the anticancer agent sensitivity of

the biopsy samples could be tested.

-- Example 8 -

Effects of different anticancer agents were tested acéording to the
same procedures and methods as in Example 1 using human cancer as
obtained from human cancer xenografts in nude mouse. As a result, it
was confirmed that the anticancer agent sensitivity of the human cancer

xenografts in nude mouse could be tested.



wer e obt ai ned. 41 In contrast, when the cancerous tissues were dispersed
by stepwi se enzynme treatnent using col | agenase and pronase (product of
KAKEN PHARMACEUTI CAL CO., LTD.) in accordance with a conventional nethod
(Japanese O ficial Patent Provisional Publication (Kokai) No. Heisei '
3-285696), the interstitial tissue-rich breast cancer, gastric cancer,
esophageal cancer, pancreatic cancer, etc. and nucil agi nous col on cancer
required a long tine (about 24 hours) for the Sg | agenase treatnment, and in
addition, the cell viability of the live tunor Cells was deteriorated by

t he pronase treatnent. Moreover, when different cancer cells were dispersed
with sinple collagenase treatnent (nmethod C), a nultienzyne conpl ex

contai ning col | agenase and pronase (netfi@gndle nd a nul ti enzynme conpl ex
cont ai ni ng col | agenase, pronase and trypsin (nethod E). As a result, in

nmet hod C a | ong engffeetstsfediff@ent tanticanadodgerd Wwerd d¢stedsacceedinged dng t he

digestion of the interstitial tissue
same procedures and methods as in Example 1 using a cultured cell line
as the starting material. However, the steps of dispersion, separation, and
preliminary culture were omitted, because they were unnecessary for the

cultured cell line. As a result, it was confirmed that the anticancer agent

sensitivity of the cultured cell line could be tested.

~ Example 10 --

Effects of using endocrinotherapeutic agents instead of the anticancer
agent were tested according to the same procedures and methods as in
Example 1. except for the agent contact step and except that a surgical
sample (breast cancer) as obtained from a human cancer patient was used
as the starting material.

In the agent (endocrinotherapeutic agent) contact step, 0.5 ml of a
culture solution containing representative endocrinotherapeutic agents,
namely anti-hormone  preparations. (TAM: tamoxifen, MPA:
medroxyprogesterone acetate), was superposed on .the ~cancer cell-
containing globular collagen gel as obtained in the embedding step, and
the agents were continuously brought into contact with the cells in a 5%
carbon dioxide incubator at 37 °C, thus carrying out culture. The
subs:equent procedur-es were carried out according tb the same methods as
in Example 1, thus testing effects of thé anti-hormone preparations. As a

result, it was confirmed that the sensitivity of the breast cancer to



was insufficient. In methods D and E the interstitial tissue was di gested

I n about 2 hours, but the yield of live tunor cells was decreased. ,
Furt her-nore, the gl obul ar collagen gel - enbedded net hod was applied in the
very sanme nmanner as in Exanple 1 except for using sanples as treated by the
respective nethods. As a result, the best results were obtained by using
method A or B, while although results were also obtained with nmethods CE,
t he perfornmance was inferior when conpared w t he application of nethod A
or B. 42 -- Exanple 1C(Density gradient ce i fugation) -- In Exanple 1
gi ven above, the interstitial tissue in the sanple was digested by the step
of dispersing the cancer cells, the resultant dispersion was filtered with

a nylon nesh fil 250 [err cer | s and.the i wer e
col i ected fron“r‘t‘if&r¥‘?4tﬁfe %ﬂﬁgﬁ% 4%6’@5?%‘8 'fﬂ"ioB‘ﬁ PLERAra YN oMl hteli’ﬁ
gradi ent centr %gatlon was performed, which nmade it possible to renove the
bl ood cel | rr% hts and a portion of the fibroblasts. The

-- Example 11 --

Effects of using an immunotherapeutic agent instead of the
anticancer agent were tested according to the same procedures and
methods as in Example 1. except for the agent contact step and except that

. a surgical sample (breast cancer) as obtained from a human cancer patient
was used as the starting material.

A 05-ml portion of a culture solution containing the
immunotherapeutic agent TNF (Tumor Necrosis Factor) was superposed
on the cancer cell-containing globular collagen gel as obtained: in the
embedding step, and the culture was effected in a .5% carbon dioxide
incubator at 37 °C. The subsequent procedures were carried out accbrding
to the same methods as in Example 1, thus testing effects of the TNF. Asa
result, it wa.s confirmed that the immunotherapeutic agent sensitivity of

the breast cancer could be tested.

-- Example 12 --

Effects of carrying out a thermal treatment step instead of the
anticancer agent contact step were tested according to the same procedures
and methods as in Example 1. except for the thermal treatment step
substituting for the agent contact step and except that a surgical sample
(breast cancer) as obtained from a human cancer patient was used as the

starting material.



density gradient centrifugation nethod included preparing a density

gradi ent of Percoll (product of Pharmacia Co.), superposing the dispersjon
solution containing the cells and the Iike onto the top |ayer of the
Percoll, and subjecting it to centrifugation at 3,000 rpmfor 10 m nutes
using a swing rotor-type centrifuge. As a conparative exanple, |ow speed
centrifugal separation (700 rpm 1 mnute) was perforned after filtration
with a nylon nesh filter, or density gradientﬁfgntrifugation was perforned
without filtration. As a result, in the forme®&entrifugal separation, the
renoval of the blood cell conmponents and of a portion of the fibroblasts
was insufficient. And in the latter centrifugal separation, aberrations.

occurred in the Percoll density gradient because o ont am nati.on by
subst ances undi gest‘@dﬂlﬁyﬂleﬁg‘%ngﬁﬂ'é'@?“%ﬁ'@ﬁ' ﬁﬁ.’a elr %grﬁs‘élc fureelytiogy wasi |
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performance wag,ipf ?r'iétfﬁatx\‘pgptlfWﬁdthw.l'&gllwgﬂkﬁg the human cancer cells.
After the thermal treatment, the cells were cultured in a 5 % carbon
dioxide incubator at 37 °C. The subsequent procedures were carried out
according to the same methods as in Example 1. As a result, it was
confirmed that the sensitivity of the breast cancer to heating could be

tested.

- Example 13 --

Effects of carrying out a radiation treatment step instead of the
anticancer agent contact step were tested according to the sam‘e. procedures
and methods as in Example 1. except for the radiation treatment step
substituting for the agent contact step and except that a surgical sample
(breast cancér) as obtained from a human cancer patient was used as the
starting material.

[n the radiation treatment step, 0.5 ml of the culture solution was
superposed on the cancer cell-contéining globular collagen gel as obtained
in the embedding step, and then irradiated with 10 Gy of Cobalt 60. After
the radiation treatment, the cells were cultured in a 5% carbon dioxide
incubator at 37 °C. Tl'\e subsequent procedures were carried out according
to the same methods as in Example 1. As a result, it was confirmed that

the sensitivity of the breast cancer to radiation could be tested.



-- Exanple 1D (Sel ection of extracellular matrix to be used in prelimnary
culture) - First, experimental confirmation was made for the selection of
the extracellular matrix to be used for the prelimnary culture, i.e., the
material for the support surface to be in contact with the cancer cells
during the prelimnary culture, according to the present invention. The
extracellular matrices used were a bacterial plastic dish, a plastic
culture dish, a type-I-1V coll agen-coated pl ic culture dish, a cel
adhesion factor (fibronectin, lamnin or vitHMgrectin) coated plastic dish
and a type-1 collagen gel plastic dish. For the experinent, 14 cases of
human | ung cancer and 12 cases of hunman breast cancer were used as
controls, and cancer cells as obtaing%xgxﬂﬁgqxnptic treatment were seeded
onto various matrices to a cell density o X 10[err] cells/ m. They were

then cultured for 24edfQdsScdddl ittt thoSRmE R4y S ih TOURRPR' 1, HutIhe [FHA] C
and the cell adhesion and the cell-spread were” observed th a m croscope.

From the vi sugbadtioi @9 $h€fAtiorsteRt Saiting sie das 2Baedd otk ndt\Wa30 acihmied or
“spread on the bacterial plastic dishes, but all were adhered and
37 °C. A surgical sample (breast cancer) as obtained from a human cancer
patient was used as the starting material, and the steps other than the
fluorescent staining step were according to the same procedures and
methods as in Examplie 1.

As a result, e.ffects of the FDA reaction- with the cancer cells and
effects of the elution of the FDA reaction product from the cells were
obtained simultaneously. And it was also possible to test the anticancer

agent sensitivity of the cancer cells simply by measurement using a

fluorospectrophotometer, without image analysis.

-- Example 15 --

A test was conducted in the same way as in Example 1, but an
antibody agz-ninst PCNA was used instead of the NR-staining agent in the
pigment stain analysis step. In addition, a lined cover slip was used
instead of the 24-well multiplate in the embedding step. A surgical
sample (breast cancer) as obtained from a human cancer patient was used
as the starting material, and the steps other than the steps of embedding
and pigment stain analysis were according to the same procedures and
methods as in Example 1.

In the embedding step, drops of the collagen solution in which the
culture sample was disperséd was placed onto a surface as surrounded by

lines of the lined cover slip, such that the globular collagen gel was



spread on the plastic culture dishes. The adhesion and the spread of the
cells was even better on the plastic dishes as coated with coll agen (txpes
- 1V) and with the cell adhesion factors. The extracellular matrix w th
particularly excellent cell adhesion and cell-spread was the type-1V
col | agen-coated di sh. However, in prelimnary culture as extended for 3
days or nore, stable proliferation occurred in all cases on the type-|
col l agen gel plastic dish, while on the tygg;lv col | agen-coat ed di sh, 44
hypertrophy of the cytoplasmoccurred in 2 the 14 |ung cancer cases and
in 1 of the 12 breast cancer cases, and the cell proliferation was

unst abl e. \Wen the tests were conducted only substituting each of the above

materials forthe LIMRGE IR RhIAE R 1R Tl e BB RN AU U @

step in Exanp® émf 5 Were ar ne 1,

other mat er oG SHAEEYEP I FEEidoR IR PG Re sy e
plastic di sheg,fi¥dy stain was tested using the antibody against PCNA (mouse
antibody against rat PCNA, product of Medac Co.) and an antibody stain
kit (Immunohistochemical stain kit, product of Biomeda Co.), in which
respective trace amounts of the antlbody solution and the antibody stain
reagent were  brought into contact with the cultured cell sample only
inside the lines, thereby allowing the cancer cell antigen to be stained. As

a result, it was possible to test the anticancer agent sensitivity of the cancer

cells on the basis of their antigen production.

-- Example 16 --
(NR extraction method):

A test was conducted in the same way as in Example 1, but the image
analysis of live cells as stained with the NR was not carried out, and the
NR was instead extracted from the live cells, thus measuring the
absorbance. A surgical samplé (breast cancer) as obtained from a human
cancer patient was used as the starting material, and the test was carried
out according to the same procedures and methods .as in Ekample 1,
except for the procedures of the formalin-fixation, the drying and the
image analysis in the - pigment stain analysis step. ‘The NR as
ihcorporated into live cells was extracted by dissolving the collagen gel
with collagenase in the culture container and then adding an NR
extractdnt, and the absorbance of the resultant extract was measured.
Results are shown in Table 9.

R
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cell culture can be used as extracellular matrices for prelimnary culture,
and that particularly when coated with type-1V collagen or the like, the
cell adhesion and the cell-spread are both inproved. Furthernore, it would
be understood that in the case where the culture is carried out for a |ong
time, the nost stable proliferation is obtained on type-1 collagen gel. --
Exanpl e 1E (Method for cell collection aftergaﬁl imnary culture) - A test
was nade for nethods for separating the cell i ch had adhered and spread
on the bottom surface of the culture dish during the prelimnary culture.
The separation method was carried out utilizing the commonly enpl oyed
treatnent wwth 1 nM EGTA and 0. 1% trypsi ?g e nunber of the cases in which
the cells were separated t th 1 mM EGTA
and 0.1%trypsin were 8 ol?we'f'ﬁap[l{gd%%érgance[}/fegggééﬁg}r‘lgﬁeé%lﬂthe 12 breast
cancer cases. I ber—of—the—cases—whtgh—reede 6 AUt es
or nore for the sepiftit ] : € : Band 5-bf “the
12 breast canceFO§§§%§at‘Rﬁxt tr‘t"ne separ ated cells were collected by
centrifugation an abelded into the

Absorbance 0348 0307 0206 0.123 0100 0.079 0.072

Effect/control  1.00 0.88 0.59 0.35 0.29 0.23 0.21

-- Example 17 --

(MTTassay method): |
A test was conducted in the same way as in Example 1, but an MTT
reagent was substituted for the AB coloring agent in the colorimetric
analysis step. A sufgical sample (breast cancer) as obtained from a human
cancer patient was used as the starting material, and the test was carried
out according to the same procedures and methods as in Example 1,
except for the procedures subsequent to the colorimetric analysis step.
The formazane as deposited in live cells was extracted by dissolving the
collagen gel with collagenase in the culture container and then adding a
formazane extractant, and the absorbance of the resultant extract was
measured, when the deposited fine crystal of formazane was held in the
collagen gel, such that results were obtained with good accuracy. The

results are shown in Table 10.
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coll agen gel, the culture was carried out at 37 [err]C in a 5% carbon

di oxi de incubator for 10 days using a culture solution containing a DF
culture solution + 10% FBS + 10 ng/m EG- + 5 [err]g/m insulin + 20 ng/m
hydrocorti sone, and the cell proliferation degree was then observed by

m croscopy. As a result, the cases which needed 5 mnutes or nore for the
cell separation had unsatisfactory cell prolifp ;:gtlon degrees. I n contrast,
in the nethod of culturing on the collagen gel O mnutes of treating the
col l agen gel with 0.1%col | agenase resulted in dissolution of the coll agen
substrate as well as cell separation under the same conditions in all the
cases. The separated cells were coll ecteﬂI % entr| fugal separation and

cul tured under the sane cuyltur r sly nmentioned
nmet hod, and the cell pr oI F!%)er?ka ?’gér)lg’ esélrrlse)e was er verg ﬁéégﬁg result, all

t he cases exhi bitees 6 he e 6 i
clear that in the c%‘ll col | e&9% . 'afterOSprelllnary
culture, cells WPPEEATAIGRer 8 ree of prollferatlon activity are obtained
by conbining the EdP8T& on a_collagen gel_with the collagenase treatnent
t han by conbi ni ng\trmmlﬁﬁrebﬁer ensur a (3@ asd.yst di 8699 t ypS16V doid0agendagoat ed
di sh, etc.) witlEfESTAconttalypsli.00 t r edB8ent 0.66 0.51 0.44 038 = 037

-- Example 18 --

(Giemsa stain method): |

A test was conducted in the same way as in Example 1, but Giemsa's
solution as used for tissue stain was substituted for the NR-staining agent
in the pigment stain analysis step. A surgicél sample (breast cancer) as
obtained from a human cancer patient was used as the starting material,
and the steps other than the pigment stain analysis step were according to
the same procedures and methods as in Example 1. The Giemsa stain was
carried out for cells as beforehand fixed using a neutral 10 % formalin.
The volume of the stained cells was measured using an image analyzer.
As a result, it was possible to test the anticancer agent sensitivity of the

breast cancer.

