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A scratch test is one of the most popular methods of classical cell migration assay in a monolayer culture. At the

same time, the scratch assay has some disadvantages that can be easily corrected. Aim. Optimization the existent

scratch assay on the base of detection of scratch wound surface area and the length of the field of observation

which is more objective and less time consuming. Methods. Scratch assay. Results. The modification of scratch

assay enables to perform measurement more accurately and rapidly. This approach is more simple and

eliminates the main disadvantages of the classical method. Conclusions. The procedure of scratch wound width

measurement calculated on the base of detection of cell free area and the length of the field of observation is

more effective than the classical wound healing assay. It will be useful for the estimation of cell migration

dynamics in monolayer culture for a wide range of live cell based experiments.

Keywords: valuation of cell migration activity, scratch assay.

Introduction. Migration is one of the most important

cell functions that consists in any direction movement

and results in change of the cell position within the body

[1]. It plays a key role in the embryonic development,

wound healing, immune response and a number of other

fundamental biological processes. On the other hand,

the aberrant cell migration activity is an inherent featu-

re of many pathological processes. It accompanies ma-

lignant tumors, inflammatory, autoimmune, cardiovas-

cular and neurodegenerative diseases [2]. Therefore,

the determination of cell migration activity is one of the

major tasks in many biological and medical studies. Its

accuracy requires further development and improve-

ment [3]. For a long time, Boyden chamber and scratch

wound based assay were the dominant instruments in

the measurements of the cell migration and invasion ac-

tivity [4]. However, rapid development of the cell biolo-

gy tools has led to an appearance of new approaches

such as the cell exclusion zone assay, fence assay, mic-

rocarrier bead assay, spheroid migration assay, capilla-

ry chamber migration assays etc. [5]. Nowadays the

main efforts in this field are directed towards the deve-

lopment of the assay kits that can facilitate handling, im-

prove reproducibility, give quantitative results and in-

crease throughput [6]. Traditional methods for monito-

ring cell motility with their inherent high level of noise

are looking very limited to obtain reliable data. However,

according to the literature data, the classical methods are

still prevailing over the modern approaches [7].

The scratch assay firmly established itself as popu-

lar and cheap method that is used to study cell migra-

tion in monolayer culture. The method is based on the

physical separation of cell monolayer to form a cell free

zone that will be filled by migration of peripherally si-

tuated cells. For this purpose, a pipette tip or syringe ne-

edle is typically used [8]. Cells migrate from intact peri-

pheral edges into the scratched cell free zone and this

process can be easily microscopically monitored. The

results can be presented as a decrease in the width of un-

covered region between different time checkpoints [9].

The effect of factors influencing cell migration is nor-

mally measured within a 24-h period.

However, the main drawback of the assay consists

in the inability to distinguish between the effect of cell
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proliferation and changes in cell survival, and the cell

motility after period longer than 24 h [9, 10]. Besides,

there are some another limitation of this system. Me-

thods for creating of the scratches vary among different

laboratories [11, 12], thus the size, shape, and spacing

of the scratches are different that, in turn, will increase

the level of noise [12, 13]. Moreover, it is difficult to re-

produce equivalent conditions of monolayer confluence

between different experiments. Also the process of scrat-

ching can lead to the damage of underlying ECM (ex-

tracellular matrix components) and release factors that

will change the cell migration activity and cause some

experimental errors [11–13].

However, the scratch assay has some advantages:

the movement and morphology of cells are visible to be

observed in the real time; it is possible to measure velo-

city of cell migration; the assay is compatible with any

plate configuration; cell movement is definitely direc-

ted; the growth surface for cell migration can be coated

with an ECM [11]. The main advantages of this assay

include also simplicity, rapid setup, easy readout and

analysis, and, of course, its low cost.

In this report, in order to improve the classical scratch

assay, we propose to perform the calculation the cell free

area between outgrowing monolayers, using available

Internet tool Icy 1.3.2.0 (http://icy.bioimageanalysis.

org) [14]. In our modification the scratch wound width

is calculated on the basis of detected cell free area and

the width of the field of observation. Such approach has

been applied for the analysis of MCF-7 cell motility,

and migration activity of HeLa cells under the influen-

ce of paracrine factors produced by the NIH3T3 fibro-

blasts line.

