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Background: Elevated f,;;-tubulin levels are associated with resistance to a broad spectrum of drugs in different carcinomas and with
poor prognosis of various epithelial cancers. 5-Fluorouracil (5-FU) is a widely used standard drug in chemotherapeutic regimens
for colorectal cancer treatment, although the resistance to 5-FU is a major obstacle to successful therapy. Aim: The aim of the
study was to compare the invasive and adhesion properties and the expression levels of (3;;-tubulin in a 5-fluorouracil (5-FU)-
resistant colorectal cancer (CRC) cell line HCT116 and parental cells. Materials and Methods: The 5-FU-resistant cell line was
established by continuous stepwise selection with increasing concentrations of 5-FU. Cell viability and properties were evaluated
using MTT, adhesion and Transwell invasion assays, respectively. The expression of 3;;;-tubulin was revealed by immunoblot and
immunofluorescence. Results: The derivative line is 25-fold more resistant to 5-FU and characterized by altered cell morphology.
Twice as many cells of the 5-FU-resistant line fail to adhere as compared to the parental cell line. 5-FU-resistant cells are char-
acterized by enhanced invasiveness, accompanied with the increased f;;;-tubulin expression. In addition, we found that loss of 3~
tubulin expression was correlated with loss of 5-FU resistance. Conclusion: Our results indicate that even though 5-FU does not
target microtubules, there appears to be a correlation between f3;;;-tubulin expression and resistance to 5-FU that is particularly
important with regard to invasiveness. These findings indicate a possible contribution of 3;;-tubulin to 5-FU resistance irn vivo.
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Colorectal cancer (CRC) is the fourth most
common cancer-related cause of death in the
world [1]. Failure of therapy is due to metastasis
and chemoresistance of cancer cells, for instance,
5-year survival for a CRC patient with unresectable
metastasis to distant organs treated with palliative
chemotherapy is 2.2% [2]. 5-fluorouracil (5-FU)
is a widely used standard drug in chemotherapeutic
regimens for CRC treatment, although the resistance
to 5-FU is a major obstacle to successful therapy [3].
Therefore, understanding the complex events un-
derlying the development of resistance is essential.
It was shown that 5-FU-resistant CRC cells were
characterized by reduced apoptosis and a more
aggressive growth phenotype, consistent with the
observed up-regulation of apoptosis inhibitory genes,
positive growth-regulatory genes, and metastasis
genes and down-regulation of apoptosis-promoting
genes [4-6]. For different epithelial cancer cell lines
the connection between chemoresistance formation
and more invasive phenotype was shown in vitro [7—
10], with very limited data concerning the mechanism
of such interrelation.

Tubulins form microtubules, which modulate fun-
damental cellular processes, such as cell division,
movement, maintenance of cellular morphology,
intracellular transport and active transport of cel-
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lular components throughout the cytoplasm, cell
stress responses and others. Changes in microtu-
bule stability and the expression of different tubulin
isotypes as well as altered post-translational modi-
fications have been reported for a range of cancers
and have been correlated with poor prognosis and
chemotherapy resistance [11]. 3,,-tubulin is the most
comprehensively examined isotype across a variety
of cancers [12-15].

The elevated levels of B,,-tubulin are associated
with poor prognosis of different epithelial cancers [11,
12, 15]. In addition to promoting resistance to tubulin-
targeted agents, B,,-tubulin influences sensitivity
to non-tubulin-targeted agents [12, 15]. The clinical
observations of patients with solid tumors are sup-
ported by numerous in vitro studies where altered
By-tubulin expression confers resistance to a broad
spectrum of drug classes [11, 16—18]. However, the
underlying mechanisms of the involvement of By-
tubulinininducing resistance to anti-tumor drugs have
yet to be explained and are likely to be very complex.

The aim of this study was to characterize the
changes in invasive and adhesion properties and
expression of By-tubulin of the 5-FU-resistant CRC
cell line HCT116 in comparison with the parental cell
line. In this study, we establish a 5-FU resistant cell
line HCT116-5-FU using stepwise increasing drug
concentrations and short exposures. We confirmed
its association with decreased adhesiveness and
increased invasive phenotype, accompanied with the
increased f-tubulin expression.
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MATERIALS AND METHODS

Cell culture. HCT116 human CRC line (ATCC
CCL247) was grown in RPMI-1640 medium (Lonza,
Switzerland) supplemented with 25 mM HEPES,
2 mM L-glutamine, 100 U/mL penicillin and 100 ug/
mL streptomycin and 5-10% fetal bovine serum
(FBS) (HyClone™, Fisher Scientific Co. LLC, USA)
(complete media) in a humidified atmosphere with
5% CO, at 37 °C.

