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Previously we have characterized a new oncogene CHI3L1, overexpressed in the glioblastoma and the malig-
nant 293 CHI3LI cells, stably producing the CHI3L1 angiogenic oncoprotein. The 293 CHI3LI cells prolife-
rated faster and acquired a higher ability for anchorage-independent growth. Here, we report the atomic force
microscopy data and functional characteristics of these cells. The constitutive CHI3L1 expression leads to the in-
creased resistance to the damages by oxidative substances and promotes the chromosome instability in the 293
cells. According to the data of the last clinical investigations, anti-cancer therapy should be targeted not at the in-
dividual genes, but at the pathological effects they caused. We propose a complex treatment of gliomas inclu-
ding multi-target inhibitors, which can be delivered to the brain tumor by a specific nanoparticle vector.
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Previously we have characterized a new oncogene
CHI3LI, overexpressed in the glioblastoma [1], and
the malignant 293 CHI3L]1 cells, stably producing the
CHI3L1 oncoprotein [2]. The 293 CHI3LI cells pro-
liferated faster and acquired a higher ability to ancho-
rage-independent growth than the 293 cells, which
were stably transfected with an «empty» vector with-
out a CHI3L1 cDNA insert. Here we report the atomic
force microscopy data and functional characteristics of
these cells.

Atomic force microscopy showed that the 293 cells,
generated by transformation of human embryonic kid-
ney cells with sheared adenovirus 5 DNA [3] and trans-
fected by an «empty» vector (293 pcDNA3.1 cells),
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had a round body with 3-5 long outgrowths, which
joined several neighbor cells with free space between
them. The space occupied by the net of such cells remin-
ded the organization of neuronal nets that is one more
confirmation of the neuronal origin of the 293 cells [4].
CHI3L1 production induced the morphological changes:
increased space of cell body on the substrate, bigger cell
height and body volume, different distribution on the
substrate, loss of long outgrowths, spindle shape (they are
stretched and sharp-edged with short wide outgrowths
for the contact with neighbor cells) accompanied by re-
organization of actin cytoskeleton, a major mediator of
cell migration and invasion (Fig. 1).

The expression of the CHI3LI gene leads to an in-
creased resistance of the 293 CHI3LI cells to the oxi-
dants (H,0,, sodium hypochloride and peroxynitrite do-
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Fig. 1. AFM images of 293 _pcDNA3.1 and 293_CHI3LI cells

nor SIN-1). The rate constant of H,0O, scavenging in the
293 CHI3LI cells is 2.7-fold higher than that in the im-
mortalized but not yet malignant 293 cells. It was revea-
led that the 293 CHI3LI cells generated reactive oxy-
gen species (ROS) under menadione action more inten-
sively than the original cells. The activities of enzymes
participating in the menadione-induced generation of
ROS are regulated by the JNK-mitogen activated pro-
tein kinase and phosphatidylinositol-3-kinase in the
293 CHI3LI cells. The elevated levels of reduced gluta-
thione, a major cellular antioxidant, may at least partial-
ly explain an increased resistance of the 293 CHI3LI
cells to the oxidative stress. A higher resistance of the
cancer cells to H,O, reduced their vulnerability to the ROS
action. The addition of antioxidant drugs may even in-
crease this effect. These results are in a good correspon-
dence with the recently published conception of Wat-
son [5] about the importance of the ROS and antioxi-
dants in the tumor development.

The combinatorial chemotherapy came of age in the
1970s and its achievements and failures are well docu-
mented by now. Of course, much remains to be learned
why it is active in certain situations and decidedly inac-
tive in others; variable apoptotic threshold is a possible
explanation. The unstable genome is more likely gene-
rates resistant variants, which are then selected to sur-
vive. «The Heng-Duesberg model, or any other model
identifying accelerated macroevolution as the central
fact of cancer, would also account for the rapid emer-
gence of resistant variants, as would «adaptive resilien-
ce» as an ancient trait» [6]. In our experiments the 293
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cells (human embryonic kidney cells known as HEK-
293) were used as control original cells. They are im-
mortal and, like other immortalized cells, they could in-
definitely proliferate and their proliferation ability de-
pended on nutrients and growth factors. However, they
could not grow over one another in cell culture (contact
inhibition), improperly formed colonies in soft agar (an-
chorage-dependent growth), and did not form tumors
when injected into the immune competent rodents. All
these characteristics appeared with additional chromo-
some changes in the 293 CHI3L]I cells (Fig. 2).