Materials and methods. Cell culture. MCF-7, HeLa

and NIH3T3 cells were cultured in DMEM medium

(«Sigma», USA) supplemented with 10 % FBS, 4 mM

glutamine, 50 U/ml penicillin and 50 �g/ml strepto-

mycin at 37 °C in 5 % CO2 humidified atmosphere. All

used cell lines were tested for mycoplasma contami-

nation.

Scratch assay. NIH3T3 cells (3000 cells in 700 �l of

DMEM/FBS) were seeded at the periphery of each well

in 6-well culture plates. Cells were incubated during

1,5 h at 37 °C. Non adhered cells were removed by re-

peated washing with culture medium. After that HeLa

cells were added to the wells in quantity of 2000 cells/

well in the complete growth medium. HeLa and NIH

3T3 cells were co-cultured for 48–72 h before scraping

the subconfluent cell monolayer by tip in order to crea-

te an experimental wound. After removing the dama-

ged cells, the cultures were washed with DMEM comp-

lete medium. Then 2 ml of DMEM complete medium

with or without 10 nM rapamycin were added to corres-

ponding wells. As a result, HeLa cells, HeLa cells trea-

ted with 10 nM rapamycin, HeLa/NIH3T3 coculture,

HeLa/NIH3T3 coculture treated with 10 nM rapamy-

cin were incubated at 37 °C for 24 h. The images of 10

randomized fields of observation of each scratch were

captured with a microscope just after scraping and after

24 h of cultivation. The size of widths and areas were de-

termined from these images using Icy 1.3.2.0 software.

MCF-7 cells were tested in a similar manner. The

migration dynamics of MCF-7 cells untreated and trea-

ted with 10 nM rapamycin was analyzed. The width si-

zes of the wound were compared after 24 h of cultiva-

tion. The cells were fixed with methanol for 5 min at ro-

om temperature and stained by May-Grunvald-Giemsa

method.

The cultured cells were examined using Leica DM

1000 microscope («Leica», Germany).

Statistical analysis. The data were analyzed with Stu-

dent’s t-test. The results were expressed as the mean.

The differences were considered significant at p < 0,01.

Each experiment was repeated 2–4 times.

Results and discussion. Standard method of cell mo-

tility analysis in monolayer culture. As it was abovemen-

tioned the wound healing test or scratch assay is often

used for the evaluation of locomotor properties of the

cells in monolayer culture. Our experience shows that

the width of the initial scratch zone created by the pipet-

te tip may vary considerably in the different culture

dish, including controls. As a result, the expression of

cells migration distance as a percentage relative to the

controls cannot be absolutely adequate. So, the measu-

rement of the absolute value of the cells migration dis-

tance is more correct. This index should be expressed

as the difference between the width of wound surface

just after application of scratch and after a correspon-

ding period of cells migration.

Usually in scratch assay the average of the linear

distance between the wound healing edges is analyzed.

But morphological analysis of micrographs revealed

GOTSULYAK N. Ya. ET AL.



that the moving edges of cell front may have ragged sha-

pe. It leads to the incorrect determination of the width

of cell free zone, and significantly increases the num-

ber of necessary linear measurements. Therefore, the

determination of the area between the interlocking ed-

ges of experimental wound takes into account the topo-

graphy of moving layers more precisely.

There are some image analysis tools that allow per-

forming such estimation quickly and accurately (T

scratch, Icy etc.) (Fig. 1).

New approach for evaluation of cell locomotor pro-

perties in scratch assay. The average distance between

the migrating layers can be calculated by the method of

trapezes. In this case the resulting polygon area is ex-

pressed as the sum of trapeze areas with height (h) of

1 µm (Fig. 2), so that the number of trapezes is numeri-

cally equal to the length of a polygon (L). The sides of

the trapeze are too short compared to the perimeter of

the cell, so we can consider them as line segments. So,

S = S1 + S2 + S3 + …+ Sn, where S – polygonal area mea-

sured by the image analysis, S1, S2, S3, Sn – the areas of

trapezes which form the polygon. The area of trapeze

can be calculated using the formula: S1 = h �m1, where h –

trapeze height (1 µm), m1 – trapeze middle line. Thus,

the average length of the trapeze midline characterizes

the average distance between the layers of cells. So,

S = h �m1 + h �m2 + h �m3 + … + h �mn = h �(m1 + m2 +

+ m3 + … + mn);

(m1 + m2 + m3 + … + mn) = S/h;

(m1 + m2 + m3 + … + mn)/n = S/hL,

where n – number of trapezes, L – length of polygon. As

noted above, the trapeze’s height h = 1 µm, so the nu-

mber of trapezes n is equal to the polygon length,

whence it follows mmean = S/L. Thus, the detection of the

area and length of a polygon by the image analysis tool

allows accurate determination of the average value of the

distance between the edges of an experimental wounds.

