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0. BabyrTa, acn., H. Kyty3oBa, ctya., O. JlIuH4ak, kaHa. 6ion. Hayk
KHY im. Tapaca LLeB4eHka, Kuis

BB NOXIQHOIO MANEIMIAY | 5-dTOPYPALUITY HA MOPd)OHOFI‘-I_!-II/IVI CTAH TOHKOI KULLKU LLYPIB
3 XIMIYHO-IHOAOYKOBAHUM PAKOM TOBCTOI KULLKU
Hocnidxerno npoghinb ekcnpecii 2eHie 6ema-degpeHcuHie nroduHu 1-4 e knimunax Namalwa (nimgpoma Bepkimma) ma Jurkat (T-knimuHHa nedi-

Kemisi). BcmaHoeneHo, wio e knimuHax Namalwa ma Jurkat ekcnpecoeaHo 2eHu hBD-1, hBD-2 ma hBD-3, ane 2eH hBD-4 He ekcnpecoeaHo. IHKy6a-
yist knimun Namalwa ma Jurkat 3 pekom6iHaHm+Hum hBD-2 e koHyenmpauyii 0.1-1000 HM mana HacniOKoMm 3Ha4dyu,e KOHUEeHmMpauyiliHo-3anexHe npu-

2HiYeHHs1 )xumme30amHocmi eKa3aHuXx KiimuH.

Knro4voei criosa: 6ema-0egheHcuHu MFOGUHU, eKCNpecisi, NiHis KnimuH nimgbomu, niHist Knimun nedkemii.

E. BabyTa, acn., H. Kyty3oBa, cTtya., O. JIuH4ak, kaHA. 6uon. Hayk
KHY um. Tapaca LLleB4eHko, Kues

BNUAHME NPOU3BOAHOIO MANEMMUOA U 5-GTOPYPALIUNA
HA MOP®OINOIMM4YECKOE COCTOSAHUE TOHKOU KULLKWN KPbIC
C XMUMMNYECKU-MHOYLUMPOBAHHbBIM PAKOM TOJICTOU KULLKKU

lMpoaHanusupoeaH npodgpunb 3Kcrnpeccuu 2eHoe 6ema-OegeHcuHoe yenoeeka 1-4 e knemkax Namalwa (num¢oma Bepkumma) u Jurkat
(T-knemoyHasi nelikemusi). YcmaHoesneHo, ymo 8 knemkax Namalwa u Jurkat akcnpeccupoeaHsbi 2eHbl hBD-1, hBD-2 u hBD-3, Ho He akcnpeccupo-
e8aH 2eH hBD-4. UHky6ayusi knemok Namalwa u Jurkat ¢ pekom6uHaHmHbiM hBD-2 e koHueHmpayuu 0.1-1000 HM npueoduna K 3HaYyumeslbHoMy
KOHUEeHMpayUuoHHO-3a8UCUMOMY Y2HemeHU KU3HeCcNnocob6HOCMU yKa3aHHbIX K/1eMmoYHbIX TUHUU.

Knioyeenie crosa: 6ema-degheHCUHbI Yerioeeka, IKCMpPeccusi, IUHUSI KIIemoK TUMGOMbI, TUHUST KIIeMOK JlelikeMuu.
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IN VITRO TESTING FOR PREDICTION OF TOXITY AND FOR SCREENING
OF POTENTIAL CARCINOGENS AND ANTI-CANCER DRUGS

Cell-based technologies can be used for screening of potential carcinogens and evaluation of stem cell quality for clinical
applications. 3D spheroids can serve as intermediate in vitro/ in vivo model for evaluation of anti-carcinogenic effects of

therapeutic substances.
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Introduction. Cell-based technologies have broad
experimental applications including pre-clinical studies in
drug discovery and in regenerative medicine. Multi-potent
stem cells have many clinical applications due to their
capacity to be expanded in vitro, differentiate into several
lineages, and participate in tissue regeneration. Clinical
application of stem cells requires quality control to avoid
potential carcinogenic effects of non-differentiated cells.
Cell transformation (foci formation) and cell differentiation
assays can provide information about stem cell quality and
also can be used to evaluate drug effects.