A main driver of tumor evolution is the genetic he-
terogeneity, which is fostered by the chromosome in-
stability (CIN). Here we evidence that constitutive ex-
pression of CHI3L1 promotes chromosome instability
in 293 cells. The modal chromosome number in the
293 CHI3LI clone 1 (69-73) and in the 293 CHI3LI
clone 2 cells (72—74) was different from that in the pa-
rental 293 cells (67—72). Interline whole chromosome
heterogeneity was manifested in all three cell lines. A
number of new distinct marker chromosomes were ob-
served in the CHI3L [-expressing clones. The array com-
parative genome hybridization (aCGH) was used to ana-
lyze the sub-chromosomal alterations in these cell lines.
The spectrum of cytoband gains and losses in the 293
CHI3LI clone 1 and clone 2 cells is similar but differs
from the parental 293 cells. The karyotypes of these cells
are unique, completely different from other immortal
and malignant cells in culture as well as from all tumor
cells. According to Duesberg ef al. [6], cancer cell is a
unique unicellular eukaryotic species and, moreover, li-
ke Vincent proposed [7], cancer may be seen as a entire
bunch of different (unicellular) species, because there
are hardly two cancer cells with exactly the same genome.

CHI3L1 similarly to other oncogenes was like a trig-
ger in the transformation of the immortal 293 cells into
the malignant 293 CHI3LI cells. However, the census
of cancer genes includes about 500 human tumor-asso-
ciated genes. Nevertheless, an overwhelming amount
of diverse molecular information offers only limited un-
derstanding of general mechanisms of the cancer deve-
lopment. According to the new evolutionary karyotypic
concept of cancer, tumor evolution is a macro-evolutio-
nary process, where karyotype or stochastic genome-le-
vel alterations play a dominant role. The engine for ka-
ryotype evolution is the chromosome instability, which
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Fig. 2. Representative karyograms of the 293 cells (4) and 293 _CHI3LI (clone 2) cells (B). Abnormal chromosomes are marked with red lines

above corresponding chromosomes

results from persistent defects in mitotic fidelity and im-
plies both total and segmental chromosome instability
(translocations, deletions, and amplifications). CIN allows
quick changes in doses of multiple genes and represents
early and causative event in cancer progression which
significantly correlates with the acquired therapy resis-
tance (Duesberg et al. [6], reviewed in [8]).

The single markers and targets alone do not have a
significant clinical value, high heterogeneity of glial tu-
mors requires the simultaneous analysis of many genes
and the therapy aimed not at the individual genes, but at
the physiological effect they caused. One of such phy-
siological effects is angiogenesis, which plays a key ro-
le in tumor vascularization. In anticancer therapy, consi-
derable attention is paid to the anti-angiogenic drugs.
Previously, it has been shown that CHI3L 1 has a strong
angiogenic effect. We found that knockdown of CHI3L1
inthe 293 CHI3LI cells by specific siRNAs decreased
the production of CHI3L1 to 10 %. Nevertheless, the
success of angiogenic drugs in clinic is a temporary one:
drug resistance, tumor reemergence, and rapid appea-
rance of new vessels develop at the end of therapy. An-
giogenic (oncogenic) redundancy is a significant ob-
stacle to the success of targeting therapy. It is supposed
that simultaneous treatment with the anti-CHI3L1 and
anti-VEGF drugs should give better result. Bradykinin
antagonists and azolidinone derivatives were shown to
be quite promising as new potential anti-cancer com-
pounds for the complex therapy at least in the cell cultu-
res and the in vivo rat model experiments. The search

for new targets was performed by cluster analysis of the
data on gene expression in the glioblastoma and normal
brain samples by self-organising Kohonen’s maps.

For multiple-target drugs delivery to the gliomas we
are planning to use a specific vector, Polycefin [9] com-
prising necessary features: penetration across the blood-
brain barrier and tumor-normal brain barrier, highly-se-
lective accumulation of the therapeutic agent in tumors,
lack of toxicity, non-immunogenicity, biodegradation,
stability in the bloodstream. Additionally the inhibitors
of multiple molecular targets should be easily attached
to one vector molecule.
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CrtpykTypa i GyHKIIis IMMOPTali30BaHUX KIIITHH,