In this case, the pairs of opposite points at intervals of 1

µm will be taken into account, which significantly im-

prove the precision of calculations.

Application of the both methods for the evaluation of

migration dynamics of HeLa and MCF-7 cells. To com-

pare the proposed approach with the routine measure-

ment of the distance between the layers of cells, we per-

formed an analysis of the MCF-7 and HeLa cells moti-
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Fig. 1. Detection of the migration potential of HeLa cells using a scratch assay by routine measuring of wound surface width and the area between

the edges of an experimental wound: a – measurement of the width of control wound; HeLa cells just after the scratching; b – measurement of the

width of control wound; HeLa cells 1 day after the scratching; c – measurement of the width of experimental wound; HeLa cells cocultured with

NIH3T3 fibroblasts 1 day after scratching; d – measurement of the area of control experimental wound; HeLa cells just after the scratching; e –

measurement of the area of control wound; HeLa cells 1 day after the scratching; f – measurement of the area of experimental wound; HeLa cells

cocultured with NIH3T3 fibroblasts 1 day after scratching



lity under the influence of paracrine factors and mTOR

inhibitor rapamycin.

mTOR is a central connecting link in the signaling

network that regulates the basic cellular function such as

translation and transcription, and therefore, has an im-

portant impact on the regulation of major cellular func-

tion including cell migration [15]. But the exact mole-

cular mechanisms by which mTOR regulates the cell

migration remain to be determined [16]. Previously, it

has been shown that modulation of mTOR activity by its

specific inhibitor rapamycin resulted in a change of lo-

comotor properties of mammalian cells [17]. In part, it

could be explained by the regulation of some mTOR sub-

strates such as ribosomal protein S6 kinases (S6K1/2)

that is aberrantly expressed in different tumor types [18–

21] and is linked with some cytoskeleton elements [22].

Therefore, the dynamics of MCF-7 and HeLa cell migra-

tion under the influence of rapamycin has been

analyzed.

To analyze the paracrine factors influence on the lo-

comotor properties of HeLa cells, we developed our own

original model. The purpose of this part of work was to

determine the paracrine influence of fibroblasts (co-cul-

ture of HeLa cells with NIH3T3 cells) on the motility of

tumor cells in the presence of anticancer drug rapamycin.

The NIH3T3 cells were seeded strictly at the perimeter

of wells of 6-well plates. After 2 h of incubation most of

the cells adhered to the growth surface, and the unatta-

ched cells were removed by a culture medium. HeLa

cells were seeded into each well. It means that only HeLa

cells in the center of the well (where the scratch is done)

migrated on the wound surface. Thus, these cells had no

direct contact with fibroblasts that ensured only the para-

crine relationship. This approach allowed us to estimate

the locomotor properties of HeLa cells under the condi-

tions of co-culturing with fibroblasts and under the in-

fluence of anticancer drugs on both cell types. An analy-

sis of the migration potential of HeLa cells showed a de-

pressing effect of rapamycin on the locomotor properties

of tumor cells, which was in agreement with a number of

other studies. HeLa cells treated with 1 nM rapamycin

migrated during 24 h 100 �m less than the control cells,
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Fig. 2. Schematic representation of the experimental wound surface:

dark gray area – the area of one of trapezes that forms the polygon, light

gray area – the area of polygon, h – the height of trapeze (1�m), m – the

middle line trapeze (dotted line), L – the length of a polygon
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at 10 nM rapamycin treatment the cells migrated about

120 �m less than the control cells. It should be emphasi-

zed that in some works the conditioned medium of NIH

3T3 fibroblasts stimulated migration of tumor cells [23].

Noteworthy that under the mutual influence of NIH3T3

and HeLa cells in monolayer culture, the migration po-

tential of HeLa cells was slightly (but statistically sig-

nificant) decreased, the cells covered the distance about

60 �m less than the control cells in 24 h. The addition of

1 nM rapamycin to the HeLa/NIH3T3 co-culture depres-

sed the movement of HeLa cells, to 100 �m less than the

control cells. As described in «Materials and methods»

we used the width of wound surface for assessing the

distance migrated by cells, which is reflected in the his-

togram (Fig. 3). Besides, the application of image analy-

sis tool Icy [http://icy.bioimageanalysis.org] to evalua-

te the cell free area in scratch test just after the expe-

rimental wound creation and after 24 h incubation also

allowed us to detect an average distance between the lea-

ding edges of opposing layers. As it can be seen from Fig.