- Example 19 --
(DNA quantitative method):

A test was conducted in the same way as in Example 1, but a DNA
fluorescent quantitative method was substituted for the pigment stain
analysis step. A surgical sample (breast cancer) as obtained from a human
cancer patient was used as the starting material, and the steps other than

the pigment stain analysis step were according to the same procedures
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--Exanpl e 1F (Selection of culture solution for prelimnary culture)--
Conventional prelimnary culture nmethods generally enploy a culture
solution containing fetal bovine serumand cell growth factor (for exanple,
DF culture solution + 10% FBS + insulin + EG- + hydrocortisone), but this
cul ture solution has a drawback in that the 46 proliferation of
fibroblasts is predomnant at the prelimnary culture stage. Thus, an
i nvestigation was nmade with regard to a ser free culture solution (DF
culture solution + 5 [err]g/m insulin + 10wy mM EG- + 8 ng/m sodium
selenite + 10 [err]g/nl transferrin + 5 ng/mM BSA) (BSA: bovine serum
al bum n) and a serumcul ture solution containing dextran sul fate (DF
culture solution + 10% FBS + insulin + EG- + hydrocortisone + 10 [err]. g/
m dextran sul faidmetibds exireExamplal. fmtlee DA quseditative rhbtholl) acsasesleof
human 1ung cancer and 12 cases of human breast cancer which had adhered to
t he was prepared by dissolving the collagen gel with collagenase in the
culture container and then collecting cells. However, in the case where
the amount of the cells in the collagen gel was clearly unsatisfactory to the
detection sensitivity in the DNA quantitative method, a needed number
of collagen gels containing cells as brought into contact with the agent
under the same conditions were collected before the cells were collected.
The collected cells were fixed using ethanol, and fluorescence as emitted
using a DABA reagent was measured using a fluorospectrophotometer.
As a result, it was possible to test the anticancer agent sensitivity of the

breast cancer.

-- Example 20 --

(Multiple stain): |

A test was conducted in the same way as in Example 1, but different
staining age-nts were substituted for the NR-staining agent in the pigment
stain analysis step. A éurgical sample (breast cancer) as obtained from a
human cancer patient was usea as the sfarting material, and the steps
other than the pigment stain analysis step were according to the same
procedures and methods és in Example 1. For the A;nultiple stain, Calcein
and ethidium bromide were used. As to the stained cells, the volume of
the live cells and that of the dead cells were severally measured with
Calcein and ethidium bromide respectively, using an image analylzer. As
a result, it was possible to test the anticancer agent sénsitivity of the breast

cancer.



bottom of the culture dishes in Exanple 1A above as. controls, and the
above-nentioned culture solutions (the serumfree culture solution and the
dextran sul fate-containing serumculture solution) were used to culture
cells for 7 days. Upon m croscopi c observation of the proliferation of the
fibroblasts, it was found that in all cases of the cancer cells as used in
the experinent, the proliferation of the fibroblasts had been partially
suppressed, and that the cancer cells had prok#?erated preferentially. Wth
regard to a serumcontaining culture solution r conparison (DF culture
solution + 10% FBS + insulin + EGF + hydrocortisone), 4 of the 14 |ung
cancer cases and 9 of the 12 breast cancer cases exhibited preferential
proliferation of the fibroblasts. In additi 1separatlon and contraction
of the collagen gel |ayer was observed FAm §§§% of the cases which exhibited -

ot o Sn 1 PG anked Bord IO BBk sobgiorierpl e 16 (@ obul

col lagen gel in ExgRhe dulture step after the agent contact step as in Example, the
used culture solution was daily exchanged with a new one and collected,
such that lactic acid as contained in each of the collected culture solutions
was quaﬁtitatively analyzed. A surgical sample (breast cancer) as obtained
from a human cancer patient was used as the starting material to carry
out a test according to the same procedures and methods as in Example 1,
except that the used culture solutions were collected during the culture
step in the above—mentioﬁed way. The quantitative analysis of lactic acid
was carried out using a reagent kit for food analysis (F-kit L-lactic acid,
product of Boehringer Mannheim Yamanouchi K.K.), and the absorbance

was measured. As a result, it was possible to test the anticancer agent

sensitivity of the breast cancer.

(Test using «:-o-cﬁlture):
-- Example 22 --

Two globular collagen gels were prepared in one culture container to
culture different tyi)es of cells, of Which the interactions were evaluated.

As to the cells, each one type of cell was selected from the following
groups A and B and embedded into different .glob'ular, collagen gels

| respectively.

Group A (group of fibroblaists-oriented cell lines):

MRC-5, NB1-RGB

\
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Drops of the collagen m xture solution as used in Exanple 1 were pl aced
wWth.a mcropipette onto a 6-well nultiplate, in respective amounts of 1,
2,3, 4, 5, 7.5, 10, 20, 30, 40, 50, 100, 150, 200, 250, 300, 400 and 500
[err]] per well. As a result, the collagen m xture solution formed convex
gl obul es of the shape in a range of a:hem sphere to a horizontally spread
hem sphere, depending on the anmount of the placed drop, on the surface of
the nultiplate. The planar shape of the gl phylar collagen gel 20 are
generally circular as shown in Figs. 1, but*he gl obular collagen gel
actually fornmed various planar shapes such as el i pses or pol ygons
dependi ng on the anount of the placed drop of the collagen mxture

sol uti on. Flg g w a dléference in sha Ei {R }obul ar coll agen gel
20, in which ‘ﬁfa 23'("&*)P‘6 RPN CaANCELRLE 'lﬁgtce 'é‘eg obul ar col | agen gel.
20 is al nost the ase where the amount of a

pl al:ed drop of th?@%ﬂ&gﬁﬁ?@ﬁ?@gfﬁﬁ’oﬁéﬂs& relatively small, ’ and t he
art (b) of Figs t r | e of
g horl(zz)nt al | ygsp@adr&ﬁmnﬁ ﬂ%l Q(?luQi[ Q‘tenggs% mﬁggg@ﬁgﬁ%n‘ﬁgﬁt&*ggﬁ Eed
drop of the C%h@ggm W&H{ee o?oiledIQ“céﬁcén%Faﬂéd ﬁamqrme@ugw@%@unon

col | agen gel solutTon was allowed to stand stationary for 30 mnutes in a
5% carbon di oxésleiumcbRaHednaté-feé) [ 8hd] €. volume of a reconstituting buffer
solution (50 mM NaOH solution containing 260 mM sodium bicarbonate
and 200 mM-HEPES) to 8 volumes of Cellmatrix Type I-A (0.3% acid-
soluble Type-I collagen solution: product of Nitta Gelatin Inc.), and
-preserved in ice, such that the collagen solution separated into two
liquids A and B. Then, the abové-mentioned cell lines A and B were
added and well mixed into two portions of the solution respectivély. to
adjust their final cell density to 5 X 104 cells/ ml, thus preparing collagen
mixture solutions.
Eacﬁ one drop of the resultant collagen mixture solutions was placed
into the shape of a hemisphere in an amount of 30 w1 per well at any one
of two sités -with an appropriate interval on a 6-well rtiultiplate using a
micropipette, thus forming and fixing hemispherical globular collagen
gels 20a and 20b containing different typés of cells as shown in Fig. 4. In
Fig. 4, cells 50a of the group A are embedded in the globular collagen gel
20a, and cells 50b of the group B in the globular collagen gel 20b. A
culture solution 30 was poured into the ihsi_dg of the multiplate 10 in
such a large amount that thé solution 30 could cover the globular
coilagen gels 20a and 20b and allow live cells to sufficiently proliferate,

particularly the amount of the poured culture solution 30 being 3 ml.



wher eby the gl obul ar coll agen gel containing the cancer cells was forned
and fixed onto the surface of the plates. The culture solution was then

48 superposed on the gel, and the culture was effected for 7-10 days in a
5% car bon di oxi de incubator at 37 C. In the case where the anount of the

pl aced drop of the collagen solution was 3 [err]l or less in the
above-nenti oned procedure, problens occurred in that the formed gl obul ar
coll agen gel dried imediately, that the cell éggﬁility was | owered by
changes in the osnotic pressure, and that the er cells could not be
held in the collagen gel and the cancer cells spread fromthe bottom of the
gel to the surface of the culture dish. Furthernnre, probl ens on the

g ; o I el o
hecol | agen JORAET aeusendiity e GRS, asc‘ﬁr%sﬁ?vge?g&p;% 3 A’y
provi ded for t(h ?cfkail bﬁtorlari ?dgr EH&H’@A’@SE ym%re the anmount of the

pl aced drop of fic co agen SO on was rr] nore, a |large nunber
(15,000 or m)re) %h addition, as a comparative example, a globular collagen gel free

- from the cells of the group A was prepared, thus carrying out co-culture
in the same way as mentioned above.

Livé cells of the cultured cells were stained using the Neutral Red,
fixed, and dried, and then the volume of the cancer cell lines of the group -
B was calculated by image analysis.

As a result, variations were seen in the proliferativity of the cells of
the group B, depending on combinations of cells of the groups A and B.
The variations are shown in Table 1 in terms of a ratio, {volume of
group-B cells as co-cultured with group-A cells) / (volume of group-B
cells in the comparative example).

Table 11
-- Effects of fibroblasts upon cancer cells --

Group B QG5 PC3 C1 PGC13 KATO-3 PC—14.

Group A :
MRC-5 4.0 1.8 1.6 14 09 0.3
NB1-RGB 1.6 1.1 0.9 1.2 1.0 1.1
-- Example 23 -

The procedure of .Example 22 was repeated, but MRC-5 was used as
the cells of the group A, and QG-56 as the cells of the group B, and the
following modifications were made. Asshown in Fig. 5, a hemispherical
globular collagen gel 20b was formed and fixed on the internal bottom of a

flat circular multiplate 10. Next, a globu!ér collagen gel 20a (100 . m) was
-
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cancer cells were necessary for enbedding and the shape of the formed
gl obul ar col l agen gel was indefinite. Consequently it is seen that the
preferred size of the globular collagen gel under the above-nentioned

conditions is in arange of 5 to 100 [err] | in terns of the anpunt of the
pl aced drop of the collagen solution, ‘and that the optinmmsize is about 30
[err] |. Furthernore, a globular collagen gel was formed using a culture '

container with a lined structure as shown in Fi 3. As seen in Fig. 3,
lines to restrict the spread of the coll agen s&?ﬂtlon are provided on the

i nternal bottomface of a nultiplate 10. R dges 12 creating circul ar edges
or the like are forned so as to match the outer periphery of the globul ar
col l agen gel 20 which is to be forned, en usi.n the lined

cul ture cont aphaged shasatsovevesr éb%r&lébelﬂfl ﬁ@éﬁgeéblgﬁl ,29% wakh ergéqblsl@ras to
S ey heSaumest b B i s 565 e e s 00 LRt s¥EL 1

globular collagen gel 20a, and cells 50b of the group B m the globular
collagen gel 20b. In addition, the cell densxty at whlch the cells were
contained in the globular collagen gel 20a was changed into a range of 0 to
5 X 104 cells/ml as the final density. A culture solution l30 was poured
into the inside of the multiplate 10 in such a large amount that the
solution 30 could cover the globular collagen gel 20b and allow live cells
to sufficiently proliferate. The test was carried out in the sarﬂe way as in
Example 22 except for the number of the cells as contained in each
globular collagen gel and for the plaéement of the gels.

As a result, the volume of QG-56 varied With the variation of the

density of MRC-5. Results are shown in Table 12.

Tabie 12

— Effects of MRC-5 upon QG-56 —-
Densit g of MRC-5 00 05 1.0 25 5.0
(1 X 104 cells/ ml)
Volume of QG-566 2.1 34 58 8.3 9.1
(107 e m3)
- Example 24 -

The procedure of Example 22 was repeated, but a calcium phosphate
crystal was substituted for the cells of the group A, and rabbit bone
marrow-oriented cells for the cells of the group B, and the following
modifications were made. As shown in Fig. 6, hemispherical globular

collagen gels 20a and 20b were formed and fixed on the internal bottom of
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stand stationary for 30 mnutes in a 5% carbon di oxide incubator at 37
[err] C, thus preparing a collagen gel with a well-defined shape filling the
lines. After the preparation of the collagen gel, the culture solution was
superposed thereon and the culture was effected for 7-10 days in a 5%
carbon di oxi de incubator at 37 [err]C. Also, the cells deeper than 2 nm
fromthe gel surface in contact with the culture solution had |ess
satisfactory proliferativity than those near @ gel surface. That is to
say, if the gel is thickened, the uniformity of-“proliferation of the cells
Is inpaired or the precision of analysis is |owered. Upon investigation of
the rel ationship between the height of the gl obular collagen gel and its

pertormnce, L ARG T ST U RS AR S Al e kP o
b -ment i l.e, | Akl : t
above. rentt OnehUATDIS ooy S5k MLRNLL brPBRAP vedudacheasey ER WEL

col I agen sol Ut'&ﬁ@idﬁs%li]&dh%té Llystdi 60 RRd ehibe@ldeting, iRe lé&ﬂﬁr&bﬂﬁ%@rﬁ#el

col | agen gel was 2.2 such t'hat poor proliferation S observ t he
center of the g anHAWEVEEbit bOné RfareaweombRte] eblfs30canttheyflebulat c6Bagen Wer e

used or where the cell density was low, the proliferation was sufficient
even if the hegghtoef Bheuf@irevesiubion B was poured into the inside of the
| multiplate 10 in such a large amount that the solution 30 could cover the
globular collagen gels 20a and 20b and allow live cells to sufficiently
proliferate. The test was carried out in the same way as in Example 22
except for the components as contained in éach globular collagen gel and
for the placement of the gels. In addition, the gel 20b was evaluated by
microscopy.