To obtain the resistant cell line, the exponentially
growing HCT 116 cells for 48 h were treated with 5-FU
(Merck KGaA, Germany) in complete culture medium
followed by recovery drug-free periods until the cells
achieved exponential growth, using 5-FU concentra-
tions ranged from 0.04-0.80 mM. Drug treatment con-
tinued until cell line demonstrated stable resistance
to 5-FU (about 10 months) as assessed by MTT assay.
The parental HCT 116 cells were also serially passaged
as an untreated control along with the resistant deriva-
tives. For experiments with the loss of resistance, cells
were incubated in growth medium without 5-FU during
2 months and controlled for 5-FU resistance by MTT
assay and for the B,-tubulin content by Western blot-
ting.

MTT assay. HCT116 cells or 5-FU-resistant de-
rivate (5 x 103/well) were plated in 96-well culture
plates and incubated overnight. Cells were treated with
indicated concentrations of 5-FU for 48 h. The number
of viable cells was determined by MTT assay using MTT
reagent (Carl Roth, Germany) as described [19]. The
percent viability was calculated from three wells as

absorbance of drug-treated cells

* 100%
control absorbance

The drug concentration that resulted in a 50% cell
growth inhibition (ICs,) was determined graphically using
cell survival curves in which the percentages of survived
cells were plotted as a function of 5-FU concentration.

Adhesion assay. Twenty-four well plates were
coated with bovine collagen type | (Gibco, Thermo
Fisher Scientific Inc, USA) at a concentration of 50 pug/
ml at room temperature for 2 h. Cells (2 - 105 per well)
in complete media were allowed to attach for 30 min
at 37 "Cin a humidified atmosphere with 5% CO,. Non-
attached cells from each well were counted manually
under a microscope and the cell adhesionrate (%) was
calculated according to the formula:

number of non-adherent cells

a- ) + 100%

total cell number

The experiments were repeated five times in trip-
licates.

Invasive assay. Cell invasion was performed
by the modified Boyden chamber method in 24-well
plates with culture inserts with 8 um pore size (Costar
Corning, USA), coated with bovine collagen type |
(Gibco, Thermo Fisher Scientific Inc, USA) or matri-
gel (Becton Dickinson and Company, USA) accord-
ing to the manufacturer’s recommendations. Cells
(5 + 10* cells/ml) were resuspended in RPMI-1640.

The upper chamber was loaded with 100 ul of cell
suspension and the lower chamber was loaded with
600 ul of RPMI-1640 with 10% FBS. After incubation
for 24 h at 37 °C in 5% CO,, cells that penetrated
to the lower chamber were fixed and stained with 4%
paraformaldehyde and 0.2% crystal violet. Cells were
counted under a microscope; five microscopic fields
were randomly selected for cell counting. Each assay
was performed in triplicate.

Western blotting. Proteins were extracted from
the cells by lysis in RIPA buffer in the presence of pro-
tease inhibitors. The lysates were centrifuged (15 min
at 14,800 g at4 "C) and proteins were denatured by boil-
ing for 5 mininloading buffer, separated by electropho-
resis using 12.5% SDS-PAGE and blotted onto nitro-
cellulose membrane (Whatman Protran nitrocellulose
membranes, Sigma-Aldrich Co. LLC, Germany). The
membrane was blocked with blocking buffer (2% bovine
serum albumin (BSA) in phosphate buffer saline (PBS)-
Tween 1%) for 2 h and incubated overnight at 4 “C with
the anti-human B,-tubulin antibody 5G8 (Thermo Fisher
Scientific Inc, USA) at 1:1000 or anti-human B-actin
antibody at 1:1000 (Abcam, UK) as loading control.
Anti-mouse immunoglobulin G, poly-horseradish
peroxidase-conjugated antibody (EnVision, DAKO,
Agilent Technologies, Inc., USA) was used as a second-
ary antibody and an immunoblott was developed with
enhanced chemoluminescent (ECL) substrate (clarity
Western ECL substrate, BioRad, Ireland, UK) and visual-
ized using a Kodak Image Station 2000R and the ImageJ
1.47v (NIH, USA) software.

