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Aim. The aim of this work is to optimize conditions of malignant cells cultivation in soft agar for subsequent
immunohistochemical analysis of formed three-dimensional colonies. Methods. Cultivation of breast carcinoma
cell line MCF-7 in soft agar, immunohistochemical and immunofluorescence detection of epithelial antigen and
mTOR kinase in cultured cells. Results. We describe a methodical approach to the culti- vation of cells in soft
agar, which allows to carry out morphological, morphometric and immunochemical analysis of the studied cells.
Conclusions. The proposed method provides an additional characteriza- tion of cells growing in soft agar,
which will be useful in basic research and in evaluation of the effectiveness of anticancer drugs.

Keywords: soft agar, evaluation of colony formation, three-dimen- sional culture of malignant cells.

Introduction. The efficiency of colony formation
by tumor cells in soft agar is rather widely used to
characterize malignant cells in vitro [1, 2]. The method
consists in determination of the number of cells which
are capable of giving rise to new colonies. In some ap-
proximation this test is considered as the ability of cells
for substrate-independent growth, which could indicate
a higher metastatic potential of the investigated cells.
For this purpose a suspension of separate cells is placed
in semisolid agar, which prevents interaction between
the cells and cell adhesion to the growth surface. Thus,
the resulting colonies originate from single cells. The
number of cells that give rise to new colonies chara-
cterizes the carcinogenic properties of cell population
[3]. However, it should be noted that an issue of the
origin of metastasis from a single cell or a group of cells
remains controversial, which in turn open a questions
about an adequacy of this method. However, numerous
studies have demonstrated a very high correlation bet-
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ween the efficiency of colony formation by malignant
cells in soft agar and the results obtained on laboratory
animals [4]. At present, the evaluation of colony for-
mation in soft agar is considered more appropriate me-
thod for studying tumor cells than conventional mono-
layer culture. The experimental technique is not very
complicated and used quite extensively. Usually a Petri
dish is covered with a layer of 1 % agarose, and then a
cell suspension in 0.3 % agarose solution is layered. An
external layer of 1 % agarose is often applied to
simplify the procedure of culture medium replacement.
After a certain period of cultivation the colonies of cells
are analyzed under a light microscope [5, 6]. The
colony formation efficiency, defined as the percentage
ratio between the number of the colonies formed and
the number of initial cells, is used as an index of the
degree of cell malignancy. Additional hardware and
software are often used to calculate the number of colo-
nies [7, 8]. However, the morphological and immuno-
histochemical analysis of obtained colonies of mali-
gnant cells is of particular interest. It allows both
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quantitative and qualitative (by the content of investi-
gated antigens) characterization of the growth of mali-
gnized cells in conditions of three-dimensional cul-
tures. This paper presents an approach to obtaining his-
tological sections for immunohistochemical analysis of
cell colonies isolated from soft agar.

Materials and Methods. Cell culture. Cell line
MCF-7 derived from breast carcinoma were cultured in
medium DMEM (Sigma, USA) supplemented with 10
% fetal bovine serum (FBS, Hy Clone, USA), 50 U/ ml
penicillin, 50 pg / ml streptomycin, 4 mM glutamine
(PAA, USA), until they reached 80-90 % monolayer
confluence. The cells were removed with the solution
0f 0.25 % trypsin-0.02 % EDTA (PAA) and calculated
in hemocytometer (Goryaev's chamber). 0.6 % agarose
solution was previously prepared (Serva, USA) using
deionized water, and autoclaved. Also the two-fold
concentrate of cultural medium was previously pre-
pared for subsequent mixing with agarose. At a tem-
perature up to 40 °C 6-:10° cells were mixed with 1 ml of
two-fold culture medium and 1 ml of 0.6 % agarose and
added into 15 ml sterile plastic tube. In 10—15 min 2 ml
of culture medium was layered and the cells were cul-
tured for 10 days, with replacing 2 ml of culture me-
dium every 4-5 days. The fixation was performed using
formalin (final concentration of 5 %) for 30 min.

Immunohistochemical analysis. The suspension of
cell colonies was filtered through nylon mesh filter with
the pore diameter of 40 um with subsequent five-fold
washing with buffered saline, pH 7.2 (0.8 g NaCl, 0.02
g KCl, 0.02 g KH,PO,, 0.082 g Na,HPO,, 0.013 g
NaH,PO, per 100 ml of buffer). Histological sections
were obtained according to [the] standard histological
technique with slight modification. Then the sections
were stained with hematoxylin and eosin. The modi-
fication consisted in decrease of time of microsample
incubation in alcohols and xylenes. Taking into account
small sample size and the rate of diffusion of fixatives,
alcohols and xylenes, the incubation period was de-
creased to 30 min. The histological sections were boiled
twice in the microwave oven for 5 min in 10 mM citrate
buffer for the exposure of determinants. Epithelial
antigens were defined using mouse monoclonal anti-
bodies to cytokeratins (anti-Pan cytokeratin, Clone 11,
Sigma) in dilution 1:100. Mouse monoclonal anti-
bodies (F11) obtained in our laboratory were applied to
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determine subcellular localization of mTOR kinase in
1:100 dilution. The immunohistochemical analysis was
performed using UltraVision LP Value Detection Sys-
tem (Thermo, USA). Goat antibodies to mouse IgG, co-
njugated with FITC were used for immunofluorescent
analysis (Jackson Immunoresearch, USA).