Standard two-dimensional cell cultures for testing
effects of anticancer agents are simple and convenient.
However, they have significant limitations in reproducing
the complexity and pathophysiology of in vivo tumor tissue

[31; 33; 34; 37; 38; 39; 46]. Three-dimensional culture
systems are of increasing interest in cancer research since
tissue architecture and the extracellular matrix (ECM)
significantly influence tumor cell responses to micro—
environmental signals [43].

Vinci et al. [45] discovered differential sensitivity to
targeted agents between two-dimensional and three-
dimensional cultures, and also demonstrated enhanced
potency of some agents against cell migration and invasion
compared to cell proliferation. 2D and 3D in vitro functional
assays can enhance the biological relevance of early
preclinical cancer studies. These assays will increase the
translational predictive value of in vitro drug evaluation
studies and reduce the need for in vivo studies by more
effective triaging of compounds.

Methods. Cells: Mouse mesenchymal stem cell line
was obtained from the Tulane University Center for Gene

Therapy under Material Transfer Agreement. These cells
were originally derived from femurs and tibiae of C57BL
mice. Cells were grown in IMDM (Invitrogen/GIBCO, CA)
that was supplemented with 10% Premium Select FBS
(Atlanta Biologicals, GA), 10% HS (Hyclone, UT), 100
U/mL penicillin, 100 pug/mL streptomycin (Invitrogen, CA).
Colony formation and differentiation assays were
performed periodically with iron oxide loaded and unloaded
cells according to the instructions provided by the cell
supplier. Briefly, cells were grown to 70-90% confluency in 6-
well tissue culture plates, then incubated for 3 weeks in
osteogenic or adipogenic differentiation medium, with medium
change twice a week, and then stained for 10 min with 2 ml of
40 mM Alizarin red (pH 4.1; Sigma) for mineral deposits [36]
or Oil Red-O (Sigma) for fat globules [18, 32], respectively. 3D
transformed foci were comprised of cells that lost contact
inhibition. We determined transformation frequency as ratio of
foci number and the number of plated cells.

For tumor spheroid assay, we used MCF7 breast
cancer cell line, kindly provided by Dr. 1.Gut. We used
modified standard method for multi-cellular spheroid
generation [11]. Confluent cells were trypsinized, and
single-cell suspension was seeded on low-adhesive
substrate with density 1.0x105 cells/ml in growth medium
with 0.24% carboxymethyl-cellulose (CMC). We generated
spheroids in 6-wells test-plates (Nunclon, Belgium) and
Petry dishes. Dishes with cells were placed on shaker with
low rotation (150 rpm) for one hour. The number of live
cells was determined in wells using MTT-colorymetric test.
Cell count was performed after 48 hours incubation using a
Trypan Blue dye [25]. Distribution of cells between different
phases of the cell cycle and apoptotic index were assessed
by flow cytometry [26]. Glucose absorption and LDG-
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activity were tested by typical methods. Pro- and anti-
carcinogenic effects evaluation was performed using cell
proliferative index, spheroid size, and cell distribution
between spheroid and adhesive fractions. Two types of
culture media were used: complete (with 10 % FBS), and
incomplete (without serum). As pro-carcinogenic factor, we
used mitogen EGF. Herceptin (monoclonal antibody to
HER2/neu receptor) was used as an anti-carcinogen.

Transfection:

MSC were transfected by electroporation with a
recombinant plasmid pEF10-GFP-IRES-CD4. To construct
plasmid, the EGFP coding sequence was cloned into the
pEF-111 Myc/His vector along with an internal ribosome
entry site (IRES) sequence coupled to the coding
sequence of a truncated human CD4 ([1CD4) receptor
giving: pEF-10-GFP-IRES-[1CD4. Transfected cells were
labeled with superparamagnetic MACS CD4-MicroBeads
and isolated on MACSelect magnetic column. Stable pEF-
10-GFP-IRES-[1CD4 expressing MSC clones were
prepared in selection media with G418.01CD4 receptor
expression was evaluated immunocytochemically and by
FACS using [1CD4-PE antibodies [29].