Immunofluorescence microscopy. Cells were
grown on glass cover slips for about 70% confluent
monolayer in complete RPMI-1640 medium. They
were fixed for 10 min with ice-cold methanol and
permeabilized with ice-cold acetone for 2 min at
—20 °C. Cover slips were blocked for 30 min in PBS
containing 2% BSA, and incubated with the anti-human
By-tubulin mouse antibody 5G8 at 1:1000 overnight
at4°Cinahumid chamber. After incubation with Alexa
Fluor 546-conjugated secondary antibody (Life Tech-
nologies, USA) for 2 h, cells were stained with DAPI for
nuclear staining, mounted with ProLong Gold Antifade-
Mountant (Life Technologies, USA) and then visualized
by a fluorescence microscope Leica DM5000B.

Statistical analysis. Data are provided as means
SEM, or means * SD, n represents the number of inde-
pendent experiments. Levels of statistical significance
were evaluated by using non-parametric Mann-Whit-
ney test or Wilcoxon matched pairs test. Differences
were considered statistically significant when p-values
were less than 0.05.

RESULTS

We generated 5-FU-resistant cell lines from paren-
tal HCT116 cells by serial passage of HCT 116 cells with
repeated exposure to increasing 5-FU concentrations.
These cells were designated as HCT116-5-FU. AMTT
assay was performed to compare the viability of the
5-FU-resistant HCT116 and parental HCT116 cells.
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The ICs, values for the parental and derivative cells
were determined as 0.012 and 0.3 mM, respectively
(Fig. 1, a). These data indicate that the derivative line
was 25-fold more resistant to 5-FU than was the pa-
rental HCT116 cell line.

The 5-FU-resistant cells were morphologically
distinct from their parental cell line HCT116 (Fig. 1, b).
Light microscopic analysis of the cell phenotype con-
firmed that the parental HCT116 cells were uniform
in shape and grew with tight cell-cell junctions
in monolayer culture. However, HCT116-5-FU cells ap-
peared to have spindle-cell morphology with increased
formation of pseudopodia and enlarged intercellular
separation signifying loss of intercellular adhesion
(Fig. 1, b).

To determine if the acquisition of 5-FU resistance
induces changes in the adhesive ability and invasive
potential of the cells, we compared HCT116 and
HCT116-5-FU cells in adhesive and ECM (extracellular
matrices) gel-coated Transwell invasive assays.

We found that HCT116-5-FU cells have a decreased
capacity for attachment to collagen-treated plastic
(n=5, p=0.043) (Fig. 2, a) and displayed enhanced
invasiveness to a collagen- or matrigel-treated
8.0 um pore size membrane in comparison with paren-
tal cells (n = 3; p = 0.001 and p = 0.03, respectively)
(Fig. 2, b).

@ 100 - ®
-t [{CTI116 §
80 4 = HCT116-5-FU
ES
2 60 A
g
= 40 1
o
20 A
0 T T T ]
0.001 0010 0.100 1000 10.000
5-FU, mM

HCT116

Previously we showed a preferential localization
of By-tubulin in the invading epithelium in CRC speci-
mens [20]. According to the current understanding,
By-tubulin may represent a biomarker of the cancer
aggressiveness, the response to therapy and poor
outcome in a broad spectrum of epithelium cancers,
regardless of chemotherapy composition [21-28].
We studied the expression of By-tubulin in parental
and 5-FU resistant cell lines. The Western blot analy-
sis demonstrated that HCT116-5-FU cells expressed
increased By-tubulin protein relative to the parental
HCT116 cells (Fig. 3, a). The immunofluorescence
assay also revealed that resistant cells had in-
creased contents of 3,,-tubulin expression compared
to HCT116 (Fig. 3, b).

Itisimportant to note that the level of B,,-tubulin ex-
pression by HCT116-5-FU cells decreased during the
long period of culturing in the absence of 5-FU. At the
same time, resistance to 5-FU was lost as confirmed
by the MTT-test (Fig. 4).