As a comparative example, a globular collagen gel free from a
calcium phosphate crystal was prepared as the gel 20a, thus carrying out
culture in the same way as mentioned above.

As a result of Example, the calcification of extracellular matrices was
remarkably (.>bserved with regard to cells as embedded in or near the
interface where the gels 20a and 20b were in contact with each other. This
observation was possible to easily carry out, because the interface was
oriented in a vertical direction. However, as to the comparative example,

the calcification in the interface was not observed.

. Exa'mple 25 --
The procedure of Example 23 was repeated, but TGF-8 (a
transformation growth factor) was substituted for the cells of the group A,

and rabbit-oriented vascular endothelial cells for the cells of the group B,



In addition, the drop of the collagen solution was actually placed to
prepare a,globul ar collagen gel, surface tension effects made it difficult
to prepare a globular collagen gel with a height of over 3 mm 50 I't was
al so confirmed that with a globular collagen gel with a thickness of 0.5 nmm
or less fromthe bottomof the culture dish, the globular collagen gel =
dried during the preparation of the gel, such that the cell viability was

| onered, or the cells were not enbedded in the@ obul ar col | agen gel, such
t hat nonol ayer proliferation occurred on the bottom of the culture dish.
Fromthis it was confirned that in cases where the drop of the coll agen
solution is placed on a support surface with no lines, 3 to 300 [err] | of
col I agen sol utandn the folliowebgenfaatifications i werecamsde. obs | shovemdirt thg. 7pat he
case where the lined culture container is used, a collagen gel thickness of
0.3 to 3 mm i glebmlaaispHagen gel2qdiwasdocmedand: fiked Or\/\ﬁhehmie'mﬁh battom dfest .

In addition, the anount of the culture solution to be brou into
a multtplate 10. In Fig: 7, the transformation growth factor 0 is contained

in the globular collagen gel 20a. A collagen gel 80a in which the rabbit-
oriented vascular endothelial cells 50d were embedded was placed in the
layered form into the inside of the multiplate 10, such that thé globular
collagen gel 20a was covered with the collagen gel 80a. The test was
carried out in the same way as in Exa'm_plé 22 except for the components
as contained in each collagen gel and for the placement of the gels. In
addition, the collagen gel 80a wa§ evaluated by microscopy.

As aresult, different proliferation shapes of the Qas'cular endothelial
cells were observed dep.ending on the distance from the surface of the

globular collagen gel 20a. Results are shown in Table 13.

Table 13
-- Effects of TGF- 8 upon vascular endothelial cells -

Distance (mm) from 0 1 2 3 4
surface of gel 20a

Proliferation state of  lump  tree lump/  lump lump
vascular endothelial ' tree
cells

- —Example 26
The procedure 'o,.f Example 25 was repeated, but rat-oriented hepatic
parenchymal cells were subsﬁtuted for the cells of the group A, and rat
fetus-oriented neuroblasts for the cells of the group B, and the following

modifications were made. As shown in Fig. 8, a hemispherical globular
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contact with the gl obular collagen gel for culture is 2 tines or nore,
usually 3 to 100 tines, preferably 10 to 50 tines, nore preferably 15 to 30
times, of the volume of the gel, which ranges provided good results with
regard to the proliferation. In this nmethod, for exanple, in the case where
30 [err]l of a globular collagen gel (cell density: 5 X 10[err] cells/ m)
was used, about 30 tests could be perfornmed if 5 x 10[err] cells were
obt ai ned upon the prelimnary culture. The agﬁgcancer agent as i npregnated
in the collagen gel was al so easy to wash and renove in the agent contact
step. In contrast, according to a conventional nethod (Japanese Ofici al

Pat ent Provisional Publication (Kokai) No. Heisei 3-285696), 0.5 ml of

col | agen mi xt ggigagiepl g@l aiDa pak! fodaitd nd Fixd18heknd inednd PblioHRSf a
required per well” and only two tests could be perforned, and in addition,
the anticancefmultiphiteV s I%ige&&ha rh(-6HbhRsOhEpdtic pasdnchytnaleaseily S0é ard he
agent contact step, 51 and the anticancer agent as inpregnated in the
col I agen gel wmbedded sinf theigloblilar vaadlagen aged 28moared], thehet efetus-beieatmlint  of
the culture

neuroblasts 50f were directly coated on the internal bottom of the
multiplate 10. A cell-free collagen gél 80b was placed in the layered form
on the rat fetus-oriented neuroblasts 50f in the inside of the multiplate 10,
such that the globular collagen gel 20a was covered with the collagen gel
80b. The test was carried out in the same way as in Example 22 except for
the components as contained’in each collagen gel and for the placement
of the gels. In addition, the rat fetus-oriented neuroblasts 50f was
evaluated by microscopy.

As a result, a variation in lengths of processes as elongated from the

neuroblasts was observed depending on the distance from the surface of

the globular collagen gel 20a. Results are shown in Table 14.

| Table 14
-- Effects of hepatic parenchymal cells upon neuroblasts -
Distance (mm) from 0 1 2 3 4
surface of gel 20a
Shépe of neuroblasts - long middle short short
- Example 27 --

The procedure of Example 22 was repeated, but rabbit bone marrow-
oriented cells were substituted for the cells of the group A, and 4 types of
primary human lung cancer-oriented cells for the cells of the group B,

and the following modifications were made.



solution was 0.5 to 2 tinmes as large as the volume of the gel, and the
proliferativity of the cells was poorer than when the gl obul ar coll agen gel
was used. -- Exanple 1H (Selection of proliferation culture solution used
in culture step)-- Fig. 1 shows an exanple of the culture step.
Hem spherical gl obular collagen gels 20 are forned and fixed at 4
appropriately spaced |l ocations on the inter narl‘, bottom face of a flat
circular multiplate 10. The cancer cells of i at’erest 40 are enbedded in the
gl obul ar collagen gels 20. A culture solution 30 is poured into the
mul tiplate 10, in a volune enough to cover the gl obul ar collagen gels 20
and to allow satisfactory proliferation of the cancer cells. Favorable
resul ts were obt aiAedhoponindfigadj adreroisplidricah gdebulat catlagen geb20a agad he
proliferation culture solution in Exanple 1, there was used a culture
sol ution cont donined ord ixed atethetantenaf the interpal bottempf 3 multiplate 10,
hydrocortisone for collagen gels with little contam o] fibrobl asts;
or a serumf r@é\%hﬁmﬁ@?@éﬁa&tglehut@m&gmrgelss%ﬂgasglﬁﬁ% ai“%sg‘?q fPnlapepg,
L ansrer i 0 AL 50 b 8P e S0 TR Bhi e B s S aphSpigle O
intervals around the globular collagen gel 20a. In Fig. 9, the rabbit bone
marrow-oriented cells 50c are embedded in the globular collagen gel 20a,
and the different types of lung cancer-oriented cells 50g, 50h, 50i and 50j
are embedded in the globular collagen gels 20b, 20c, 20d and 20e
respectively. A cell-free col]agen'gel 80b was placed in the layered form in
the inside of the multiplate 10, such that the globular collagen gels 20a,
20b, 20c, 20d and 20e were covered with the collagen gel 80b. The test was
carried out in the same way as in Example 22 except for the components
as contained in the globular collagen gels and the layered collagen gel and
for the placement of the gels.
As a comparative example, a globular collagen gél free from a cell
was prepared as the globular collagen gel 20a, thus carrying out culture in
the same way as mentioned above. |
As a result, variations were seen in the proliferativity of the
respective cells as embedded in the globular collagen gels 20b, 20¢c, 20d and
20e, depending on the cells as embedded in the globular collagen gel 20a.
The variations are shc_)wn in Table 15 in terms of a ratio, (volume of lung

cancer-oriented cells as co-cultured) / (volume of lung cancer-oriented

cells in the comparative example).-



culture solution + 10% FBS + insulin + EGF + hydrocortisone + sodi um
dextran sul fate) for collagen gels with nmuch contam nation by fibrobl asts.
52 Thus, it was found effective to select the proliferation culture

sol ution depending on the fibroblast contam nation rate. -- Exanple 11

(Fi brobl ast contam nation) -- As the cell materials for the nethod as in
Exanple 1 there were selected a human cancer-oriented cancer cell line (C
cells) and a human- oriented fibroblast Iine (F cells), from established
cell lines. Each step was carried out in the saf@§manner as in Exanple 1,
with the only difference that when the cells were enbedded in the coll agen
gel, Ccells and F cells were m xed with each other in appropriate
proportions (1: 0 - 1:4 - 1 10). As a result of this culturing, globular
proliferation formation of C cells and Wiablols proliferation formation of F
cel s were observed wikffecis ofikanssmapew prieniediceHe ppongiancer eallsion of F

cells-was remarkable as to the control group with which no agent was
brought into contact. ASlobalarcollagengel  20b = 20c  20d 20e

Co-culture/ 1.7 1.1 0.6 0.4
comparative example _

INDUSTRIAL APPLICATION

Even if the amount of animal cells is small, various tests for them
can be carried out by the animal cell-embedded culture method according
to the present invention, because this method includes the step of
culturing thé cells under conditions where they are embedded in a
globular collagen gel. In addition, accurate tests are possible to carry out,
because the proliferativity of animal cells during their culture by this
method is very good. Furthermore, when culture results of the cells are
evaluated, the evaluation utilizing biochemical reactions of the cells is-
possible by the method of the préseht invention. Accordingly, whether
the cells ar;e alive or not, the method of the present invention is
applicable to various evaluations.

In addition, many types of cells can be cultured simultaneously by
the animal cell-embedded culture-test method of the present invention,
because the globular collagen gel is used in this method. If types or
compositions (density or the like) of cells to be embedded in the gel are
different between drops of the gel_, interactions between the cells can be
evaluafed.

The animal cell-embedded culture-test method of the present

invention is applicabie to anticancer agent sensitivity tests, tests using co-



t he agent-contacted groups there was seen a tendency toward agent
concentration-dependent reduction in the proliferation of C and F cells.
Based on these observations, the results of colorinetric analysis by the
af orenenti oned AB nmet hod were conpared with those of vol une nmeasurenent by

i mage analysis using the aforenentioned NR stain. As a result, a difference -

was found between the results of the analysis by the AB nethod and those of
the NR stain inmage analysis, with regard to.jfhe evaluation of effects of
the agents upon the cells. In addition, wherd dnal ytical conditions of the

i mage anal yzer were changed from conventional ones, thus nmaki ng anal ysis

i ncl udi ng vol une anal ysi-s of 53 the fibroblasts, the results agreed with

R e 0 O RafRRA iy M T, AR e

upon the measur® Ich no anticancer

agent was br Ou%Etl‘id&sopgf}ja%ﬂ%hc@h%ts'sgpmm&alT@l%laﬁs,%nd"ﬂﬁr lfké\B denotes the

absor bance as neasured



AB net hod, NR+F denotes the volume including F cells as neasured by the NR

met hod,

= e volune of the C cells alone as neasured by the
uation of Effects of Fibroblasts (F) upon Cancer

CNJEI th ?gﬂ"}“ﬂ"ﬁlﬂﬂlmm 1:0 1:1 1:2 1:4 1:6 1:8 1:10C F
AB * 0k 39 .

"038 *0.43 0.59 0.72 0.91 1.04 NR+F (10[err] g

merr]) 3.14 4.36 4.22 6.22 7.35 9.65 11.08 NR-F(107 [err]nferr])

2.97 3.07

3.00 3.13 3.26 3.25 3.25 Frioghthe above it is clear

that, as to sanples as contam nated with fibroblasts, image anal ysis
provides a nore reliable analysis and is thus nore preferable, when
conpared with the AB nethod. In addition, when various surgical sanples

were used as the starting materials andChhEMS he test was conducted in the
sanme manner as in Exanple 1, contam_ natin by fibropl asts observed as a
result of culturing Sometpd forculfipring animp t‘?"‘rgéé' s embedded conditiopael
test in which the above-nentioned, established cell lines were used, the
val ues as measyaeh FOMPESAEer cells suffered interference from fibrobl ast

a cell dispersion step of dispersing animal cells into a collagen
solution; |

ah embedding step of placing a drop or drops of the collagen solution
on asurface of a support to allow the drop or drops to gel to form and fix
on the support surface a globnlar collagen gel or gels having a convex
surface; ahd | '

a culture step of culturing the animal .cells by bringing a culture

solution into contact with the cbllagen gel or gels. -

2. A method as in claim 1, which further comprises an evaluation

step after the culture step.

3. A method as in claim 2, wherein the evaluation step includes a
reagent contact step of using a reagent utilizing a biochemical reaction

which is caused by the cells embedded in the collagen gel or gels.

4. A method as in claim 3, wherein the evaluation step further
includes: | |

a photographing step of photographing the cotlagen gel or gels; and

an image analysis step of subjecting to image analysis an image

which is taken in the photographing step.