TpaHCc(HOPMOBAHUX OHKOTEHOM

B. M. Kagcan, T. A. Kynarosa, T. A. Ky3nenosa,
I'. M. CemenkoBa, A. A. Cremanenko, €. C. Baceupkuii

Pesrome

Paniwe namu oxapakmepuzosano Hosuti onkozen CHI3L1, sikuii cynep-
excnpecyemucs 6 2nioonacmomi ma 3noaxicnux knimunax 293 CHI3LI,
wo cmabinbHo nPoOYKyroms aneiocennuti onkobinok CHI3L1. Knimu-
nu 293 CHI3LI nponigpepyroms weuowe i nabysaioms 6inouioi 30am-
HOCMI 00 He3anexicHo2o 6i0 ocHosu pocmy. Hasedeno oani amommo-
CUN080I MIKpOCKONIT ma (YHKYIOHANbHI XapaKmepucmurku 3a3Hade-
Hux kuimut. Koncmumymuena excnpecis CHI3LI1 niosuwye cmiii-
Kicmb 00 NOWKOOIICEHb PeHOBUHAMU-OKUCHIOBAYAMU | CNPUSE HeCma-
OinbHocmi xpomocom y knimunax 293. 3a danumu ocmaHuix KIiHIYHUX
B8UNPOOYBAHb, NPOMUPAKOBA MepPanis NOSUHHA OYmu Hayilena He Ha
IHOUBIOYANbHI 2eHU, 4 HA CRPUYUHEH] HUMU namono2iuni epexkmu. Mu
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NPONOHYEMO KOMNJIEKCHE JIKYS8AHHS 2/IIOM 13 3AYYeHHIM 6a2amomi-
WeHHUX [H2IOIMOopis, sKi MOJCHA 0OCMENAMU 00 NYXJIUH 20108HO20
MO3KY CheyuhiuHUM 6eKIMOPOM HA OCHOBL HAHOUACTOK.

Knrouosi cnosa: ouxocen CHI3LI, amomHo-cunosea mikpockonisi,
axmueni popmu kuctio (APK), knimunu 293 (HEK-293), kombinamop-
Ha ximiomepanis, xpomocomua Hecmadinoricme (CIN).

Crpyktypa U QyHKIUS HMMOPTAIN30BAHHBIX KJIETOK,
TpaHCHOPMHUPOBAHHBIX OHKOT€HOM

B. M. Kagcan, T. A. Kynarosa, T. A. Ky3=enosa,
I'. H. CemenkoBa, A. A. Crenanenko, E. C. Bacenkuii

Pesrome

Panee namu oxapaxmepuzosarn Hoswiti onkocen CHI3LI, cynepskc-
npeccupyroumuics 6 2auodiacmome u 310KA4eCmEEeHHbIX KIemKax
293 CHI3LI1, cmabunsHo npooyyupyrowux aHeuo2eHHblll OHKOOENI0K
CHI3LI1. Knemxu 293_CHI3L1 nponugpepupyiom dvicmpee u npuobpe-
marom 6016UYI0 CNOCOOHOCIb K He3ABUCUMOMY O NOONIOICKU POCTIY.
Ilpusedennvl Oanmnbvie amomMHO-CUIOB0U MUKPOCKONUU U PYHKYUOHATb-
Hble Xapakmepucmuky yKa3auuvlx kiemok. Koncmumymusnasa skc-
npeccus CHI3L1 nosvluaem ycmouuugocms K NOGPEdICOCHUAM Gelye-
CMBAMU-OKUCTUMENAMU U CROCOOCMBYem HeCmadUulbHOCMU XPOMO-
com 6 knemkax 293. I1o 0annbiMm ROCICOHUX KAUHUYECKUX UCTbLIMAHULL,
npoOMuUBOPAKo8as mepanusi O0IHCHA ObIMb HaYyeleHda He Ha UHOUBUOY-
anbHble 2eHbl, d HA BbI3bIGAEMbIE UMU Namonocuyeckue d¢hgexmot. Mol
npeonazaem KOMIIEKCHOE JeHeHue 2IUOM C NPUGTeHeHUeM MYTbmumMu-
WEHHBIX UHSUOUMOPOB, KOMOPbLE MOJICHO OOCMAGIAMb K ONYXOJAM 20-
JI0BHO20 MO32a CheYuUPUUecKuM 8eKMopoM Ha OCHOBE HAHOUACTUY.

Knioueswvie crosa: onxocen CHI3LI, amomuo-cunosas Mukpocko-
nusi, akmusHole Gopmol kuciopooa (ADK), kiemxu 293 (HEK-293),
KOMOUHAMOPHAS XUMUOMEPANUSL, XPOMOCOMHAS HeCMAOUNbHOCb
(CIN).
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