3, there was no significant difference between two ap-

proaches to the cell migration characterization. Notab-

ly, the standard deviations of the data obtained by two

mentioned methods were very similar as well (Fig. 3).

In addition, these approaches were used to study the

influence of rapamycin on the locomotor properties of

MCF-7 cells. It was observed that mTOR kinase inhi-

bitor rapamycin decreased the migration potential of tu-

mor cells (Fig. 4). The addition of rapamycin in con-

centration of 1 nM and 10 nM slowed up the MCF-7 cell

locomotion to 70–90 �m. The average distances bet-

ween the edges of experimental wound detected by the

routine measurement and the cell free area detection we-

re very similar. As in the previous case, the standard de-

viation values of data obtained by two different appro-

aches were very similar as well.

In the present study, two approaches for the evalua-

tion of scratch assay data on the determination of cell

migration dynamics in monolayer culture have been

compared. The first one is based on the direct measure-

ment of the distance between the edges of experimental

wound. The second one implies the initial determina-

tion of the cell free area for calculation of an average

width of the experimental wound. It was revealed that

both approaches are able to determine the same charac-

teristics of the cell motility. Thus, we have proved the

adequacy of the second approach, which is theoretical-

ly more accurate and practically is easier to assess the

locomotor properties of the cultured cells in wound hea-

ling test.

Îïòèì³çàö³ÿ îö³íêè ì³ãðàö³éíîãî ïîòåíö³àëó êë³òèí

ìåòîäîì «ðàíåâî¿ ïîâåðõí³»

Í. ß. Ãîöóëÿê, Â. Ð. Êîñà÷, Î. Â. ×åðåäíèê, ². Î. Òèõîíêîâà,

À. ². Õîðóæåíêî

Ðåçþìå

Ìåòîä «ðàíåâî¿ ïîâåðõí³» º îäíèì ç íàéïîøèðåí³øèõ ìåòîä³â êëà-

ñè÷íîãî àíàë³çó ì³ãðàö³¿ êë³òèí ó ìîíîøàðîâ³é êóëüòóð³. Âîäíî-

÷àñ, ìåòîä «ðàíåâî¿ ïîâåðõí³» ìàº äåÿê³ íåäîë³êè, ÿê³ ìîæóòü áó-

òè ëåãêî â³äêîðèãîâàí³. Ìåòà. Îïòèì³çàö³ÿ ³ñíóþ÷îãî ìåòîäó

«ðàíåâî¿ ïîâåðõí³» íà îñíîâ³ âèçíà÷åííÿ ïëîù³ ïîâåðõí³ ðàíè ³ øè-

ðèíè ïîëÿ çîðó, ùî º á³ëüø îá’ºêòèâíèì ³ ìåíø ÷àñîçàòðàòíèì.

Ìåòîäè. Ëîêîìîòîðíó àêòèâí³ñòü êë³òèí îö³íþâàëè çà ìåòî-
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äîì «ðàíåâî¿ ïîâåðõí³». Ðåçóëüòàòè. Ìîäèô³êàö³ÿ ìåòîäó «ðà-

íåâî¿ ïîâåðõí³», ïðåäñòàâëåíà â ñòàòò³, äàº ìîæëèâ³ñòü îòðè-

ìóâàòè á³ëüø òî÷í³ äàí³. Ïðàêòè÷íî öåé ï³äõ³ä íàáàãàòî ïðî-

ñò³øèé òà óñóâàº îñíîâíèé íåäîë³ê çàçíà÷åíîãî ìåòîäó. Âèñ-

íîâêè. Ïðîöåäóðà âèì³ðþâàííÿ øèðèíè ðàíåâî¿ ïîâåðõí³, ðîçðàõî-

âàíî¿ íà îñíîâ³ âèçíà÷åííÿ ïëîù³, íå çàéíÿòî¿ êë³òèíàìè, ³ øèðè-

íè ïîëÿ çîðó, º çíà÷íî åôåêòèâí³øîþ, í³æ êëàñè÷íèé àíàë³ç ì³ãðà-

ö³éíîãî ïîòåíö³àëó êë³òèí çà ìåòîäîì «ðàíåâî¿ ïîâåðõí³». Òàêà

ìîäèô³êàö³ÿ áóäå êîðèñíîþ äëÿ îö³íêè äèíàì³êè ì³ãðàö³¿ êë³òèí ó

ìîíîøàðîâ³é êóëüòóð³ äëÿ øèðîêîãî êîëà åêñïåðèìåíò³â, ÿê³ ïå-

ðåäáà÷àþòü âèêîðèñòàííÿ æèâèõ êë³òèí.

