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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-

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 �g / ml streptomycin, 4 mM glutamine

(PAA, USA), until they reached 80–90 % monolayer

confluence. The cells were removed with the solution

of 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 6·103 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 µm with subsequent five-fold

washing with buffered saline, pH 7.2 (0.8 g NaCl, 0.02

g KCl, 0.02 g KH2PO4, 0.082 g Na2HPO4, 0.013 g

NaH2PO4 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

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 370 C, 5 % CO2.

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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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 µl) 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 µm 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

MCF-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

Fig. 1 Colonies of MCF-7 cells, cultivated in soft agar. Determination

of the size of colonies

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, Oc.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.
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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.
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the State Fund for Fundamental Research of Ukraine ¹

F46/457-2011.

À. È. Õîðóæåíêî

Îïòèìèçàöèÿ óñëîâèé êóëüòèâèðîâàíèÿ îïóõãîëåâûõ

êëåòîê â ìÿãêîì àãàðå äëÿ èõ äàëüíåéøåî

èììóíîãèñòîõèìè÷åñêîãî àíàëèçà

Ãîñóäàðñòâåííàÿ êëþ÷åâàÿ ëàáîðàòîðèÿ ìîëåêóëÿðíîé è

êëåòî÷íîé áèîëîãèè,

Èíñòèòóò ìîëåêóëÿðíîé áèîëîãèè è ãåíåòèêè ÍÀÍ Óêðàèíû

Óë. Àêàäåìèêà Çàáîëîòíîãî, 150, Êèåâ, Óêðàèíà, 03680

Ðåçþìå

Öåëü. Îïòèìèçèðîâàòü óñëîâèÿ êóëüòèâèðîâàíèÿ çëîêà÷åñòâåí-

íûõ êëåòîê â ìÿãêîì àãàðå äëÿ ïîñëåäóþùåãî èììóíîãèñòîõèìè-

÷åñêîãî àíàëèçà îáðàçîâàííûõ òðåõìåðíûõ êîëîíèé êëåòîê.

Ìåòîäû. Êóëüòèâèðîâàíèå êëåòîê ëèíèè MCF-7 êàðöèíîìû ìî-

ëî÷íîé æåëåçû â ìÿãêîì àãàðå, èììóíîãèñòîõèìè÷åñêîå è èììó-

íîôëþîðåñöåíòíîå âûÿâëåíèå ýïèòåëèàëüíûõ àíòèãåíîâ è

êèíàçû mTOR â êóëüòèâèðîâàííûõ êëåòêàõ. Ðåçóëüòàòû. Îïè-

ñàí ìåòîäè÷åñêèé ïîäõîä ê êóëüòèâèðîâàíèþ êëåòîê â ìÿãêîì

àãàðå, ïîçâîëÿþùèé ïðîâîäèòü ìîðôîëîãè÷åñêèé, ìîðôîìåòðè-

÷åñêèé è èììóíîõèìè÷åñêèé àíàëèç èññëåäóåìûõ êëåòîê. Âûâîäû.

Ïðåäëîæåííûé ìåòîä ïðåäîñòàâëÿåò äîïîëíèòåëüíóþ õàðàêòå-

ðèñòèêó êëåòîê, ðàñòóùèõ â ìÿãêîì àãàðå, ÷òî ìîæåò áûòü ïî-

ëåçíûì êàê äëÿ áàçîâûõ èññëåäîâàíèé, òàê ïðè îöåíêå

ýôôåêòèâíî- ñòè ïðîòèâîîïóõîëåâûõ ïðåïàðàòîâ.

Êëþ÷åâûå ñëîâà: ìÿãêèé àãàð, îöåíêà ýôôåêòèâíîñòè êîëîíè-

åîáðàçîâàíèÿ, òðåõìåðíûå êóëüòóðû çëîêà÷åñòâåííûõ êëåòîê.

À. ². Õîðóæåíêî

Îïòèì³çàö³ÿ óìîâ êóëüòèâóâàííÿ ïóõëèííèõ

êë³òèí ó íàï³âð³äêîìó àãàð³ äëÿ ¿õíüîãî ïîäàëüøîãî

³ìóíîã³ñòîõ³ì³÷íîãî àíàë³çó

Ðåçþìå

Ìåòà. Îïòèì³çóâàòè óìîâè êóëüòèâóâàííÿ çëîÿê³ñíèõ êë³òèí ó

íàï³âð³äêîìó àãàð³ äëÿ ïîäàëüøîãî ³ìóíîã³ñòîõ³ì³÷íîãî àíàë³çó

îòðèìàíèõ òðèâèì³ðíèõ êîëîí³é êë³òèí. Ìåòîäè. Êóëüòèâóâàí-

íÿ êë³òèí ë³í³¿ MCF-7 êàðöèíîìè ìîëî÷íî¿ çàëîçè ó íàï³âð³äêîìó

àãàð³, ³ìóíîã³ñòîõ³ì³÷íå òà ³ìóíîôëóîðåñöåíòíå âèÿâëåííÿ åï³òå-

ë³àëüíèõ àíòèãåí³â ³ ê³íàçè mTOR ó êóëüòèâîâàíèõ êë³òèíàõ. Ðå-

çóëüòàòè. Îïèñàíî ìåòîäè÷íèé ï³äõ³ä äî êóëüòèâóâàííÿ êë³òèí

ó íàï³âð³äêîìó àãàð³, ùî äîçâîëÿº ïðîâîäèòè ìîðôîëîã³÷íèé, ìîð-

ôîìåòðè÷íèé òà ³ìóíîõ³ì³÷íèé àíàë³ç äîñë³äæóâàíèõ êë³òèí. Âè-

ñíîâêè. Çàïðîïîíîâàíèé ìåòîä íàäàº äîäàòêîâó õàðàêòåðèñòè-

êó êë³òèí, ÿê³ ðîñòóòü ó íàï³âð³äêîìó àãàð³, ùî ìîæå áóòè êî-

ðèñíèì ÿê äëÿ áàçîâèõ äîñë³äæåíü, òàê ³ ïðè îö³íö³ åôåêòèâíîñò³

ïðîòèïóõëèííèõ ïðåïàðàò³â.

Êëþ÷îâ³ ñëîâà: íàï³âð³äêèé àãàð, îö³íêà åôåêòèâíîñò³ êî-

ëîí³º- óòâîðåííÿ, òðèâèì³ðí³ êóëüòóðè çëîÿê³ñíèõ êë³òèí.
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