Results and Discussion. In this study, we used:
a) foci formation assay to compare frequency of
transformation in control (non-transfected or transfected
with buffer without DNA) and transfected mesenchymal
stem cells and b) three-dimensional tumor spheroid assay
for dynamic quantitative evaluation of pro- and anti-
carcinogenic drug effects.

We evaluated frequency of transformation in culture of
bone marrow derived murine mesenchymal stem cell line
C57BL. Plasmid transfection resulted in stable and efficient
GFP fluorescence; however, expression levels of CD4
were neither efficient nor stable possibly due to limited
functionality of the IRES construct [29]. We also discovered
that transfected MSC in long-term culture spontaneously
formed foci of transformation with higher frequency than
control cells (Figure 1C). Figure 1D,E demonstrates
origination of transformed focus from GFP-expressing
transfected cells. Subpopulations of genetically modified
stem cells (transfected with the reporter gene) also
changed their differentiation ability (Figure 2).

Figure 1. Spontaneous transformation in transfected murine MSC: A - transformed focus and B-normal growth;
C — cell monolayer with three transformed foci; D, E — transformed focus on monolayer of MSC transfected with reporter gene:
D - white light; E — green fluorescence of GFP

Passage 5; control

Passage 14; transfected cells

Figure 2. Differentiation assay of mouse MSC in adipogenic (A,C) or osteogenic (B,D) medium:
A, C - Oil Red-O staining for fat globules; B, D — Alizarin Red staining for mineral deposits

Thus, we demonstrated that genetically engineered
stem cells in long-term culture are unstable: they may
change their behavior and transform at higher frequency.
Our findings indicate importance of bio-safety studies for
long-term cell imaging and for efficient stem cell clinical
applications [27; 28]

Foci formation assay is also applicable to drug
screening for evaluation of drug carcinogenic potential and
to discover drugs that prevent initiation of transformation.
By identifying the potential for in vivo toxicity early, this
assay helps to minimize the likelihood of late stage drug
failure and allows drug development resources to be

allocated toward advancing those candidates with the best
chances for success.

To study pro- and anti-carcinogenic effects, we used
3D MCF7 cell culture. Many studies have highlighted
significant differences between two-dimensional and three-
dimensional cultures [9, 48]. 3D spheroids better reflect the
in vivo tumor microenvironment in terms of cellular
heterogeneity, nutrient and oxygen gradients, cell- cell
interactions, matrix deposition and gene expression profiles
[4;7;8;9;12; 48].

To model solid tumors more effectively, several three-
dimensional (3D) culture systems have been established:
whole perfused organs, tissue explants,
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scaffold/microcarrier-based cultures, hollow-fiber
bioreactors, organotypic cultures (multicellular spheroids
and cellular multilayers) and gel/matrix-based cultures [2;
14; 19; 24; 30]. Of these, the multicellular tumor spheroid
model is the best characterized and most widely used.

Tumor  spheroids are heterogeneous cellular
aggregates that, when greater than 500 ym diameter, are
frequently characterized by hypoxic regions and necrotic
centers [15; 41]. Three-dimensional spheroids are
therefore considered valid models to recapitulate features
of tumor microregions, neovascular domains or
micrometastases [9; 20].

Sutherland et al. first applied this technique in cancer
research [41]. Since then, several methods have been
used to generate tumor spheroids: spontaneous
aggregation [5], spinner flasks [47], rotary cell culture
systems [24; 44], poly-2-hydroxyethyl methacrylate (poly-

A

Hema)-coated plates [17; 51], hanging drops [6], liquid
overlay on agar [10; 22; 49], low binding plates [42; 50],
gel/matrix-based culture [21], polymeric scaffolds [8], or
micropatterned plates [13; 23]. Each method has
advantages and limitations [19; 24], and simple,
standardized and rapid protocols appropriate for routine
preclinical drug development studies within academic or
pharmaceutical labs are lacking. Vinci et al. screened and
classified a diverse collection of human tumor cell lines for
their ability to form spheroids [45]. Spheroid formation
depends on the cell type, cell density at seeding, rotation
speed, type of culture medium, FTS concentration, and
incubation time.