Êëþ÷îâ³ ñëîâà: îö³íêà ì³ãðàö³éíî¿ àêòèâíîñò³, ìåòîä «ðàíå-

âî¿ ïîâåðõí³».

Îïòèìèçàöèÿ îöåíêè ìèãðàöèîííîãî ïîòåíöèàëà êëåòîê

ìåòîäîì «ðàíåâîé ïîâåðõíîñòè»

Í. ß. Ãîöóëÿê, Â. Ð. Êîñà÷, Î. Â. ×åðåäíèê, È. À. Òèõîíêîâà,

À. È. Õîðóæåíêî

Ðåçþìå

Ìåòîä «ðàíåâîé ïîâåðõíîñòè» ÿâëÿåòñÿ îäíèì èç íàèáîëåå ðàñ-

ïðîñòðàíåííûõ ìåòîäîâ êëàññè÷åñêîãî àíàëèçà ìèãðàöèè êëåòîê

â ìîíîñëîéíîé êóëüòóðå. Â òî æå âðåìÿ ìåòîä «ðàíåâîé ïîâåð-

õíîñòè» èìååò íåêîòîðûå íåäîñòàòêè, êîòîðûå ìîãóò áûòü

ëåãêî îòêîððåêòèðîâàíû. Öåëü. Îïòèìèçàöèÿ ñóùåñòâóþùåãî

ìåòîäà «ðàíåâîé ïîâåðõíîñòè» íà îñíîâå îïðåäåëåíèÿ ïëîùàäè

ðàíåâîé ïîâåðõíîñòè è øèðèíû ïîëÿ çðåíèÿ, ÷òî ÿâëÿåòñÿ áîëåå

îáúåêòèâíûì è ìåíåå çàòðàòíûì âî âðåìåíè. Ìåòîäû. Ëîêîìî-

òîðíóþ àêòèâíîñòü êëåòîê îöåíèâàëè ïî ìåòîäó «ðàíåâîé ïî-

âåðõíîñòè». Ðåçóëüòàòû. Ìîäèôèêàöèÿ ìåòîäà «ðàíåâîé ïî-

âåðõíîñòè», ïðåäñòàâëåííàÿ â ñòàòüå, äàåò âîçìîæíîñòü ïîëó-

÷àòü áîëåå òî÷íûå äàííûå. Ïðàêòè÷åñêè ýòîò ïîäõîä ãîðàçäî

áîëåå ïðîñòîé è óñòðàíÿåò îñíîâíîé íåäîñòàòîê óêàçàííîãî ìå-

òîäà. Âûâîäû. Ïðîöåäóðà èçìåðåíèÿ øèðèíû ðàíåâîé ïîâåðõíîñ-

òè, ðàññ÷èòàííîé íà îñíîâå îïðåäåëåíèÿ ïëîùàäè, íå çàíÿòîé

êëåòêàìè, è øèðèíû ïîëÿ çðåíèÿ, ÿâëÿåòñÿ áîëåå ýôôåêòèâíîé,

÷åì êëàññè÷åñêèé àíàëèç ìèãðàöèîííîãî ïîòåíöèàëà êëåòîê ïî ìå-

òîäó «ðàíåâîé ïîâåðõíîñòè». Òàêàÿ ìîäèôèêàöèÿ áóäåò ïîëåç-

íîé äëÿ îöåíêè äèíàìèêè ìèãðàöèè êëåòîê â ìîíîñëîéíîé êóëüòó-

ðå äëÿ øèðîêîãî ñïåêòðà ýêñïåðèìåíòîâ, ïðåäóñìàòðèâàþùèõ èñ-

ïîëüçîâàíèå æèâûõ êëåòîê.

Êëþ÷åâûå ñëîâà: îöåíêà ìèãðàöèîííîé àêòèâíîñòè, ìåòîä

«ðàíåâîé ïîâåðõíîñòè».
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