B Bl



prollferatl s it would be understood that when a cell neasure
nmet hod vmth M‘grmj) such as the AB nethod, is used, the sanple
shoul d be adequ d prior to measurenent, thus taklng t he
reliability of the nmeasur ed val ues into .consideration. -Exanple 2-

Materials surgically obtained fromhuman cancer patients (gastric cancer,
esophageal cancer, pancreatic cancer, skin cancer, |iver cancer, renal
cancer, uterine cancer) were used as sanples fof?8esting, and effects of
anti cancer agents.were tested according to the procedures and nethod as in
Exanple 1. However, the culture solution in the culture proliferation step
was DF cul ture sol utlon + 10% FBS + insulin + EG-F + hydrocortisone + sodium
dextran sul fate. A8- 2Aresthod asn F!ﬁlﬁbﬁowler%@tﬂ\ee'é‘i!ﬂgesaﬂﬁlb’élsoﬁﬁﬁlfﬁét&efor

all the sanple nsequent.| the et had accordin n
i nvention ggn Eréch?ges a stapnmg step of se ecgvel?/ stalrndmg(%he ce&ls ethbedded in the

collagen gel or gels.

6. A method as in claim 5, wherein the staining step includes a live
cell-staining step of selectively stairﬁng live cells in the collagen gel or

gels.

7. A method as in claim 6, wherein the staining step includes” an
| NR-staining step of selectively staining live cells in the collagen gel or

gels with an NR-staining agent. .

8. A method as in claim 7, wherein the NR-staining step includes:
a fixing step of fixing the NR-staining agent into the live cells; and

a drying step of drying the NR-staining agent fixed in the fixing step.

9. A method as in claim 8, wherein the animal cells which are

cultured in the culture step are primary cells.

10. A method as in claim 9, which further comprises before the cell
dispersion step a pr'elilminary culture step of preculturing a preliminary
culture sample éontaining the animal cells using the culture solution on
a surface of a preliminary support with a collagen gel layer as an adhesion
factor, and collecting only live cells which are adhered to the surface. of

the preliminary support, thus obtaining the culture sample.



appl i ed ""Mléwgwﬂlmcal sanpl es contai ning any type of cancer cell. --
Exanpl e 3*- fferent anticancer agents were tested according to
t he sane procedures as tn Exanpl e 1 above, using as the starting materi al
for the test a surgical sanple (colon cancer) as obtained froma human
cancer patient. The obtained col on cancer was thoroughly washed with a

cul ture solution containing a high concentration of antibiotics (500
[err]g/mM kananycin and | ng/m penicillin), and then dispersion and
separation steps were conducted according to the~gthod as in Exanple 1.
The 55 resul tant di spersion solution containi Ag?the cancer cells and the
like (live tunor cells + fibroblasts + dead tunor cells + dead tunor cell

| unps + substances undi gested by enzynes) was plated on a type-1V coll agen-
coated cul ture di shiorAf hestkod heyr & ndhiner10, evheredd the asltuteyselhivoroisl agen
substrate"), thus culturing cells. The culture solution at the tinme of the
cel | - seedi ng wasrubh-feed tultere solution.

12. A method as in claim 10, wherein the primary cells are obtained

from a slight amount, 0.001 to 1 g, of tissue.

13. A method as in claim 9, wherein the primary cells are obtained

from a slight amount, 0.001 to 1 g, of tissue.

14. A method as in claim 6, wherein the live cell-staining step
includes a step of staining the live cells with an FDA-staining agent under
conditions where the irradiation amount of excitation light is in a range
of 1 X 100 to 1 X 107 lux-sec and where the measurement environment

temperature is in a range of 1 to 15 °C.

15. A method as in daim 3, wherein the animal cells which are

cultured in the culture step are primary celis.

16. A method as in claim 15, which further comprises before the cell
dispersion step a preliminary culture step of preculturing a preliminary
culture sample containing the animal cells on a surface of a preliminary
support using the culture solution, and collecting only live cells which
are adhered to the surface of the preliminary support, thus obtaining the

culture sample.



sol ution +.10% EBS.—Next+—24—hours after the cell-seeding, the culture

sol ution on 1 was sucked and the col | agen-coated bottom of
the culture HMMH‘E%B‘“'Mereby the dead tunor cells, the dead tunor
cell lunps an e isubst ances undi gested by the enzynmes were renoved. |In
addition, in order to suppress the proliferation of Escherichia coli and
. saprophytic bacteria as suspected of contam nating the culture system
“washing was again performed with a culture solution containing a high
~concentration of antibiotics (500 [err]g/ M ka cinand 1 ng/ m
penicillin). Next, the cells which had adhered and spread on the type-1V
col | agen substrate were separated therefromusing 1 nM EGTA at 37 or 4
[err]C, and then using 0.1%trypsin (product of Difco Laboratories) at 37

[err] C or 0.03%trypsanmleBied 4s tin @aim JgpwhBesthahe ﬁ@li}ni@brﬂs{n?pb}tﬁxasa@d

- the live tunor cells and the |ike were collected by centrifugal separation.
The steps as nedll nriltdsive daetbd verhie ds caatddedroat safacr dif nthet preliminane

- procedures and nethods as in Exanple 1. However, in the proliferation
culture step, sdgpatwas used a culture solution containing a high
concentration of antibiotics, which was a m xture of DF culture

18. A method as in claim 17, wherein the cell adhesion factor is a

collagen gel layer.

19. A method as in claim 18, wherein the culture solution is a

serum-free culture solution.

20. A method as in claim 18, wherein the primary cells are obtained

from a slight amount, 0.001 to 1 g, of tissue.

21. A method as in claim 17, wherein the culture solution contains

dextran sulfate.

22. A method as in claim 15, wherein the primary cells are obtained

from a slight amount, 0.001 to 1 g, of tissue.

23. A method as in claim 3, wherein the reagent contact step
includes a colorimetric analysis step of carrying out colorimetric analysis
using a coloring reagent which causes a selective color reaction by

metabolic activity of the live cells in the collagen gel or gels.



56 solution + 10% FBS + insulin + EGF + hydrocortisone + 500 [err]g/m
kananycin + 1 rri‘ enicillin. As a result, it was confirned that the

[ m
ant i cance”lmtm m L ty of the colon cancer could also be tested. --
Exanpl e 4

! i dures and conditions as in Exanple 1 were used,
except that the starting materials used were different surgical sanples
(lung cancer, ovarian cancer, thyroid gland cancer, brain tunor) as
obt ai ned from hunman cancer patients. However, in the dispersion step,
interstitial tissue and the |ike of the sliced t§ ues were treated for 2
hours with a nultienzyne conpl ex containing coll Sgnase, hyal ur oni dase and
DNase, thereby digesting interstitial tissue in the sliced tissues. The
steps as not nentioned above were carried out according to the sane
procedures and netAodsA ametlrodExasmph eclaimAS, avhewiht the reagentconitactnstipt hat
the anticancer agent sensitivity of human |ung cancer, ovarian cancer,

t hyroi d gl and inghutes a sieglobquantitatinely aoalyting substeaees which are contained

in the cells enibedded in the collagen gel or gels.

25. A method as in claim 3, wherein the reagent contact step
includes a step of quantitatively analyzing substances which are secreted
into the culture solution from the cells embedded in the collagen gel or

gels.

26. A method as in claim 3, wherein the reagent contact step
includes a staining step of selectively staining the cells embedded in the
collagen gel or gels, and wherein the evaluation step further includes a

reagent extraction step of extracting the reagent after the staining step.

27. A method as in claim 26, wherein the staining step includes a
live cell-staining step of selectively staining live cells in the collagen gel

or gels.



-- Exanple 5-- Effects of different anticancer agents were tested accordi ng
to the sane procedures and nethods as in Exanple 1 using as the starting
mat eri al s cancer cell-containing ascites and pleural effusion as obtained
froma human cancer patient. However, the dispersion step was onitted since
it is unnecessary for ascites and pleural effusion. The prelimnary culture

step was onmtted when not particularly necessary. As a result, it was
confirned that the anticancer agent sensitivity of the cancer cells as
contained in the ascites and pleural effusion 2J| d be tested. --Exanple

6-- Effects of different anticancer agents were tested according to the

sane procedures and nethods as in Exanple 1 using as the starting materi al

| ynph nodes contai ning netastatic cancer cells as obtained froma human

cancer patient. As a result, it was cEsTRRCT hat the anti cancer agent

sensitivity of the nmetastatic cancer cells could be tested. -- Exanple 7--
A method for culturing animal cells under embedded conditions, .

which includes: a cell dispersion step of dispersing animal cells into a
collagen solution; an embedding step of placing a drop or drops of the
collagen solution on a surface of a support to allow the drop or drops to
gel to form and fix on the support surface a globular collagen gel or gels
having a convex surface; and a culture step of culturing the animal cells

by bringing a culture solution into contact with the collagen gel or gels.

(Figllre 1(a) to accompany the Abstract when published.)
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Effects of different anticancer agents were tested according to the sane
procedures and nethods as in Exanple 1 using as the starting naterials

bi opsy sanpl es as obtained froma hunman cancer patient. The biopsy sanpl es
wer e obtained by nedically used definite diagnosis, such as stab needle

bi opsy or endoscopy, or by cytodi agnosis, and suspended in a culture
solution for tissue collection. Twenty bi opgy sanples having a solid
content distribution of 0.001 to 1 g were used, anong which 16 sanples were
0.001 to 0.3 g heavy, and 10 sanples were 0.001 to 0.1 g heavy, thus any
sanple was a fine tissue. The shapes of the respective tissues of the ,
bi opsy sanples did not need any nnrq:L@ qe cut into fine ones, because they
had al ready been cut into fine ones i h?a nmedical manner. Cancer cells as
already rel eased fromtissues and bl ¢a@ oriented cells were al so contained
in the solution for tissue collection. Depending on such characteristics of
the starting materials, the dispersion 58 step, the separation step and
the prelimnary culture step were rfiec
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as follows. The biopsy sanples were collected by centrifugal separation,
sone or all of the interstitial tissues were dispersed by dissolving them
usi ng col |l agenase, and only live cells were separated from them by
density gradient centrifugation. Particularly in the density
gradi ent centrifugation, the capacities of centrifugal tubes were changed
to 2, 3, 4, 5, 10, 15, 30, and 60 nl, depending on the anount of the
sanple. In addition, the respective den5|ty gradi ents of proteins, such as
Ficoll (product of Pharmacia Co.), al buni n”@nd gelatin, as well as Percol
were prepared to separate cells. In the prelimnary culture step, culture
containers were selected from5 types of nultiplates with 96, 48, 24, 12,
and 6 wells (culture area: 0.4, 1, 2, 4, and 10 cnierr] respectively),
dependi ng on the anmobunt of the sanple, thus preparing | ayered coll agen
gels. As aresult, it was confirned that the anticancer agent sensitivity
of the biopsy sanples could be tested. -- Exanple 8-- Effects of different
anti cancer agents were tested according to the sane procedures and net hods
as in Exanple 1 using human cancer as

Fig.2 (b)

Fig.2(a)
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obtai ned from human cancer xenografts in nude nouse. As a result, it was
confirmed that the anticancer agent sensitivity of the human cancer

xenografts in nude nouse coul d be tested. 59 -Exanple 9- Effects of
different anticancer agents were tested according to the sanme procedures
and nethods as in Exanple 1 using a cultured cell line as the starting

mat eri al. However, the steps of dispersion, separation, and prelimnary
culture were onitted, because they were unnecessary for the cultured cel
line. As a result, it was confirmed that theZanticancer agent sensitivity
of the cultured cell line could be tested. --Exanple 10-- Effects of using
endocri not herapeutic agents instead of the anticancer agent were tested
according to the sanme procedures and nethods as in Exanple 1. except for
t he agent contact step and except that a surgical sanple (breast cancer) as
obtained froma human cancer patient ﬁ@s usaq
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as the starting material. In the agent (endocrinotherapeutic agent) contact
step, 0.5 mM of a culture solution containing representative

endocri not herapeutic agents, nanely anti-hornone preparations (TAM
tanmoxi fen, MPA: nedroxyprogesterone acetate), was superposed on the cancer
cel |- containing globular collagen gel as obt4ined in the enbeddi ng step,
and the agents were continuously brought into contact wwth the cells in a -
5% car bon di oxi de incubator at 37 [err]C, thus carrying out culture. The
subsequent procedures were carried outhﬁovdi ng to the same nethods as in
Exanple 1, thus testing effects of the i -'"hornone preparations. - As a
result, it was confirned that t sensitivity of the breast cancer to 60
endocri not her apeuti c agents su % 5@@-? none_pr eparations could be
tested. --Exanple 11-- Effgcts gf uii ng a ):1 Glerapeut;'rc $§gent instead
of the d 7
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anti cancpr—a A* TEN to the sane procedures and ngideaads zfes
as:in Ex “':{";30 T{ icontact step and except that a

surgl cal 61"% ‘% sf“’ 8«. .é'ta . ained from a human canc pati ent was
used as } Q Pﬁ&?l’&ﬂ\e 05 |m  portion of a cujtufe solution
containi h ﬁ\é’“’r rﬁﬁpﬁéraﬁgﬁaﬁbdage t TNF_(Tunor Nec os tor) was
“super posk oéf“?”f"ﬁé carf@dsd celtP -Ra8# arnijng gl doI ar col :_F gel as obtained
in the epbeddi ng step, and the culturdg was effected in a 5% carbon di oxi de

i ncubat of BATB70OFeRELEIFTh#! klﬂﬁsequent procedures were carried out

according to the sane nethods as In Exanple 1, thus testing effects of the
TNE. As a resulmethadssisch eninomeldyeh gulture, ¢onted stiske mb@m enagdagen-gel

sensitivity of the breast cancer could be tested. -- nple 12-- Effects
of carrying outcuéf‘tfﬁeﬂﬁdlthﬁrléﬁ nehe we.m@ﬂm fothﬂiéfeéﬁm Byvertion gaay
contact step e ﬁgd acc@idl ng to the Oceg’ﬂ s and nethods as in
Exanpl e 1. ex\(l:viﬁt appiieq fot; ABPAP RER a8 t9 B‘chfFSttshéesiﬁent

o o e SN, e Y

of subcultured cells are carried out, a sample contalmng subcultured

cancer cells is used. In the prehmmary culture, one method which is
already known for culturing cells by adhering them to a support surface is
a so-called monolaYer'gxlture method. Speciﬁcally, for examplé, a culture
sample and a culture solution are placed in'a culfufe container and kept
under prescribed conditions, whereby only' specific live cells containing
cancer cells are proliferated under conditions where they are adhered
~onto a surfaee of a suppert such as the culture container. Apparatuses
used and treatment conditions are those as in the conventional
monolayer .culture method. The material of the support surface on
which the cells are adhered and proliferated may be selected so as to allow
the cells to favorably adhere and proliferate, or the support surface may be
coated with a chemical subs':tance,- a so-called cell adhesion factor, which |
allows the cells to favorably édh_ére and proliferate. As examples of the
cell adhesion factors there can be cited various types of so-called
extracellular matrices such as collagen, fibronectin, laminin and
vitronectin. Of them, TypeJV collagen is preferred.
After culturing, unnec’éssa_ry components of the culture sample,
which do not adhere to the surface of the support, are removed by
removing the culture sbluﬁon f'r‘om the culture container, whereby only

live cells which are adhered to the surface of the support can be collected.
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In the thermal treatnent step, 0.5 m of the culture solution was

super posed on the cancer cell-containing globular collagen gel as obtained
in the enbeddi ng step, and then allowed to stand stationary for one hour in
an incubator at 43 [err]C thus thermally treating the human cancer cells.
After the thermal treatnent, the cells were cultured in a 5 % carbon

di oxi de incubator at 37 [err]C The subsequent procedures were carried out
according to the same nethods as in Exanplfefl. As a result, it was
confirnmed that the sensitivity of the breast cancer to heating could be
tested. -- Exanple 13 -- Effects of carrying out a radiation treatnent step

i nstead of thecollaganizectreagaieht caniyasdlyzes pthae collagan ggklabyer ditsedf tontbhe
sane procedures and nethods as in Exanple 1. except for the radiation
treat nent st epwaibhttheuivegelloare adhergdnprionie affecting thadivessalspandthusa
surgi cal sanple (breast cancer) as obtained froma human cancer patient was
used as the st thererig littleadvarse effect on the live cells.