In this study, we used MCF7 cell line representing
highly malignant human breast tumors and characterized
by an optimal three-dimensional structure (Figure 3).

Figure 3. 2D (A) and 3D (B) growth of MCF7 cells in vitro

Breast cancer is very invasive and highly metastatic
tumor. The breast carcinomas development involves a set
of complex phenotypic alterations in breast epithelial cells
and in surrounding tissues [3]. MCF7 is a well known and
widely used breast cancer cell line, which can be
propagated as monolayer and as spheroid system.
Architecture of three-dimensionally propagated MCF-7
cells is very similar to avascular tumor areas. The gradient
of diffusion in cell aggregates leads to reduced proliferation
rates and increased drug resistance.

Gene expression profiles of cells in spheroids are more
similar to natural tumors, than profiles of the same cells in
monolayer culture. Spheroid morphology is often resem-
bles real tumor morphology.

We used 3D model of tumor growth to study pro- and
anti- carcinogenic effects of serum deprivation. Figure 4
illustrates those effects. We evaluated spheroids' number,
size, and shape, ratio of adhesive and suspension frac-
tions, proliferation rate, number of apoptotic and necrotic
cells, and cell cycle progression. Some of those parame-
ters are summarized in Table 1. This system also allows
for evaluation of drug effects on biochemical parameters
reporting metabolic status of cells during spheroid growth
under different conditions. Comparison of those parame-
ters in 2D (monolayer) and 3D (spheroids) culture of MCF7
cells under serum starvation conditions demonstrates dif-
ferential reactivity of those systems. 2D and 3D MCF7 cell
cultures reacted differently to serum deprivation (Table 1).

Table 1. Serum starvation effects on cells in spheroid (3D) and monolayer (2D) culture.

Apoptotic cells % Necrotic cells %

Cells in Gy/G; (%)

LDG-activity Glucose absorption

2D [ 3D 2D [ 3D 2D

2D [ 3D 2D [ 3D

Complete culture media (with 10 % FBS)

19.0+1.3 | 14.241.7 [ 11.4£1.7 | 17.0¢2.5 [ 56.3+1.5 | 41.0+1.0 | 0.18+0.01 | 0.12+0.01 [ 0.19+0.01 | 0.07+0.01

Serum free medium (without FBS)

39.2+7.3 [ 22.4+3.9 | 33.5+2.8 [ 20.4+2.2 | 54.1+1.4 [ 67.5+1.7 | 0.27+0.02 [ 0.32+0.03 | 0.29+0.01 | 0.23+0.01

LDG-activity showed in uKat/1000 cells; glucose absorption in uM/1000 cells.

Cells in 2D system are more sensitive to serum starva-
tion than in 3D cultures. Cell viability is significantly higher
in 3D system. Levels of necrotic and apoptotic cells in 2D
culture are twice higher in comparison to 3D culture. Se-
rum-free medium has no detectible effects on morphology
of 3D cultured cells. The LDG-activity is increased in both
culture systems under serum-free conditions. In serum-free
medium, Glucose absorption level increases more signifi-
cantly in 3D cultures. All parameters demonstrate in-
creased cell survivability in spheroid system.