DISCUSSION

5-FU is widely used for treatment of digestive
system cancers and itis afirst-line chemotherapeutic
agent for CRC treatment, preferentially used in combi-
nation with other chemotherapeutic drugs such asiri-
notecan [29]. The detailed mechanism of the clinical
response to 5-FU chemotherapy is still unclear as can-

HCT116-5-F

Fig. 1. HCT116-5-FU cells are resistant to 5-FU-induced cytotoxicity and have morphological changes in comparison with parental
cell line HCT116: a — cells were treated with increasing concentrations of 5-FU (up to 1.5 mM) for 48 h, and cell viability was as-
sessed by MTT and reported as percentage viability. Results are expressed as mean + SD of triplicate. Similar results were obtained
in three independent experiments; b — Acquisition of 5-FU resistance induces changes in cell morphology in HCT116-5-FU cells.
Cells were examined using phase contrast microscopy (original magnification, x 200). The left panel shows the parental HCT 116 cells
and right panel — the HCT116-5-FU cells
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Fig. 2. HCT116-5-FU cells have altered adhesive and invasive capacity: a — quantitative analysis of cell adhesion to collagen-treated
plastic. The percentage of non-attached cell after 30 min of incubation is presented as mean and SEM (error bars) forn=5; b —
quantitative analysis of cells invading through collagen or matrigel-coated Transwell chambers. Data are presented as mean and
SEM (error bars) for n = 3. *p < 0.05; **p < 0.001
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Fig. 3. HCT116-5-FU cells have increased expression of b,-tubulin: a — Immunoblotting of B,,-tubulin protein expression by HCT116-
5-FU and HCT116. Expression was normalized to B-actin. Results are presented as mean and SEM for n = 3, p < 0.05, compared
with parental HCT116 cells (left) and as representative immunoblot of HCT116-5-FU and HCT116 cells (right); b — Immunofluo-
rescence staining for the expression and cellular localization of B,-tubulin (red). DAPI was used as a nuclear stain (blue). Original
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Fig. 4. Immunoblotting of by-tubulin protein expression
by HCT116-5-FU depending on 5-FU resistance, presented as ra-
tio ICs, to 5-FU of resistant cells (HCT116-5-FU) to parental cell
HCT116. HCT116-5-FU cells were cultured without drug for O day
(resistance indicated as 25x), for 1 month (indicated as 20x) and
for 2 months (indicated as 12x). HCT 116 cells were also serially
passaged as an untreated control along with the resistant deriva-
tives. Expression was normalized to B-actin. Results are shown
as mean + SD of triplicate. Similar results were obtained using
two independent cell culturing

cer cells gain resistance to 5-FU over time, which
is a serious problem for 5-FU-based chemotherapy.
Although several key biochemical pathways involved
in 5-FU resistance have been investigated [30, 31], its
definitive mechanism in CRC is still unclear. A better
understanding of how residual tumor cells survive after
chemotherapy and what molecular alterations cause
or correlate with resistance could ultimately provide
new, more effective therapeutic strategies for pa-
tients diagnosed with CRC. In this study, we obtained
a5-FU-resistant CRC cellline HCT116 and investigated

the changes in the cellular behaviors and associated
expression of By-tubulin marker in comparison with
parental cells.

We foundthatcellsacquiring resistance to 5-FU have
undergone certain morphological changes — forma-
tion of spindle-shaped cells, pseudopodia and loss
of cell-cell adhesion, together with enhanced invasive
and decreased adhesive ability. Such changes at the
cellular level in vitro suggests a cascade of events
at the tumor level in vivo including loss of adhesion
and tight junctions, dissociation of epithelial layer into
separate cells and local invasion, which is the first and
key step in the metastatic process [32].

In agreement with our findings, changes in cell
morphology and cell invasiveness were also reported
for acquired resistance to 5-FU in other cancer cells,
namely, breast [8] and squamous cell carcinoma [9].
Moreover, resistance to drugs of different mechanisms
of actionin a broad spectrum of cancer cell lines leads
to the formation of similar changes in cells [8-10,
33] indicating that chemotherapy induces the same
survival mechanisms in different epithelial cancer,
contributing to the formation of tumor cells of high-
grade malignancy.

In the present report, we showed that these
changes in cellular behavior of 5-FU-resistant CRC
cells were accompanied by elevated expression
of By-tubulin. Microtubule alterations are thought
to influence cellular responses to chemotherapeutic
and micro-environmental stressors, thereby contrib-
uting to a broad-spectrum chemotherapy resistance.
In clinical studies, the correlation between poor re-
sponse to treatment and high B,,-tubulin expression,
for example, in uterine serous carcinoma [21] and



Experimental Oncology 43, 111-117, 2021 (June)

115

ovarian cancer in response to taxane/platinum [22,
23], gastric [24] and breast cancer in response to tax-
ane [25, 26], non-small cell lung cancer in response
to tubulin-binding agents [27, 28] was shown.