If dextran sulfate is added to the culture solution to bring into
contact with the globular collagen gel, dextran sulfate serves to prevent
the collagen gel from contracting, because dextran sulfate suppresses the
proliferation of fibroblasts. The proportion of dextran sulfate to add to
the culture solution is preferably in a range of 5 to 100 « g per milliliter of
the culture solution. The same effect is also produced when a serum-free
culture solution is used instead of adding dextran sulfate to the culture

solution.

(Embedding step):

A collagen solution used fﬁr forming the globular collégen gel(s)
may contain a common collagen material conventiohally used in various
animal cel_l-embedded culture methods, 5 high-molecular material such
as polysaccharides and other extracellular matrices, and a liquid material.
For example, the collagen used is preferably acid-soluble type-I collagen.
Various components other than collagen, which are necessary for culture,
may also be added to -the collagen solution. The collagen solution
preferably has the composiﬁbn of a buffer solution to match with or
approximate to physiological conditions of cancer cells of interest. As to
animal-oriented cancer cells, the solution is buffered to a pH of 6.2 to 7.6,

_ preferably 6.8 to 7.4, while i:he ionic strength is preferably set within a
range of 100 to 180 mmols, preferably 140 to 160 mmols, in NaCl

concentration. Conventional
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In the radiation treatnent step, 0.5 m of the culture solution was

super posed on the cancer cell-containing globular col | agen gel as obtai ned
in the enbedding step, and then irradiated with 10 Gy of Cobalt 60. After
the radiation treatnment, the cells were cultured in a 5% carbon di oxi de

I ncubator at 37 [err]C. The subsequent procedures were carried out
according to the sane nethods as in Exanple 1. As a result, it was
confirned that the sensitivity of the breasticancer to radiation could be
t est ed. -- Exanple 14-- A test was condﬁ&%ed in the sane way as in
Exanple 1, but the FDA reaction in the fluorescent staining step was

carried out not.atéﬂf iSRRI AN 1

cancer) as obtaine rom a he starting

material, and me prgsé,lgﬁgr h" anhpee &L&g&ex%@ém%aaam ng &4 RBsYIRS Gre

accordingtot Exanple 1. As a result,
effects of theeﬂ@ﬁaﬁéﬁﬁcﬂi&ﬂ liWe! Badte &ARCeAN Ceﬁ:'chﬁat@lﬂvdbéfcﬁ@ﬁﬁgui%heah&om

elution of the FDA reaction product fromthe cells were

dead ones, thus allowing an accurate evaluation of the proliferation state
of cancer cells being studied in the culture-test. The stain method may be
a conventional method for stain.ing various cells, so long as it is a
method capable of selectively staining live cells as distinct from other
substances including dead cells. Particular staining agents and staining
conditions may be according to conventional | methods. For example, NR
(neutral red) stain methdds or latex particle stain methods in which
phagocytic activity of cells is utilized, FDA (fluorescein diacetate) stain
methods in which enzyme activity in cells is utilized, or other stain
methods using a fluorescent reagent, or the like may be used.

An example of the treatment for selectively staining only live cells is
an NR stain treatment, which uses NR stain as the staining agent. Stain
conditions 'r;lay be the same as in c;onventional NR stain. In this NR
trea;tment, if a pigment is fixed into ;:ellé and if the _globular_cdllagen gel is
then dried, the dried globular collagen ge;l reflecting culhxré results by the
stained state can be preserved for a -iong time, and the procedure of
evaluation such as by image analysis provide the same accurate analysis
whenever the evaluation précedure may be made. NR stain is a
preferable method for selectivély staining only live ones of cancer cells,
but if left to stand after staining, an NR-staining agent as incorporated
into live cells elutes within a short period, thus making an evaluation

impossible except just after staining. If then, as mentioned
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obtai ned sinmultaneously. And it was al so possible to test the anticancer
agent sensitivity of the cancer cells sinply by neasurenent using a

fl uor ospectrophotoneter, w thout inage analysis. - Exanple 15- A test was
conducted in the sane way as in Exanple 1, but an anti body agai nst PCNA was
used instead of the NR staining agent in the pignent stain analysis step.
In addition, a lined cover slip was used imx%ead of the 24-well nultiplate
in the enbedding step. A surgical sanple (bt‘®st cancer) as obtained froma
human cancer patient was used as the starting material, and the steps other

he sane pr obediPee. Drtipienrole el Tk 3els byl il SHiator ﬁbedlﬁ%p?t"
o 2vs, o 15 CORL3RS s bty PRy BNtpregr i ting et
such that the ghelglobulatebllagangeieis then waslﬁeii with water and dried, there is no
| possibility of degeneration or degradation. Means for drying, for example,
may be watér-absorption using filter paper,I air-drying, or forcible drying
by heating to a range of about 10 to about 50 °C. The dried collagen gel
prepared by removing the moisture from the globular collageﬁ gel has a
flat, sheet-like structure. The dried globular collagen gel can successfully
be sealed using sealants such as Crysfal/Maunt (product of Biomeda
Corp.).

In addition, in the éase where image analysis is ?erfo.rmed, the
photography procedure is much easier by setting the focus on cancer cells
in a flat, dry collagen gel rather than on cancer cells in a three-
dimensional, globular collagen gel, allowing a more focused image and
thus a more accurate evaluation of culture resuits.

An FDA stain treatment is anotﬁer treatment for selectively staining
only live cells. This treatment is a method including measuring
fluorescent coloring as producéd by a reaction of an FDA staining agent
upon live cells followed by exposure to excitatory light. Basic apparatuses
and conditions for tests may be the same as in conventional FDA stain
methods, but in the présent invention the irradiation amount of
excitatory light and the measurement environment temperature are set
to within the ranges given later. The in-vivo-like morphology of
colonies that fluorescently colored cells form in the globular collagen gel
can be quantified and evaluated by image an’aly.sis. The FDA stain

method is a method which allows satisfactory
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formed w thout spreading outside of the lines. The cells as obtained by the
culture step were fixed using a 10 % formalin prior to the stain. The

ant’i body stain was tested using the antibody agai nst PCNA (nouse anti body
agai nst rat PCNA, product of Medac Cesellschaft tur Klinische
Spezi al praparate nbh) and an anti body stain kit (1 nmrunohi stochen cal
staining kit, product of Bioneda Corp.), in which respective trace anounts’ -
of - the antibody solution and the antibody s{ln reagent were brought into
contact with the cultured cell sanple only inside the |ines, thereby

all owi ng the cancer cell antigen to be stained. As a result, it was

possi bl e 10t eaftallheran! THENEELAGEY HRDUIdINAfdnOfc LUEIGRRE Sh ﬁ&{.tﬁcgg;‘: .

the basis of t antigen pr nple 16 (NR extraction'ne

test was Conduﬁﬁﬁﬂcdtibﬁ, r¥ietiarly? vt @%uilﬁr@éﬁiﬂ}il@ withDlitle EntatRgRteby Si S
of live cells as stained with tHe NR was not carried out, and the NR was

i nstead ext r acfibroblans) ort ve ebtablished kcell lirtw) s ueed us hralture sahfpsle i€ the A
surgi cal sanple (breast cancer) as obtained froma human cancer patient was

used as the stcontangnatiosr oalprotifieration ofthe fibsoblastsiis duppresaed dndamg of o
t he sane procedures and nethods as in Exanple 1,

the various manners as mentioned above. In addition, if the coloring
agent is solu-ble in water, continuous evaiuation can be made, because the
water-soluble coloring agent gives no more affection to cancer cells than
the FDA stain. |

Speciﬁc. methods and cc_mditions for the step including the above
mentioned colorimetric analysis may be the same as in culture-tests for
other cells. The coloring reagent used may be an AB coloring reagent
(trade name: AlamarBlue, product of Alamar Bioscience Co. Ltd), a
WST-1 coloring reagent, an XTT coloring reagent, an MTT pigment
reductant, or the like. o |

A method, by which the measurement can be made even if cells are
dead, is a method including selectively staininig substances as contained
in cells in the globular cdllagen gel, thus evaluating results.” The stain
methods employed may be a variety of conventiohal biochemical stain
methods so long as they allow the selective stain of substances as

" contained in cells. Specific staining agents and conditions may be

conventional ones, for example, staining reagents as used for staining
tissue can be used. _Practical examples of the staining agents are as
follows: hematoxylin, Giemsa's solution, pigments such as Crystal Violet,

ethidium bromide which stains nucleic acid, reagents which stain

components such as proteins, carbohydrates and lipids, reagents which
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except for the procedures of the formalin-fixation, the drying and the

I mage analysis in the pignent stain analysis step. The NR as incorporated
into live cells was extracted by dissolving the collagen gel with

col | agenase in the culture container and then adding an NR extractant, and
t he absorbance of the resultant extract was neasured.- Results are shown in
Tabl e 9. 64 Table 9 -Neutral Red Absorbance Measurenment Results - 5-FU
Con- 0.1 0.2 0.4 0.6 0.8 £28 concentration trol (Crax=1)
Absorbance 0.348 0. 307 0.206 0.123 0.100 0.079 0.072 Effect/
control ~ 1.00 0.88 0. 59 0.35 0.29 .  0.23 - 0.21 Exanple 17 (MIT

assay net hod): -Example1-
Cancer cells were tested according to the collagen gel-embedded
culture method of the pre;sent invention, in the order as shown in the
flow sheet of Table 1, thus comparing effects of different anticancer

agents.

(Starting materials):
Using a surgical sample as obtained from a human breast cancer
patient as the starting material, it was treated according to the order as

shown'in the flow sheet.

(Dispersion step):

The capsule, fat, etc. were removed from the tissue cbntaining the
breast cancer using scissors and fdrceps under aseptié conditions, and then
sliced with a razor. The sliced tissue was treated for two hours with a
multienzyme comi:lex containing collagenase (product of Nitta Gelatin
Inc.), hyaluronidase (product of Sigma Chemical Co.), dispase (product of
Godo Shusei Co., Lid), elaétasé (product of Wako Pu_fe Chemical
Industries, Ltd) and DNase (product of Sigma Chemical Co.), thus

digesting the interstitial tissue (see Example 1B).

(Separation step (principally blood cell separation)):
The tissue whose interstitial tissue had been digested in the
previous step was filtered with a nylon mesh filter (¢ 250 ©m), the

isolated cells were collécted by centrifugal separation, and then density
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A test was conducted in the sane way as-in Exanple 1, but an MIT reagent
was substituted for the AB coloring agent in the colorinetric analysis
step. A surgical sanple (breast cancer) as obtained froma human cancer
patient was used as the starting material, and the test was carried out
according to the same procedures and nethods as in Exanple 1, except for

t he procedures subsequent to the colorinetric analysis step. The fornmazane-
as deposited in live cells was extracted by dissolving the collagen gel
with collagenase in the culture container afBd}then adding a fornazane
extractant, and the absorbance of the-resultant extract was neasured, when

et rbsul t o wBFELISH KE A arieT, WA Saea 1p deyf o, i UG 8riehEed ool it "
STRU T oot PI0 el GonbAG i §ERLRRE BENRR YA GBRAs (R Ekdmpe

1C).

(Preliminary culture step (séparation, purification, preliminary
proliferation, and collectipn))_:
The dispersion containing the cancer cells and the like as obtained in
‘the preceding step (live tumor cells + fibroblasts + dead tumor cells +
dead tumor cell lumps + substances undigested by enzymes) was plated
onto a collagen gel (a collagen gel prepared on the bottom of a culture
dish) for culture (for details see Example 1D). The culture solution at the
time of the cell-seeding was DF culture solution + 10% FBS (DF: a mixed
culture solution containing one volume of Dulbecco’s modified Eagle
{DME) culture solution and one volume of Ham's F12 culture solution;
FBS: fetal bovine serum) (see Example 1B).
Upon the preliminary culture of the dispersion containing the
cancer cells and the like in the abqve-mentioned manner, it was observed
that only the live cells adhered to the collagen gel on the bottom of the
culture dish and spread there. Specifically, upon observation with a
microscope immediately after culturing and 24 hours thereafter, it was
confirmed that the live cells had adhered to and had spread on the
collagen gel, whereas the .dead cancer cells, dead cancer cell lumps and
substances undigested by the enzymes were suspended in without
adhering to the collagen gel. The culture sblution was then sucked from
the culture dish, and the collagen gel on the bottom of the culture dish

was washed. Observation with a microscope confirmed that the dead
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concentration trol (Crax=1) Absorbance 1.175 1.036 0.774 0.599
0.515 0.450 0.429 Effect/ control 1.00 0.88 0. 66 0.51 0.44
0. 38 0.37 -- Exanple 18 -- (Genmsa's stain nethod): A test was conducted
in the sane way as in Exanple 1, but Gensa's solution as used for tissue
stain was substituted for the NR-staining agent in the pignment stain:

anal ysis step. A surgical sanple (breast rTgamcer) as obtained froma human = -
cancer patient was used as the starting terial, and the steps other than
the pignent stain analysis step were according to the same procedures and
met hods as in Exanple 1. The G ensa stain-was carried out for cells as

bef orehand fi xgfhdesideflsa deaut édtlcet Qelb [RNPB! dd slibetanebsiindifestad by ahsed
cell s was neasured using an inmage analyzer. As a result, it was possible to

test the anti cenzsemesdwmet beemsemiovedy lesvingeonkycthst livgrredls. adhergdatepad 19- -
(DNA quantitative thadg: f\test was conducted in the sane way as in
Exanpl e 1, butspé'eﬁﬁl‘;“ i€ collagen gel. .

