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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.
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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
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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, HelLa
and NIH3T3 cells were cultured in DMEM medium
(«Sigmay, USA) supplemented with 10 % FBS, 4 mM
glutamine, 50 U/ml penicillin and 50 pg/ml strepto-
mycin at 37 °C in 5 % CO, humidified atmosphere. All
used cell lines were tested for mycoplasma contami-
nation.

Scratch assay. NIH3T3 cells (3000 cells in 700 pul 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/
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well in the complete growth medium. HeLLa 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 aresult, 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.

MCEF-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 («Leicay», Germany).

Statistical analysis. The data were analyzed with Stu-
dent’s #-test. The results were expressed as the mean.
The differences were considered significantat 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
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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: ¢ — 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; ¢ — 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

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 (%) of
1 um (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=S5,+8,+S,+...+§, where S — polygonal area mea-
sured by the image analysis, S|, S,, S;, S, — the areas of
trapezes which form the polygon. The area of trapeze
can be calculated using the formula: S, =4 -m,, where 4 —

trapeze height (1 um), m, — trapeze middle line. Thus,
the average length of the trapeze midline characterizes
the average distance between the layers of cells. So,

S=h-m+h-m,*h-m+...+h-m=h-(m +m,+
+m,+ ... +m);

(m,+m,+m,+ ...+ m)=Sh,

(m, +my+m,+ ... +m)n=ShL,

where n — number of trapezes, L — length of polygon. As
noted above, the trapeze’s height h=1 um, so the nu-
mber of trapezes n is equal to the polygon length,
whence it follows m_ . =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

um 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. 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, / —the height of trapeze (1 pm), m —the
middle line trapeze (dotted line), L — the length of a polygon

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
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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
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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 pum less than the control cells,
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at 10 nM rapamycin treatment the cells migrated about
120 pm 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 pm 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 um 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 um. 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.

OnrtuMizalis OLIHKH MIrpaliifHOro MOTeHIiany KIITHH

METOJIOM «PaHEeBOT MOBEPXHI»

H. f1. Tomymsx, B. P. Kocau, O. B. Uepennuxk, 1. O. Tuxonkosa,
A. 1. XopyskeHKo

Pestome

Memoo «paresoi nogepxtiy € OOHUM 3 HAUNOUUPEHIUUX MeMOOI8 Kla-
CUYHO20 aHANI3Y Miepayii KIimuH y MOHOWApPOSitl Kyibmypi. Boono-
uac, Memoo «Panesoi NOGePXHI» MA€ OesIKi HeOONIKU, K MOXCYMb O)-
mu nezko eiokopucosani. Mema. Onmumizayis iCHYI0O4020 Memooy
«pamnesoi NoBepxHi» Ha OCHOGI GUIHAYUEHHS NIIOWI NOGEPXHI paHU | WiU-
PUHU NOJISL 30PY, WO € OiNbut 00 EKMUSHUM | MEHWL 4aACO3AMPAMHUM.
Memoou. JlokomomopHy axmugHicmy KIimuH OYiHIO8AIU 3d Memo-
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oom «panesoi nosepxuin. Pesynomamu. Moougixayis memooy «pa-
He6oi nogepxuiy, npedcmasiena 6 Cmammi, 0ae MONCIUBICMb OMPU-
myeamu 0inowt mouni oaui. Ilpakmuyno yeu nioxio nabazamo npo-
cmiwuil ma ycy8ae oCHOSHUN HeOONIK 3a3Haueno2o memoody. Buc-
nogxu. [Ipoyedypa umipiosanhs wupunu panesoi nogepxmi, po3paxo-
BAHOI HA OCHOBI BU3HAYEHHS NAOWI, He 3aUHAMOI KITMuHamu, i wupu-
HU NOJISL 30PY, € 3HAYHO eheKMUBHIULOI0, HIHC KAACUYHUL AHALI3 Mi2pa-
YIlIHO20 NOMEHYIALy KIIMUH 3a Memooom «panegoi nosepxuin. Taka
Mooughikayis 6yde KOPUCHOI 01 OYIHKU OUHAMIKU Miepayii K1imuH y
MOHOULAPOBITL KYIbmypi OISt WUPOKO20 KOJLA eKCHePUMEHMI8, KI ne-
peodauaroms UKOPUCTIANHA JHCUBUX KIIMUH.

Kniouosi crosa: oyinka micpayiinoi akmugnocmi, memoo «pame-
601 N0GEPXHI».

OnTumMu3anus OLEHKH MUTPAMOHHOTO OTEHIIHAIA KIIETOK

METOJIOM «PaHEBON MOBEPXHOCTH»

H. A. Tonynsk, B. P. Kocau, O. B. Uepennuk, 1. A. Tuxonkona,
A. U. XopyxeHko

Pesrome

Memoo «panegoii nogepxnocmuy A61s1emcs OOHUM U3 Hauboee pac-
NPOCMPAHeHHbIX MEeMO0008 KIACCUYECKO20 AHANUZA MUSPayuy Kienox
8 MOHOCIOUHOU Kynbmype. B mo e epema memoo «panesoii nogep-
XHOCMUY UMeem HeKOmopwvle HedOoCmAmKl, KOmopble Mo2ym Obvlmb
neeko omxoppexmuposanvl. Lenv. Onmumusayus cyujecmeyrouezo
Memooa «panesoli NOGepPXHOCUY HA OCHOBe OnpedeneHUs Niouaou
Dpanesoll NOBePXHOCIL U WUPUHYL NONA 3PEHUs, YUMo Aenaemcs boee
00beKMUGHLIM U MeHee 3ampamubim 60 epemer. Memoowl. Jlokomo-
MOPHYIO aKMUBHOCHb KIEMOK OYEHUBANU NO Mmooy «PaHnesoll no-
sepxnocmuy. Pesynsmamol. Moouguxayus memooa «panegou no-
8epXHOCIUY, NPEOCMABIeHHAs 8 CIambe, 0aemn 803MOAICHOCHIb NOTTY-
uamsv Oonee mounvle oannvle. IIpakmuuecku >5mom nooxoo 20pazoo
bonee npocmoii u ycmpatsem 0CHOBHOU HeOOCMAMOK YKA3AHHO20 Me-
mooa. Beteéoowl. [Ipoyedypa uzmeperus wiupunsl paHesot N0ePXHOC-
MU, paccyumaHnHoll Ha OCHOGe onpeoeNeHus Niowaou, He 3aHAmMoll
KIemKamit, i Wupunsl NOIA 3penus, asnaemcs 6onee s¢pghexmugHotl,
yeM KIAccueckull aHanu3s MuzpayioHHo20 NOMeHYUana Kiemox no me-
moody «panesoil nosepxnocmuy. Taxkas moouguxayus 6yoem nones-
HOU OJis OYeHKU OUHAMUKY MUSPAYUU KIEMOK 8 MOHOCTIOUHOU KYIbNY-
pe 015 WuUpoKo20 CHeKMpa IKCNePpUMEHNO8, NPedyCMaAmpusaoujux uc-
NOIB308AHUE HCUBIX KIEMOK.

Kniouesvie cnosa: oyenka MuepayuoHHOU AKMUBHOCMU, Memoo
«pamesoll NOBePXHOCMUY.
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