As far as we are aware, there is no data supporting
a predictive value for f,-tubulinin CRC. However, here
we have shown that the significantly increased expres-
sion of B,-tubulin in 5-FU-resistant CRC HCT 116 cells
is associated with increased invasiveness, suggesting
that such a correlation may be relevant to CRC pa-
tients. To our knowledge, thisis the first study reporting
the overexpression of 3,-tubulin in CRC cells with ac-
quired resistance to 5-FU characterized by enhanced
invasiveness.

Considering all evidence to date regarding the prop-
erties of B-tubulin and its role in cancer cells, itis pos-
sible to speculate about how f3,,-tubulin may work
in colon cancer. It should be noted that each of these
features has been strongly conserved in the evolution
of vertebrate B,-tubulin for at least half a billion years,
suggesting that they are functionally highly significant.

Firstly, B, -tubulin has Ser239 instead
of Cys239 present in the other tubulin B-, 8-, Bva- and
Bwp-isotypes. The sulfhydryl of Cys239 is extremely
sensitive to oxidation, which inhibits microtubule as-
sembly [34, 35]. The replacement of this sulfhydryl
group in By-tubulin allows it to function in cells with
high levels of free radicals and reactive oxygen spe-
cies such as aggressive metastatic cancers [36-40],
since it was shown that reactive oxygen species inhibit
microtubule assembly [41-43].

Secondly, the replacement of Ser124 in the B,-, By-,
B — and Byp-tubulinisotypes with Cys124 in ,,-tubulin
and its very close position with respect to Cys127 and
Cys129, present in all vertebrate 3-tubulin isotypes
and, in fact, in almost all of the eukaryotic B-tubulins
allow forming a sulfhydryl cluster that could perhaps
help to scavenge free radicals. This role has been
proposed and discussed but never directly demon-
strated [12, 44]. By-tubulin could play such a role
in CRC as well as in other cancers. It should be noted
that such a role does not necessitate that 3,,-tubulin
be part of a microtubule.

Thirdly, By-tubulin has an unusual C-terminal
region — residues 431-450, where B,-tubulin has
a serine that can be phosphorylated [45] and ends
with a basic residue. Recent discoveries have shown
that B,-tubulin plays a role in signaling in pro-survival
pathways [13, 25, 30, 46-50] and this is consistent
with its unusual and highly conserved structure. The
presence of a highly negatively charged C-terminal
domain could easily protect the 3,,-tubulin molecule
from both microtubule and free-floating form and
interact with signaling molecules.

In discussing the functional significance of the C-
termini of the tubulin as a possible participant of sig-
naling pathway, the most obvious prediction is that
the unique C-terminus of By,-tubulin could be part
of a unique signaling pathway. The potentially impor-
tant signaling role of B,-tubulin is confirmed by the

fact that By-tubulin undergoes both transcriptional
and post-transcriptional regulation [30, 51]. In the re-
cent paper by Parker et al. [52], the role of By-tubulin
as part of a signaling pathway was demonstrated,
with an emphasis on its role in regulating glucose
metabolism in non-small cell lung cancer. It is prob-
able that 3,,-tubulinis in a signaling pathway with MDR,
as Lietal. [16] have suggested. ltis certainly possible
that B,,-tubulin has a signaling role in CRC, although
what that role could be is not clear.

And finally, the fourth distinctive feature of f-
tubulin is that it forms much more dynamic microtu-
bules than is the case for microtubules formed from
either B,-tubulin or By-tubulin [53]. The ability to form
very dynamic microtubules would be important
in cells that are changing their shape, dividing rapidly
and migrating, all of which would apply to metastatic
cells. These observations can explain the overexpres-
sion of By-tubulin in CRC. Moreover, the elevation
of By-tubulin in embryonic tissues [54, 55] or in stem
cells even in those that are not neuronal [56, 57] can
be explained by the necessity of rapid growth and
morphological changes.

All four of these issues contribute to the complexity
of cancer therapy and to the contradictory effects of f3,,-
tubulin on resistance to anti-tumor drugs. Taking into
account all of the above, we should mention that there
is no data that 5-FU interacts directly with microtubules.
Nevertheless, each model described above could con-
ceivably explain the correlation that we have observed.
We hope that further experiments will be able to clarify
the hypotheses presented here and lead to improved
chemotherapeutic regiments in CRC.