The live cells, which were adhered to and spread on the collagen gel,
were subjected to collagenase treatment for their separation, and the live
tumor cells and the like were collected by centrifugal separation (see
Example 1E).

In the preliminary culture as described above, basically the cells are
separated and collected after 24 hours, but when there were few live
tumor cells which were adhered to the collagen gel on the bottom of the
culture dish, the preliminary culture time was extended (for example, to
about 2-7 days), thereby alldw'mg the live tumor cells to proliferate at the
preliminary culture stage.

That is to say, even when the resulting live tumor cells were few,
they were proliferated by the preliminary culture, thus making it possible

to proceed to the next step.

(Embedding step):

The live tumior cells as obtained by the above-mentioned
preliminary culture and collection stéps were embedded into a globular
collagen gel and cultured.

The embedded culture was carried out as follows: 1 volume of 10-
fold concentrated Ham's F12 culture solution (sodium bicarbonate-free)
and 1 volume of a reconstituting buffer solution (50 mM NaOH solution
containing 260 mM sodium bicarbonate and 200 mM-HEPES) were added
to 8 volumes of Cellmatrix Type I-A (0.3% acid-soluble Type-I collagen
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fluorescent quantitative method was substituted for the pignent stain

anal ysis step. A surgical sanple (breast cancer) as obtained froma human
cancer patient was used as the starting material, and the steps other than
t he pignment stain analysis step were according to t he sane procedures

and nethods ‘as in Exanple 1. In the DNA quantitative nmethod, a sanple was
prepared by dissolving the coll agen gel with collagenase in the culture
‘contai ner and then collecting cells. ws in the case where the amount
of the cells in the collagen gel was clear y’ unsatisfactory to the
detection sensitivity in the DNA quantitative nmethod, a needed number of

col l agen gel s cont %’éhngtﬂéekhﬁu?é JlaHeR! cbit t it aM1Eziihée|i'ea§éiﬂanslnder
the same conditions were collected before the celTs were collectéd. The

col | ected cel | germevedfbyagctit, 15 eahafalculang sdlutivasfrea dromuareantitattedsi ng
a DABA reagent” was measured using a fluorospectrophotonmeter. As a result,
it was p055| bl agemt wesinstéwl added, dhe eesulfamt mirtuwetwas shaken inhe 5% cabon
cancer. -- l e 20--

gPoxide incubator, thus washing the globular collagen gel. This procedure

was repeated at least every 10 minutes for a total of 3 times, whereby the

anticancer agent was removed from the globular collagen gel.

(Culture step):

After the above-mentioned agent contact step, 0.5 ml of a culture
solution was added, and the culturc-_i was effected at 37 C in a 5% carbon
dioxide incubator for 7-14 days. The culture solution was exchanged
every 1-2 days. The proliferation culture sqlutidn as used was a culture
solution containing a DF culture solution + 10% FBS + 5 pig/ml insulin
(product of Sigma Chemical Co.) + 10 ng/ml EGF (EGF: epidermal growth
fabtor, product of Becton Dickinson Labware) + 20 ng/ml hydrbcortisone

(product of Sigma Chemical Co.) (see Example 1H).

(Colorimetric analysis step): _

The viability of the cells in the sample as obtained by the culture was
measured. |

For the measurerhént, an AB coloring agent was used to cause a
color reaction by the reductlve activity of the cells. | | |

The AB coloring agent was added in an amount of 1/50-1/10 relatlve
to the culture solution, and the reaction was conducted for 6 hours in a

carbon dioxide incubator.
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(Multiple stain): A test was conducted in the same way as in Exanple 1, but
different staining agents were substituted for the NR-staining agent in the
pi gment stain analysis step. A surgical sanple (breast cancer) as obtained
froma human cancer patient was used as the starting material, and the
steps other than the pignent stain analysis step were according to the sane
procedures and nethods as in Exanple 1. For,the nmultiple stain, Calcein and-
et hi di um broni de were used. As to the staingt cells, the volunme of the live
cells and that of the dead cells were severally neasured with Cal cein and
et hi di um brom de respectively, using an imge analyzer. As a result, it was
possible to test tphgtanthie attionddhatadtln® soMition Glad bepdratdls bff; andethe

67 -- Exanple 21-- (Substances produced fromcells in culture solution): In
the culture stebsarbance t hef agent adturect soletions wasExangdsuretdheusing a

spectrophotometer. The measurement of the absorbance was performed

at 570 nm with a reference wavelength of 600 nm. The results are shown

in Table 2.

o Table 2
-- AlamarBlue Absorbance Measurement Results -

Anticancer Con- MMC CDDP VDS VP-16 5-FU ADM

-agent trol | _

Absorbance  0.95 0.40 040 0.69 0,87 069 0.65
Effect/ 1.00 0.42 042 073 0.91 0.73 0.68
control

The same culture solution was also measured using a
fluorospectrophotometer, with an excitatory wavelength of 560 nm and a

detection wavelength of 590 nm. The results are shown in Table 3.

Table 3 :
- AlamarBlue Fluorescence Measurement Results --

Anticancer Con- MMC CDDP VDS VP-16 5FU ADM

agent trol
Fluorescence 7.09 3.24 2.66 513 664 507 4381
intensity '
(102) :
Effect/ 1.00 046 0.38 0.72 094 071 068
control '
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used culture solution was daily exchanged with a new one and col |l ected,

such that lactic acid as contained in each of the collected culture
sol'utions was quantitatively analyzed. A surgical sanple (breast cancer) as
obtai ned froma human cancer patient was used as the starting material to
carry out a test according to the sane procedures and nethods as in Exanple
1, except that the used culture solutions v&;-f collected during the culture-
step in the above-mentioned way. The quanti‘tative analysis of lactic acid
was carried out using a reagent kit for food analysis (F-kit L-lactic acid,
product of Boehrin Mannhei m GrbH), and the absorbance was neasured. As
aresult, it was p mumber thfstcasesetiaaﬁ icomhd cbe dgetad fmhgntlmnw égenhe

breast cancer. (Test using co-cul ture) Ex ng@ 22 -- Two EHI ar '
col | agen gel s §fRsd Wﬁ!ﬁfl@& Mﬂﬂ!ﬂﬁ%DcW%ﬁ?leo Hhe 63 eases @‘E&‘FSFJPE? er ent

types of cells, ch the interactiops re evaluate the cel

each one type of cg}’llt hisst séfYaescth&?-c ﬂl\g% ﬁ?q Jﬁf%é“%’?‘@%?& %ci’@s‘éﬂ
enbedded into di ff bul.ar col | age el StHES ectivel ou group
of fibrobl ast s“b‘f‘frb E\ag &hleﬁ ggfcess afe than n_ventlon:«ﬁ tescir meﬁ'\ods(.

-- Example 1B (Enzyme treatment methods) -

As the starting materials there were used interstitial tissue-rich
breast cancer (sample Al), gastric cancer (sample A2), esophageal cancer
(sample A3), pancreatic cancer (sample A4), skin cancer (sample A5), liver
cancer (sample A6), renal cancer (sample A7), uterine cancer (sampie AS8),
mucilaginous colon cancer (sample A9), interstitial tissue-scant lung
cancer (sample B1) and ovarian cancer (sample B2).

The capsule, fat, etc. were removed from each of the starting
materials using scissors and forceps under aseptic conditions, and then
sliced with a razor. The sliced tissue was treated with a multienzyme
complex or stepwise enzyme treatment for 2 hours, thus digesting the
interstitial 'tissue. = Herein, a multienzyme complex containing
collagenase, hyaluronidase, dispase, elaétase and DNase was used for
samples A1-A9 (method A), and a multieniyme complex containing
collagenase, hyaluronidase and DNase was used for samples B1-B2
(method B). As a result of varying the cell dispersion method (method A
or B) depending on the diffefent cancerous tissues, the cancerous tissues
were digested in a short time, and tumor cells with a high cell viability

were obtained.
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MRC-5, NB1- RGB G oup B (group of human cancer-oriented cell lines):
QG 56, PC-3, C1, PC 13, KATO 3, PC- 14 The coll agen gel solution for
enbeddi ng cells was prepared by adding 1 volune of 10-fold concentrated
Haml s F12 culture solution (sodium bicarbonate-free) and 1 volune of a
reconstituting buffer solution (50 nM NaOH sol uti on containing 260 mM
sodi um bi carbonate and 200 mvt HEPES) to 8 \éﬁl unes of Cellmatrix Type I-A
(0. 3% aci d- sol uble Type-I collagen sol uti product of Nitta Gelatin
Inc.), and preserved in ice, such that the collagen solution separated into
two liquids A and B. Then, the above-nentioned cell lines A and B were
added and wel | i xbulcontrast; wohenrthiearamcefoush éisswdsuviese dispepseal by stepwise
adjust their final cell density to 5 X 104 cells/ m, thus preparing
col | agen m xt uerzygok utreatmsentEasing mollagepassf andeprw;ht éproduct bAJOAKEN! ur e
solutions was placed into the shape of a hem sphere in an amount of 30 u |
per wel | at ang ACEUTICAL CO., LTD.) in accordance with a conventional
method 'Uapanese Official Patent Provisional Publication (Kokai) No.

. Heisei 3-285696), the interstitial tissue-rich breast cancer, gastric cancer,
ésophageal cancer, pancreatic cancer, etc. and mucilaginous colon cancer
required a long time (about 24 hours) for the collagenase treatment, and
in addition, the cell viability of the live tumor cells was deteriorated by
the pronase treatment. Moreover, when different cancer cells were
dispersed with simple collagenase treatment (method C), a multienzyme
complex containing collagenase and pronase {(method D) and a
multienzyme complex containing collagenase, pronase and trypsin
(method E). As a result, in method C a long enzyme treatment time
(about 24 hours) was required and the digestion of the interstitial tissue
was insufficient. In methods D and E the interstitial tissue was digested
in about 2 hours, but the yield of live tumor cells was decreased.

Furthermore, the globular collagen gel-embedded method was
applied in the very same manner as in Example 1 except for using
sampleé as treated by the respective methods, As aresult, the best results
were obtained by using method A or B, while although results were also
obtained with methods C&E, the performance was inferior when

compared with the application of method A or B.
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of two sites wwth an appropriate interval on a 6-well nultiplate using a

m cropi pette, thus form ng and fixi ng hem spherical globular collagen gels
20a and 20b containing different types of cells as showmn in Fig. 4. In Fig.
4, cells 50a of the group A are enbedded in the gl obular collagen gel 20a,
and cells 50b of the group B in the globular collagen gel 20b. A culture
solution 30 was poured into the inside of the multiplate 10 in such a large-
anount that the solution 30 could cover the globular collagen gels 20a and
20b and allow live cells to sufficiently prohiferate, particularly the
anount of the poured culture solution 30 bef'g 3 m. 69 Under the
conditions, the nmultiplate was preserved in a 5% carbon di oxi de i ncubat or
at 37 [err]C, thus carrying out co-culture. In addition, as a conparative

exanpl e, a 0l ObUEQLnAl IPIRMGR o bEEXIAAIIRF ntRCtoHe bk B PHOAMNES,

prepared, thus carryrng out co-culture | € sane way as ne
Live cells of theeHjlured cells were stained using the Neutral Red,

First, experimental confim_ta‘tion was made for the selection of the
extracellular mﬁtrix to be used for the preliminary culture, i.e., the
material for the support surface to be in contact with the cancer cells
during the preliminary culture, according to the present invention.

The extracellular matrices used were a bacterial plastic dish, a plastic
culture dish, a type IV cdilagen-coated plastic culture dish, a cell
adhesion factor (fibronectin, laminin or vitronectin)-coated plastic diéh
and a type-I collagen g;el plastic dish. For the experiment, 14 cases of
human lung cancer and 12 cases of human breast cancer were used as

- controls, and cancer cells as obtained by enzymatic treatment were seeded
onto various matrices to a cell density of 5 X 104 cells/ml. They were
then cultured for 24 hours in a 5% carbon dioxide incubator at 37 °C, and
the cell adhesion and the cell-spread were observed with a microscope.
| From the visual impressions, none of the used cancer cells was

“adhered or spread on the bacterial plastic dishes, but all were adhered and
spread on the plastié culture dishes. The adhesion and the spread of the
cells was even better on the plastic dishes as coated with collagen (types I-
IV) and with the cell a_dhesion factors. The extracellular matrix with
particularly excellent cell adhesion and cell-spread was the type-IV
collagen-coated dish. However, in preliminary culture as extended for 3
days or more, stable proliferation occurred in all cases on the type-I

collagen gel plastic dish, while on the type-IV collagen-coated dish,
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fixed, and dried, and then the volune of the cancer cell lines of the group
B was cal cul ated by inage analysis. As a result, variations were seen in
thé proliferativity of the cells of the group B, depending on conbinations
of cells of the groups A and B. The variations are shown in Table 11 in
terms of a ratio, (volume of group-B cells as co-cultured with group-A
cells) / (volune of group-B cells in the co rative exanple). Table 11 --

Ef fects of fibroblasts upon cancer cells -- oup B QG 56 PC3 C1
PC-13 KATO-3 PC-14 Goup A MRCG-5 ' 4.0 1.8 1.6 1.4 0.9
0.3 NBl- RGB 1.6 1.1 0.9 1.2 1.0 1.1 --Exanple 23--
The procedure gf c?thh\éQ?té BSRY Surid inVR6f hePE ISE ard®r (cRSesGRld S
of the group A, yﬁ@@G as the I?:Iel | s of the group B, and the {ol gvm ng

modi fi cations WAreofB#el2 Beast@iitet Bages,indthecdPpralfepition waahaizeble,
col l agen gel 20b was fornmed and fixed on the internal bottomof a flat
circular multipl at éVHen Hextesteingirelrohducted onlyesulgtitufifig dathiCof ftay aboye
materials for the extracellular matrix as used in the preliminary culture
step in Example 1, the most favorable results were obtained by Example 1,
but a certain degree of satisfactory performance was also displayed by the
~ other materials. |
From this it is clear that the commerdially available plastic dishes for
“cell culture can be used as extracellular matrices for preliminary culture,
and that'particularly when coated with type-IV collagen or the like, the
cell adhesion and the ceil—sprea_d are both impro‘:reg:l. Furthermore, it

would be understood that in the case where the culture is carried out for a

long time, the most stable proliferation is obtained on type-1 éollagen gel.