EGF has anti-apoptotic effect on cells in both systems
in contrary to Herceptin that has pro-apoptotic effect (Fig-
ure 4). EGF increases proliferative pool in MCF7 cells.
Herceptin has the opposite effect on MCF7 cell prolifera-
tion. Spheroid number and size in standard field of view
was also different in the medium containing both agents
(EGF and Herceptin) in comparison to those parameters in
control (Table 2).
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Figure 4. Effect of EGF and Herceptin on cell cycle and apoptotic index: 1 — control; 2 — EGF; 3 — Herceptin

Table 2. Effgect of EGF and Herceptin on the spheroid parameters

Area of spheroids Spheroid number Cell distribution between adhesive
MCF7 3D growth (MKMZF))(’l 0°) in the sptandard field of view and spheroid fraction (%)
control 3,3+1,7 5,1£1,3 15:85
EGF 5,7+0,8* 9,9+2 9 2476
Herceptin 2,7¥1,4 4,111 33:67

Control

Pro-carcinogenic effect (EGF)

Anti-carcinogenic effect (Herceptin)

Figure 5. Pro- and anti-carcinogenic effects of EGF and Herceptin

Conclusions. In vitro testing on primary cells and cell
lines can allow investigators to preview in vivo responses,
thus facilitating design of better dosing strategies and
optimization of animal and Phase | clinical studies. Cell
transformation assay and spheroid model provide useful
tools for evaluation of potential carcinogenic risk and early
toxicity and for screening of anti-carcinogenic drugs.
Expansion of preclinical testing to incorporate assays that
better predict desired effects or potential toxicities earlier in
the drug development process has obvious advantages for
the selection of successful lead candidates.
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NMPOrHOCTUYHE TECTYBAHHA TOKCUKONOIYHOI O, NPO- TA AHTUKAHLUEPOIEHHOI'O BINJIUBY
B CUCTEMI IN VITRO
HocnidxeHo ennue noxidHozo maneimidy (1-(4-Cl-6eH3un)-3-Cl-4-(CF;-¢peninamino)-1H-nipon-2,5-diony; MI-1) i 5-¢pmopypayuny (5FU) npoms-
20M 6 muxHie Ha csiu3o8y 060/IOHKY MOHKOI KUWKU wypie Ha mni 1,2-Qumemunzidpa3uH-iHdyKoeaHo20 paKy moecmoi kuwku. BcmaHoeneHo, wo
MI-1 i 5FU 3MeHwyromb nowKoOKeHHs1 C/Iu3080i 060/I0HKU MOHKOT KUWKU, 8UKITUKaHUX 6M/1U8OM KaHuyepozeHy. [lozumueHuli egpekm MI-1 € 6inbw

supaeHum, Hix 5FU.

Knroyoei cnoea: noxioHe maneimidy, 5-¢pmopypayun, 1,2-dumemurnziopa3uH, pak moecmoi KUWKU, MOHKa KUWKa.

J1. OcTpoBckas, kaHA. 6uon. Hayk

YHuBepcuteT umenu [hxoHa XonkuHca, LLikona MeauuuHsl, r. Bantumop, CLLA,

J1. FapmaHuyK, A-p 6uon. Hayk
KHY nmenu Tapaca LLleB4yeHko, KueB

NMPOrHOCTUYECKOE TECTUPOBAHUE TOKCUYECKOIO NMPO-U AHTUKAHLEPOIEHHOI'O BIIUAHUA
B CUCTEME IN VITRO

UccnedosaHo enusiHue npou3eodHozo maneumuda (1-(4-Cl-6eH3un)-3-Cl-4-(CFs-gpeHunamuno)-1H-nuppon-2,5-duor, MI-1) u 5-¢pmopypayuna
(5FU) e meyeHuu 6 Hedenb Ha cnu3ucmyro 060J104Ky MOHKOU KUWKU KpbIC ¢ 1,2-0umemusi2udpa3uH-uHdyyupoeaHHbIM PaKOM MoJICMol KUWKU.
YcmaHoeneHo, ymo MI-1 u 5-¢pmopypayun ymeHbwarom noepexoeHusi criuzucmoli 060/104Ku MoHKol KUWKU, ebi3eaHHble eo3delicmeueM KaHye-
pozeHa. lMonoxumensHbil aghgpekm om MI-1 ssensiemcs 6osiee ebipaxxeHHbIM, YeM 5FU.

Knroyeenle cnoea: npou3godHoe maneumuda, 5-¢pmopypayun, 1,2-0umemunaudpasuH, pak moscmodll KUWKU, MOHKasi KUWKa.