The sections were analyzed using Leica DM 1000
microscope (Germany) and Zeiss LSM 700 confocal
microscope (Germany).

Results and Discussion. As usual the deter-
mination of cell capability to colony-formation in soft
agar is performed by the three-layer method. The layer
of 1 % agarose is applied on the bottom of cultural dish
for the prevention of cell adhesion to the growth
surface. Then 0.3 % agarose containing a cell suspen-
sion is layered. The upper layer of 1 % agarose allows
replacement of the nutrient medium without the re-
moval of a part of cell suspension.

The approach, proposed by us, implies the use of
disposable plastic tubes instead of cultural dishes. Since
the surface of such tubes is non-adhesive, there is no
need to cover them with a bottom layer of 1 % agarose.
Cell suspension in soft agar is placed directly into a
sterile tube. So, both the bottom layer of 1 % agarose
and the upper one are not applied, because it is possible
to change the nutrient medium in the tube without
touching the upper layer of cell suspension in agarose.

While placing cultures into CO2-incubator it is
necessary to provide the gas exchange between the
incubator and the tube content. Nowadays a number of
producers, including TPP, Ctlltreat and others, supply
sterile plastic tubes with lids, containing a filter, en-
suring the gas exchange in cultivation conditions, but
preventing the contamination of cultures. The cell sus-
pension in agarose was placed into the tubes and then
into the refrigerator for 10—15 min at the temperature of
4 °C for agarose solidification. Then, in the conditions
of laminar box, the growth medium was gently layered
onto the surface of soft agar with cells. The cells were
cultured for 10-14 days at 37°C, 5 % CO,.

Thereafter three-dimensional cell cultures were
fixed by the addition of either glutaraldehyde to the
final concentration of 2.5 % or formalin to the concen-
tration of 5 %. Fixation was performed for 30 min up to
2 h. The amount of PBS equal to the volume of soft agar
with cells was added. Thus, the final concentration of
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Fig. 1 Colonies of MCF-7 cells, cultivated in soft agar. Determination
of the size of colonies

agarose was 0.15 %. After fixation, the suspension of
colonies was placed into a water bath (60—75 °C) and
incubated for 30 min with subsequent slow mixing by
rotation until even suspension of colonies was reached.
The suspension of cell colonies (20—100 ul) was
transferred to the glass slide using the tip with a large
outlet and covered by the glass sheet of 18 x 18 mm.
The colony size is defined under a microscope (Fig.1)
Under these conditions, all colonies of cells were ar-
ranged in one plane.

Colony growth in soft agar in tubes significantly
simplified the procedure of histological sections ob-
taining. For this purpose the colonies were collected on
the nylon filter with the pores diameter of 40—100 um to
remove the agarose. After washing off the residues of
agarose, the cell cultures were dehydrated by alcohols
of increasing concentration; the histological sections
are obtained in accordance to the technique, described
in Materials and Methods.

For example, (Fig.2) demonstrates a section of
MCEF-7 cell colony, grown in soft agar. The possibility
of immunohistochemical techniques application for the
analysis of these sections has been proved by de-
termining the epithelial antigens, namely cytokeratins,
(Fig. 3). Moreover, the subcellular localization of
mTOR kinase was established in the MCF-7 cells
cultured in tubes: mTOR kinase nucleolar localization
(in addition to cytoplasmic) was revealed for the first
time. It was further confirmed by histological sections
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Fig. 2 Colonies of MCF-7 cells, cultivated in soft agar. Staining with
hematoxylin-eosin. Ob. 10x, Oc.40 x.

Fig. 3 Immunohistochemical detection of epithelial antigens
(cytokeratins) in three-dimensional cultures of cell line MCF-7. Ob.10
X, 0c.40 x.

Fig. 4 Immunofluorescence analysis of subcellular localization of
mTOR kinase in MCF-7 cells cultivated in soft agar. Nucleoli are
indicated by arrows. Ob.10 x, Oc.63 x.



OPTIMIZATION OF TUMOR CELL CULTURE CONDITIONS IN SOFT AGAR FOR IH ANALYSIS

of malignant tumors of breast cancer and monolayer
cultures of MCF-7 line cells (Fig.4).

Conclusions. The method proposed for the esti-
mation of colonies, formed by malignant cells in soft
agar, will allow rather fast and efficient analysis of
investigated cells and considerable simplification of the
procedure of their cultivation. Further immunohisto-
chemical analysis of cells growing in three-dimensional
conditions, will provide an additional information
regarding the availability of specific antigens in the
cells under study.