-- Example 1E (Method for cell collection after preliminary culture) -

A test was made for methods for separating the cells which had
adhered and spread on the bottom surface of the culture dish during the
preliminary culture. The separation method was carried out utilizihg the
commonly employed treatment with 1 mM EGTA and 0.1% trypsin. The
number of the cases in which the cells were sepafated within 5 minutes
by the treatment with 1 mM EGTA and 0.1% trypsin were 8 of the 14 lung
cancer cases and 7 of the 12 breast cancer cases. In addition, the number of
the cases which needed 5 minutes or more for the separation were 6 of
the 14 Iung cancer cases and 5 of the 12 breast cancer cases. Next, the

separated cells were collected by centrifugation and embédded into the
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70 was .pl aced so as to cover the globular collagen gel 20b with the

gl obul ar col |l agen gel 20a. In Fig. 5, cells 50a of the group A are enbedded
in the globular collagen gel 20a, and cells 50b of the group Bin the

gl obul ar col |l agen gel 20b. In addition, the cell density at which the cells
were contained in the gl obular collagen gel 20a was changed into a range of
0 to 5 X 10[err] cells/ mM as the final density. A culture solution 30 was -
poured into the inside of the multiplate 105% such a | arge anount that the
'solution 30 could cover the gl obul ar col | agen gel 20b and allow live cells

to sufficiently proliferate. The test was carried out in the sane way as in

Exanpl e 22 exc : : | | : -ghul ar
col Irrggen gel aﬁ%‘%@ﬁ‘ﬂ%ﬁ‘?%ﬁ%‘ﬁ 0(# %@3&%@@%@2@%@%@8%% of

QG 56 varied Wiifhdrh@INOF IffiroBlast + lduvadifithbl Yeells HVidead tulfRSUEdIB I¥fpsSHown
in Table 12. Table 12 -- Effects of MRC-5 upon QG 56 --
substances undigested by enzymes) was plated on a type-IV collagen-
coated culture dish or flask (hereinafter referred to as "type-IV collagen
substrate”), thus culturing ceHs.

.'I-'he culture solution at the time of the cell-seeding was DF culture

solution + 10% FBS. Next, 24 hours after the cell-seeding, the culture
solution on the culture dish was sucked and the collagen-coated bottom
of the culture dish was washed, whereby thé dead tumor cells, the dead
tumor cell lumps and the substances undigested by the enzymes were
removed. In addition, in order to suppress the proliferation of
Escherichia coli and saprophytic bacteria as suspected -of contaminating
the éulture Sy_stem, washing was again performed with a culture sélution
containing a high concentration of antibiotics (500 & g/ml kanamycin and
1mg/ml penicillin). '
- Next, the cells which had adhered and spread on the type-IV
collagen substrate were separated therefrom using 1 mM EGTA at 37 or 4
°C, and then using 0.1% trypsin (pro_ducf of Difco Laboratories) at 37 C or
0.03% trypsin (product of Sigrna Chemical Co.) at4 °C, and the live tumor
cells and the like were collected by centrifugal separation.

The steps as not mentioned above were carried out according to the
same procedures and methods as in Example 1. However, in the
proliferation culture step, there was used a culture solution containing a

high concentration of antibiotics, which was a mixture of DF culture

This is the replacement sheel

Date: 23 Fe8 B



Density of MRC-5 0.0 0.5 1.0 2.5 5.0 (1 X 10[err] cells/ m)
Vol une of QG 56 2.1 3.4 5.8 8.3 9.1 (107 [err]nferr]) --

Exdnpl e 24-- The procedure of Exanple 22 was repeated, but a calcium
phosphat e crystal was substituted for the cells of the group A and rabbit
bone marroworiented cells for the cells of the group B, and the foll ow ng
nodi fi cati ons were made. As shown in Fig. 6, hem spheri cal gl obul ar

col | agen gels 20a and 20b were forned and flxeﬂf‘pn the internal bottom of

a flat circular nultiplate 10, such that the gl obular collagen gels 20a and
20b were in contact with each other on their vertical faces. In Fig. 6, the

cal.ci um phosphgbﬁlﬁéﬂs;ai%%ggq ggggﬁeq_ gg;Pt hen HPM@% f‘gu 0N, %quIZOa

and the rabbit bone marrow oriente cin he glo col  agen gel
20b. A culturekaﬁghl# ?&ﬁ‘ggﬁnto the inside of the nultiplate 10
in such a | arge anount that he solution 30 could cover the

As aresult, it was confirmed that the anticancer agent sensitivity of

the colon cancer could also be tested.

— Example 4 -

The same procedurés and conditions as in Example 1 were used,
except that the starting materials used were different surgical samples
(lung cancer, ovarian cancer, thyroid glafld cancer, brain tumor) as
obtained from human cancer patients. However, in the dispersion step,
interstitial tissue and the like of the sliced tissues were treated for 2 hours
with a multienzyme complex containing collagenase, hyalufonidase and
DNase, thereb.y digesting interstitial tissue.in the sliced tissues.

“The steps as not mentioned above were catried out according to the
same procedures and methods as in Example 1. As a result, it was
confirmed that the anticancer agent sensitivity of human lung cancer,

ovarian cancer, thyroid gland cancer, and brain tumor could be tested.

- Exﬁmple 5--

Effects of different anticancer agents were tested according to the.
same procedures and methods as in Example 1 using as the starting
materials cancer cell-containing ascites and pleural effusion as obtained
from a human cancer pétient. However, the dispersion step was omitted
since it is unnecessary for ascites and pleural effusion. The preliminary

culture step was omitted when not particularly necessary. As a result, it
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gl obul ar col | agen gel s 20a and 20b and.-all.ow live cells to sufficiently
proliferate. The test was carried out'“in:the:same way as in Exanple 22
except for the conponents as contained in each gl obular collagen gel and
for the placenent of the gels. In addition, the gel 20b was eval uated by
m croscopy. As a conparative exanple, a globular collagen gel free froma
cal ci um phosphate crystal was prepared as the gel 20a, thus carrying out
culture in the same way as nmentioned above. fﬁ;g result of Exanple, the
calcification of extracellular matrices was rermarkably observed with regard
to cells as enbedded in or near the interface where the gels 20a and 20b
were i n cont acforthéd wﬁhbuﬁtsFﬁéadiffgioﬁztﬁH&edifVﬂié bnesia THeosellsbasobtaivas by y

carry out, because the interface was oriented in a vertical direction.

However, as totheheulturpatept weee fixedmising aHkd %aforpdalimprinr torthehstaimt Fhéace

was not observed. -- Exanple 25-- The procedure of Exanple 23 was repeated,

but TGF-[err] watibedysstainmawanrtegtedwusingadher antikedys AgainstuPEINA ofmouege

cells of the group A and rabbit-oriented vascul ar endotheljal cells for

the cells of taetibedy ggrinst rat PCNA, product of Medac Gesellschaft tiir Klinische

' Spezialpraparate mbh) and an antibody stain kit (Immunohistochemical

staining kit, product of Biomeda Corp.), in which respective trace
amounts of the antibody solution and the antibody stain reagent were
brought into contact with the cultured cell sample only inside the lines,
thereby allowing the cancer cell antigen to be stained. As a result, it was
possible to test the anticancer agent sensitivity of the cancer cells on the

basis of their antigen production.

- Example 16 --
(NR extraction method): | '

A test was conducted in the same way as in Example 1, but the image
analysis of live cells as stained with the NR was not carried out, and the
NR was instead extracted .f.rom the live cells, thus measuring the
absorbance. A surgical sample (breast cancer) as obtained from a human
cancer patient was used as the starting material, and the test was carried
out according to the same procedures and methods as in Example 1,
except for the procedures of the forfna_xlin-fixatidn, the drying and the
image 'analysis in the pigment stain analysis step. The NR as
incorporated into live cells was extracted by dissolving the collagen gel
with collagenase in the culture container and then adding an NR
extractant, and the absorbance of the resultant extract was measured.

Results are shown in Table 9.
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72 and the follow ng nodifications were nmade. As shown in Fig. 7, a

gl obul ar col | agen gel 20a was forned and fixed on the internal bottomof a
multiplate 10. In Fig. 7, the transformation growth factor 70 is contained
in the gl obular collagen gel 20a. A collagen gel 80a in which the
rabbit-oriented vascul ar endothelial cells 50d were enbedded was placed in
the layered forminto the inside of the nmultiplate 10, such that the

gl obul ar col |l agen gel 20a was covered with the_collagen gel 80a. The test
~was carried out in the same way as in Exanple(id;except for the conponents
as contained.in each collagen gel and for the placenment of the gels. In
addition, the collagen gel 80a was eval uated by m croscopy. As a result,
different proliferation shapes of the vasgaBlag endot helial cells were
observed dependi ng on t heNEuttaRed Absorbdrecedebsimemént Resujkobul ar
col | agen gel 20a. Results are shown in Table 13. Table 13 -- Effects of

TG [err] upon vassig@r endotggli alggel I sgo D gance ggm fogm 100
1 cdncentratich  trol
(Cmax=1)

Absorbance 0.348 0307 0206 0123 0.100 0.079 0.072
Effect/control  1.00 0.88 0.59 035 . 0.29 023 021

— Example 17 -
(MTT assay method):

A test was conducted in the same way as in Example 1, but an MTT
reagent was substituted for the AB coloring agent in the colorimetric
analysis step. A surgical sample (breast cancer) as obtained from a human
cancer patient was used as the starting material, and the test was carried
out according to the same .procedures and methods as in Example 1,
except for the procedures subsequent to the colorimetric analysis step.
The formazane as deposited in live cells was extracted by dissolving the
collagen gel with collagenase in the culture container and then adding a
formazane éxtractaﬁt, and the absorbance of the resultant extfact was
measured, when the deposited fine crystal of formazane was held in the
collagen gel, such that results were obtained with good accuracy. The

results are shown in Table 10.
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surface of gel 20a Proliferation state of | unp tree | unp/  lunp

| unp vascul ar endot hel i al tree cells -- Exanple 26-- The
priocedure of Exanple 25 was repeated, but rat-oriented hepatic parenchynal
cells were substituted for the cells of the group A and rat fetus-oriented
neurobl asts for the cells of the group B, and the follow ng nodifications
were made. As shown in Fig. 8, a hen1spher|€ﬁ5 gl obul ar 73 col |l agen gel
20a was fornmed and fixed on the internal bottomof a nultiplate 10. In Fig.
8, the rat-oriented hepatic parenchynmal cells 50e are enbedded in the

gl obul ar col |l agen gel 20a, and the rat fE{ple-10ri ented neurobl asts 50f were

directly coated on the i-nfFefiakzaheNteorbinddoletblitdrabat Red@ts A cel | -free
col l agen gel 80b was placed in the |layered formon the rat fetus-oriented

neur obl asts 50T 1 n g Re | nsl degif- The ultighate g4, 0.6 0.8 1.0

concentration trol
(Cmax=1)

Absorbance 1175 1.036 0774 0599 0515 0450 0.429
Effect/control  1.00 0.88 0.66. 0.51 0.44 0.38 0.37

-- Example 18 -- -

(Giemsa's stain method):
A test was conducted in the same way as in Example 1, but Giemsa's
 solution as used for tissue stain was substituted for the NR-staining agent
in the pigment stain analysis step. A surgical sample (breast cancer) as
obtained from a human cancer patient was used as the starting material,
and the steps other than the pigment stain analysis step were according to
the same procedures and methods as in Example 1. The Giemsa stain was
carried out for cells as beforehand fixed using a neutral 10 % formalin.
The volume of the stained cells was measured using an image analyzer.
As a resﬁlt, it was possible to test the anticancer agent sensitivity of the

breast cancer.