We showed for the first time the up-regulation of B~
tubulin, the cytoskeleton microtubular component,
in 5-FU resistant cancer cell line that demonstrated
increased invasive potential and altered cell morphol-
ogy. Our data being in agreement with broad clinical
studies on predictive value of B,-tubulin revealed
its association with chemotherapy resistance both
to tubulin-targeted and non-tubulin-targeted agents.
Our findings of By,-tubulin accumulation in cancer cells
during resistance formation suggest that B-tubulin
may serve not only as a marker of poor response
to chemotherapy, but also as a potential target for the
prevention of the chemoresistance formation.
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PE3UCTEHTHI A0 5-dTOPYPALUITY
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Cran nutanHs: NinsuileHi pisHi B,-TyOyniHy NoB’si3aHi 3i CTiit-
KICTIO 4O LUMPOKOro CNekTPy NikiB Ta aCoLLOI0TLCA 3 NOraHUM
NPOrHO30M MPU PiI3HUX TUNax enitenianbHoOro paky. 5-propy-
pauun (5-®PY) — craHmapTHUIA NpenaparT, Wo LUMPOKO BUKO-
PUCTOBYETLCSA B XiMiOTEPANEBTUYHUX CXEMAX JliKyBaHHS XBOPUX
Ha KOJIopeKTaslbHWUIN pak, O4HaK CTinkicTb A0 5-PY € oCHOBHO
nepeLuKoaoto Ans ycniwHoi tepanii. Meta: MeToto [OCNiAXeH-
Hs1 ©YJ10 MOPIBHAHHS iIHBA3MBHUX | aAre3anBHUX BNACTUBOCTEN i
PiBHIB ekcrpecii [3,,-TyByniHy B KNiTUHHIM Ninii HCT116, cTinkii
0o 5-dY, Ta BuxigHnx knitnHax HCT116. Marepianun i meTo-
Aan: Jidia knitnd HCT116, cTitkux go 5-®dY, 6yna oTpumaHa
Lwsaxom 6e3nepepBHOro NOKPOKOBOro BiAOOpPY 3i 3pocTaioym-
MU KOHLeHTpaujiamu 5-PY. XKuttesgaTHicTb KNiTUH OLjiHIOBa-
nn 3a gonomMmorot MTT-TecCTy, BU3Ha4yanu aare3veBHi Bnactu-
BOCTi Ta OLiHIOBaNM iHBagito B NyHKkax i3 BctaBkamu Transwell.
Ekcripecito By,-TybyniHy BUSBAAAN METOAAMMU iIMyHOBNOTUHTY
Ta iMmyHodnoopecueHLii. Peaynbraru: lNoxigHa niHia 6yna
y 25 pagziB 6inbL cTilika fo 5-PY i xapakTepudyBanacs 3miHe-
Ho Mopdonorieto KNiTWH. YaBidi 6inblue knituH 5-PY-cTinkoi
NiHii He nposenanu aaresii NOPIBHAHO 3 BUXIOHOIO KNITUHHOKO
niHiet. 5-DY-cTiliki KNiTMHU XxapakTepuayBanncs NOCUIEHO
iHBa3MBHICTIO, LLIO CYNpPOBOAXKYBanacs niaBuLLEeHo eKcnpeci-
€to Py -Ty6yniHy. KpiM TOro, M1 BUSIBUAIM, LLIO BTPATa €KCMpecii
By-TyOyniHy KopesntoBasa 3 BTPaTo PE3NCTEHTHOCTI A0 5-DY.
BucHoBoOk: Hawi pe3dynbtaty cBig4aTh, WO HaBiTb HE3Baxa-
louM Ha Te, Wo Aia 5-PY He cnpsiMoBaHa Ha MIKPOTPYOOUKM,
iMOBIPHO, iICHYE KOpensLia MiX ekcrpecieto [3,-TyoyniHy i pe-
3UCTEHTHICTIO A0 5-DY, i o ue 0cobanBo BaxJIMBO MO BifHO-
LLEHHIO A0 iHBa3MBHOCTI. Lli AaHi BkasyloTb Ha MOXJIMBUIA BHE-
COK [3,-TyByniHy B CTilkicTb 4o 5-DY in vivo.

KnoyoBi cnoBa: konopektanbHUii pak, 5-dTopypauunn, pe-
3UCTEHTHICTb A0 XimionpenaparTis, [3,-TyOyiH, iHBa3MBHICTb.