In the author's opinion, this method will be useful
for basic researches of malignant properties of cells in
vitro as well as for the analysis of anticancer drugs on
cells of different origin.

This work was partially supported by a grant from
the State Fund for Fundamental Research of Ukraine Ne
F46/457-2011.

A. U. Xopyscenro

OHTI/IMI/ISaLII/ISI yCIIOBI/Iﬁ KYJbTUBUPOBAHUS OIIYXI'OJIEBBIX
KJIETOK B MSII'KOM arape Juist ux HaﬂbHeﬁLHeO

HUMMYHOTUCTOXUMHUYICCKOI'O aHalIn3a

T'ocynapcTBeHHas KitoueBas 1a00paTopust MOJICKYJISIPHON U
KJICTOYHOUM OMOJIOTHH,

WucTtutyt MosekymsipHoi Ouosnorun u reaetuku HAH Ykpauns
V. Axagemuka 3abonorHoro, 150, Kues, Ykpauna, 03680

Pesrome

Henv. Onmumusuposams yciogus KyibmuupoBaHus 310Ka4ecmeeHt-
HBIX KIEMOK 8 MASKOM azape 071 NOCae0yIoue2o UMMYHOUCIOXUMU-
Yecko20 ananu3a 00pPA308AHHBIX MPEXMEPHBIX KONOHUL KIEeMmOK.
Memoowt. Kyromusuposanue knemox aunuu MCF-7 kapyunomsl mo-
JIOYHOTL Jicene3bl 8 MACKOM azape, UMMYHOUCIOXUMUYECKOe U UMMY-
HooOpecyenmuoe  GulsGaeHUe  ONUMETUATLHBIX  AHMUSEHO8 U
xunazot mTOR 6 kynrvmusupoganuvix kiemxax. Pezynemamut. Onu-
can Memooudeckuil. nooxXoo0 K KyJIbMusUupo8anulo Kiemoxk 6 Miackom
azape, no380AIOWUL NPOBOOUMb MOPHOIOUeCKUll, MOPPOMempuU-
YeCKUull U UMMYHOXUMUYECKUT AHATU3 UCCTeOVeMbIX Kl1emoK. Bol1éoowi.
IIpeonoswcennviti memoo npedocmasisienm OONOIHUMENbHYIO XapaKme-
PUCMUKY KeMOK, PACMYUWUX 8 MASKOM azape, Ymo Modicem Oblms no-
Je3HbIM  KAK 05l 0a306bIX UCCIe006AHUL, MAK — Npu  OyeHke
appexmusno- cmu nPpOMUBOONYX01e6bIX NPENAPAMOs.

Kniouesvie cnosa: msaekuii azap, oyenka s¢pghexmusnocmu Ko10HU-
eobpazosanust, mpexmepHvie Kyibmypol 310KA4eCMEEHHbIX KIEMOK.

A. 1. XopysxeHko

OnTHMi3alis yMOB KyJIbTHBYBaHHS ITyXJIHHHUX
KJITHH y HaMiBPiJKOMY arapi uist iXHbOTO M0JIaJIbLIOTO

IMYHOTiCTOXIMIYHOTO aHai3y

Pestome

Mema. Onmumizyeamu ymMogu Ky1bMuey8ants 310AKICHUX KIIMUH y
Hanigpiokomy azapi 0iisi NOOAIbULO20 IMYHOICMOXIMIYHO20 AHANI3Y
OMpuUManux mpueuUMipHux Konouiu xnimun. Memoou. Kynemugygan-
us knimun ainii MCF-7 kapyunomu MOIOYHOL 3a103U Y HANIBPIOKOMY
azapi, IMyHO2ICMOXIMIYHE MA IMYHODIyOpecyeHmue GUsGIeHHsL enime-
aianvrux anmueerie i kinasu mTOR y kyrbmueosanux xkiimunax. Pe-
ynomamu. Onucano MemoouyHull nioxio 00 Ky1bmugyeaHHs Kiimun
V HAnigpioKomy azapi, wo 00360J5€ NPOBOOUMU MOPGOoIuHUL, MOD-
omempuuruil ma IMYHOXIMIYHULL AHALE3 O0CTIONCY8aHUX KiimuH. Bu-
CHOGKU. 3anpononosanuil Memoo Haodae 000amKo8y XapaKmepucmu-
Ky KIImuH, AKi pocmyms y HaAniepiokomy azapi, wjo mosxce Oymu Ko-
PUCHUM 5K 071 6A308UX 00CAIONHCEHb, MAK | Npu OYiHYi eghekmusHoCmi
NpOMUNYXTUHHUX NPenapamie.

Knrouosi cnosa: Haniepiokuii azap, oyiHka epekmugHocmi Ko-
JIOHIE- YMBOPEHHA, MPUBUMIPHI KYIbMYPU 310AKICHUX KLIMUH.
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