-- Example 19 -
(DNA quantitative method): |
A test was conducted in the same way as in Example 1, but a DNA
fluorescent quantitative method was substituted for the pigment stain
analysis step. A surgicallsai'nple (breast cancer) as obtained from a human
cancer patient was used as the starting material, and the steps other than

the pigment stain analysis step were according to the same procedures
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such that the globular collagen gel 20a mas covered with the coll agen gel
80b. The test was carried out in thé same way ‘as in Exanple 22 except for
the conponents as contained in each col | agen gel and for the placenent of
the gels. In addition, the rat fetus-oriented neuroblasts 50f was

eval uated by m croscopy. As a result, a variation in |engths of processes
as elongated fromthe neuroblasts was observed depending on the distance
fromthe surface of the gl obular collagen gel 20a. Results are shown in
Tabl e 14. Table 14 -- Effects of hepatlc paqgﬁphynal cell s upon neurobl asts
--- Distance (nm from 0 3 4 surface of

gel 20a Shape of neurobl asts - ddl e short short --
Exanpl e 27-- The procedure of Exanple Z‘J?‘Vggler&eat ed, but rabbit bone

marr ow- orient g §uﬁ§t‘ah§e%"ﬁ¥oed&déﬁ%6&“$e?ﬂ FP%;IH}% s‘iﬁ{ghén f the group A and 4

types of primar Cancer—ori &n cells he cells of the

group B, and the f qhl ey @Gltﬂ?éj'siéﬁzﬁrtbprlﬁe"fée?\t "Wfifact step as in Example, the
used culture solution was daily exchanged with a new one and coHected,
such that lactic acid as contained in each of the collected culture solutions
was quantitatively analyzed. A surgical sample (breast cancer) as obtained
from a human cancer patient was used as the starting material to carry
out a test according to the same procedures and methods as in Example 1,
except that the used culture solutions were.-collected during the culture
step in the above-mentioned way. The quantitative analysis of lactic acid
was carried out using a reagent kit for food analysis (F-kit L-lactic acid,
product of Boehringer Mérmheim GmbH), and the absorbance was
measured. As a result, it was possible to test the ant'ican'cer agent
sensitivity of the breast cancef.
(Test using c‘o-cultu-re): .
-- Example 22 --

Two globular collagen gels were prepared in one culture container to
culture different types of cells, of which the interactions were evaluated,

As to the cells, cach one type of cell was selected from the following
groups A and .B and embedded into different globular cei'}agen gels
respectively. | '
Group A (group of fibroblasts-oriented cell lines):

MRC-5, NB1-RGB
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As shown in Fig. 9, a hem spherical gl obular collagen gel 20a was forned
and fixed at the center of the internal bottomof a multiplate 10, and
hemri spherical gl obul ar collagen gel's 20b, 20c, 20d and 20e cont ai ni ng
different types of cells were formed and fixed at. 4 sites with appropriate
interval s around the gl obular collagen gel 20a. In Fig. 9, the rabbit bone
marroworiented cells 50c are enbedded in the gl obul ar col |l agen gel 20a,
and the different types of lung cancer-orien cells 50g, 50h, 50i and 50j
are enbedded in the globular collagen gels 287 20c, 20d and 20e
respectively. A cell-free collagen gel 80b was placed in the | ayered form
in the inside of the multiplate 10, such that the gl obul ar coll agen gels
20a, 20b, 20c, UiGtkratite 2@aditions,c the rreailtiplate tiwes quiebayed el a &¥b. carbent est
was carried out in the same way as in Exanple 22 except for the conponents
as contai ned i diotide ihathatar at3 Gdbus gatryingdut pe-cubijigeed col | agen gel and
for the placenent of the gels. As a conparative_exanple, a gl obul ar
col | agen gel free In@gditien) ps aeeoppariiedexample QJEEQHH‘&‘F Cguilg%ﬁﬁl dge

in the sane way gs nenti oned above.

202, thus cdrr ¥l’iOrl]'(hJ t?lgtceﬂélé trh% group A was prepared, thus carrying out co-culture
| in the same way as mentioned above.
Live cells of the cultured 'cell.é were stained using the Neutral Red,.
fixed, and dried, and then the volume of the cancer cell lines of the group
B was calculated by image analysis.
As a result, variations were seen in the proliferativity of the cells of
the group B, depending on combinations of cells of the grdups A and B.
The variations are shown in Table 11 in terms of a ratio, (volume of

group-B cells as co-cultured with group-A cells) / (volume of group-B

cells in the comparative exémple).

Table 11
-- Effects of fibroblasts upon cancer cells --

GroupB  QG56 PC3  C1. PC13 KATO3 PC14

Group A .
MRC-5 40 1.8 1.6 14 0.9 03
NB1-RGB 1.6 1.1 09 1.2 - 10 1.1
-- Example 23 -

The procedure of Example 22 was repeated, but MRC-5 was used as
the cells of the group ‘A, and QG-56 as the cells of the group B, and the
following modifications were made. As shown in Fig. 5, a hemispherical
globular collagen gel 20b was fofmed and fixed on the internal bottom of

a flat circular multiplate 10. Next, a globular collagen gel 20a (100 xm)
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As a result, variations were seen in the proliferativity of the respective
cells as enbedded in the globular collagen gels 20b, 20c,” 20d and 20e,
dependi ng on the cells as enbedded in the gl obul ar collagen gel 20a. The
variations are shown in Table 15 in terms of a ratio, (volune of |ung
cancer-oriented cells as co-cultured) / (volune of lung cancer-oriented

cells in the conparative exanple). Table 15 -- Effects of bone
~marroworiented cells upon cancer ceI I s -- G?Ej)ul ar coI | agen gel 20b
20c 20d 20e Co-cul ture/ 0.4 conparative

exarrpl e | NDUSTRI AL APPLI CATI ON Even i f the armunt of ani mal cells is snall,
various tests for them can be carried out by ani rrE gbrggmé

cul ture met hodWage ddreadep as te H@Vﬁ'f é%%gﬂolmeémlasen aeg@vmh.t ¢

| ncl udes the St Of Cgllé Png lg. 3 ceils %0a o?eif‘uecg?'g\qlpu\.oar}% e%écfdetcp i the ©

enbedded in a. collfagen g
globular collagen gel 20a, and -cells 50b of the group B in the globular

collagen gel 20b. In addition, the cell density at which the cells were
contained in the globular collagen gel 20a was changed into a range of 0 to
5 X 104.cells/ml as the final density. A culture solution 30 was poured
into the inside of the multiplaté 10 in such a large amount that the
solution 30 could cover the globular collagen gel 20b and allow live cells
to sufficiently proliferate. The test was carried out in the same way asin -
Example 22 except for the number of the cells as contained in each
globﬂar collagen gel and for the pfacement of the gels.

As a r_esult, the volqme of QG-56 varied with the vax.-iatioh of the

density of MRC-5. Results are shown in Table 12.

Table 12
-- Effects of MRC-5 upon QG-56 --

Density of MRC-5 0.0 05 10 25 50
(1 X 104 cells/ ml) ' _

Volume of QG-56 2.1 34 58 8.3 51
(107 g m3)

 —Example 24
The procedure of Example 22 was repeated, but a calcium phosphate
crystal was substituted for the éells of the group A, and rabbit bone
marfow-oriente_d cells for the cells of the group B, and the following
modifications were made. As shown in Fig. 6, hemispherical globular

coll_ageh gels 20a and 20b were formed and fixed on the internal bottom of
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gl obular collagen gel. In addition, accurate tests are possible to carry
out, because the proliferativity ofwafinal* cél ks during their culture by
this nethod.is very good. Furthernore, when cul'ture results of the cells
are eval uatéd, the evaluation utilizing biochenical reactions of the cells
is possible by the method of the present invention.” Accordingly, whether
the cells are alive or not, the nmethod of the present invention is
applicable to various evaluations. In additi?ﬁ? many types of cells can be
cul tured sinultaneously by the aninmal cell-enbedded cul ture-test method of
the present invention, because the gl obular collagen gel is used in this

nethod. If t Lt ' he ik |1,

embodded i n § P ahecFaTG e BRe BEATRAS vie pBoge: e ShPo ReFle ot

bet th L4l I d._ Tk { nal Lyl - -t est

e e e o 20R o i, B 50 TR e

sens Y R gritipfd 18. "nCPig. 7, THE L Rs P BN oW th FeBF VRS is

ani mal experinent substitution _
contained in the globular collagen gel 20a. A collagen gel 80a in which

the rabbit-oriented vascular endothelial cells 50d were embedded was
placed in the layered form into the i.nside of the rﬁultiplate 10, such that
the globular collagen gel 20a was covered with the collagen gel 80a. The
test was carried out in the same way as in Example 22 except for the
corhponents as contained in each collagen gel and for the placement of
the gels. In addition, the collagen gel 80a was evaluated by microscopy.

| As a result, different prolifératioﬁ shapes of the vascular endothelial
cells were observed depending on the distance from the surface of the

globular collagen gel 20a. Results are shown in Table 13.

. : Table 13
-- Effects of TGF- B upon vascular endothelial cells --
Distance {mm) from 0 1 2 3 4
surface of gel 20a '
Proliferation state of  lump  tree  lump/ lump lump
vascular endothelial tree _
cells
-- Example 26 --

The procedure o.f_Example 25 was repeated, but rat-oriented hepatic
parenchymal cells were substituted for the cells of the group A, and rat
fetus-oriented neuroblasts for the cells of the group B, and the following .

modifications were made. As shown in Fig. 8, a hemispherical globular
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rre\th@ds .perfor n%”F;e tests of artificial organs, and the |iKke. 77 CLAIMS
1A et hod fror t.uring animal cells under enbedded conditions, which -

conprises: a-celd - di spersion step of dispersing animal cells |ntqmﬁmbq zP0 3
col I'agen solutlon an enbeddi ng step of. placing a drop or drops of the
~.collagen solution on a surface of a support to allow the drop or drops to
gel to formand fix on the support surface a-gl obular collagen gel or gels
havi ng-.a caonvex surface; and a culture step of culturing the animal cells
by bringing a culture solution into contact with the collagen gel or gels.
2. A nethod as~in claim1, which furthaBsTraepri ses an eval uation step after
the cul'ture step. 3. Anethod as in cIa|n12 wherein the eval uation step

i ncl udes a _
Method of Culturing Animal Cells Under Embedded Conditions
A method for culturing animal cells under embedded conditions,
which includes: a cell dispersion step of dispersing animal cells ‘into a
collagen solution; an embedding step of placing a drop or drops of the
collagen solution on a surface o.f a support to allow the droi) or drops to

gel to form and fix on the support surface a globular collagen gel or gels

having a convex surface; and a culture step of culturing the animal cells

by bringing a culture solution into contact with the collagen gel or gels.

(Figure 1(a) to accompany the Abstract when pﬁblished.)
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b

reagéﬁttéontact step. of using a reagent utilizing a biochenical reaction
which is caused by.the cells enbedded in the collagen gel or gels. 4. A
method as in cfaim3, wherein the eval uation step further includes: a
_phot ographi ng step of photographing the collagen gel or gels; and an inmage
anal ysis step of subjecting to image analysis an image which is taken in

t he phot ographi ng step. 5. A nethod as in claim4, wherein the image
anal ysi's step further includes a staining step of selectively staining the
cells enbedded in the collagen gel or gels. 6. A nethod as in claimb5,
wherein the staining step includes a Iive cell-staining step of selectively
staining live cells in the collagen gt FJH gels. 7. ASHMRAPORBPATENG{AI M 6
wherein the staining step includes an Stai ning st of GRahagp vel
staining live cells in the collagen gel or gels with an NRStarmrmg—agent.

Fig. IB
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8. \A nethod as in claim7, wherein the NR-staining step |ncludes
step of fixi ng the NR-stai ning agent

a fixing

into the live cells; and a drying step

of drying the NR-staining agent fixed in the fixing step. 9. A method as in

claim8, wherein the ani ma
are primary cells.
bef ore the cel

a prelimnary culture sanple containing the ani mal
sol ution on a surface of a prelimnary support with a collagen gel
and collecting only live cells which are adhered to the.

an adhesi on factor,

surface of the prelininary support,
79 11. A nethod as in claim 10, wherein the cukhitgSPSREUWATHNTS a
12. A nmethod as ijn clgmmnﬁgﬂ)mherein t he

serumfree cul ture sol ution.

Lt
N

Fig. 2A

primary cells are obtained froma sllght anmounts

cells which are cultured in the culture step
10. A method as in.claim9, which further conprises
di spersion step a prelimnary culture step of preculturing

cells using the culture
| ayer as

t hus obtaining the culture sanple.

0001—to~1TU; of tissue.

Fig. 2B

Fig. 3
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P3F A rrethod as in claim9, wherein the prlmary cells are obta| ned froma
sILght_ amount, 0.001 to 1 g, of tisstie. 14. A nethod as in claim6, wherein
.the live éell\-stai ning step includes a step of staining the live cells with
an FDA: st ai ni ng agent under conditions where the irradiation amunt of
excitation light is in a range of 1 X 10[err] to 1 X 10[err] | ux-sepssidy ztas
where the neasurenent environnent terrperatqlre isin arange of 1 to 15
[err]C. 15. A nethod as in claim3, wherein the animal cells which are
‘cultured in the culture step are primary ceIIs 16. A method as in claim
15, which further conprises before },’hg} di sper si a prelimnary
a

culture step of preculturing a prel y culture §H}HEAPOREt t he
animal cells on a surface of a prel |gpnpry support ysin GRh@q@% _
solution, and collecting only live cells which are adhere rface

of the prelimnary support, thus obtaining the culture sanple. 80
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i.A'method as in claim 16, wherein the prelininary support has a ceII'
adhesi on factor which is coated on a surface of the prelimnary support.

18. A met.hod as in claim17, wherein the cell adhesion factor is a collagen
gel layer. 19. A nethod as in claim 18, wherein the culture solution is a
serumfree culture solution. 20. A nmethod as in claim18, wherein the
primary cells are obtained froma slight arpunt, 0.001 to 1 g, of tissue.
21. A nethod as in claim17, wherein the cture sol ution contains dextran
sulfate. 22. A nethod as in claim15, wherein the pr|éﬂhé cells are

obtained froma slight anount, 0.001 to 1 g, of tissug:™ éPOR TENITfas i n
claim3, wherein the reagent contact step includes a'l TER angl ysis
step of carrying out colorinetric analysis using a coloring reagent Which

causes a sel ective color reaction by netabolic activity of the live cells
in the collagen gel or gels.

Fig.2 (b)
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" A nmethod as in claim3, wherein the reagent contact step includes a
step of quantitatively analyzing substances whi'ch are contained in the
cefls enbedded in the collagen gel or gels. 25. A nethod as in claim 3,
wherei i the reagent contact step includes a step of quantitatively

anal yzi ng substances which are secreted into the culture solution fromthe
cells enbedded in the collagen gel or gels. 26. A nethod as in claim3,
wherein the reagent contact step includes a staining step of selectively
'staining the cells enmbedded in the collagen&el or gels, ~and wherein the
eval uation step further includes a reagent extraction stepNGipgER
the reagent after the staining step. 27. A nmethod as in clai@k‘-
the staining step includes a live cell-staining step of sel&e :
staining l.ive cells in the collagen gel or gels.

Fig. 4
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