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Summary. In present research we have studied the effect of docetaxel in ultralow concentrations (0.1-10 nM) and
recombinant human beta-defensin-2 (hBD-2) in nanomolar concentration range on proliferation and viability of
anaplastic thyroid carcinoma cells of KTC-2 line, and expression of some cell cycle regulatory factors. It has been
shown that docetaxel, hBD-2 and combination of these agents significantly inhibited proliferation of KTC-2 cells

via down-regulation of the cyclin E expression.
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Taxanes are compounds that can interact with
microtubules and are considered as promising car-
cinostatics. They are already being used for treat-
ment of some malignant tumors [1-3], including an-
aplastic thyroid carcinoma (ATC) [4-8]. However,
their use is limited due to high toxicity and insuffi-
cient efficacy. Therefore, studies aimed on determi-
nation of taxanes minimal effective concentrations
capable of initiating cancer cell proliferation block-
age as well as senescence and death with insignifi-
cant damage to normal tissues and the search for
effective combinations of taxanes with other anti-
cancer compounds are of high concern.
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Human beta-defensins (hBDs) belong to a
family of cationic antimicrobial peptides and
represent an important component of innate im-
munity. Apart from direct antimicrobial activity,
defensins provide a link between innate and ac-
quired immunity and modulate immune response
toward invading bacteria, are involved in inflam-
matory responses and wound healing, and could
play a role in oncogenesis [9, 10]. In particular,
hBD-1 is supposed to possess anticancer activ-
ity: its expression is downregulated in renal and
prostate tumors [11], while induction of hBD-1
expression results in cancer cell death [12]. An-
other beta-defensin, hBD-2, may cause opposite
effects on cancer cell growth dependent on its
concentration. Recently it has been shown that
hBD-2 may regulate proliferation and viability
of human lung adenocarcinoma cells of A549 line
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and human epidermoid carcinoma of A431 line in
a concentration-dependent manner. It also stim-
ulates cancer cell growth in low nanomolar range
(1-10 nM) and causes its significant suppression
at higher concentrations (100-1000 nM) via cell
cycle arrest at G1/S checkpoint [13]. The effects
of hBD-2 on growth patterns of human thyroid
cancer cells remain unstudied.

Therefore, the aims of this work were to study
the effect of ultralow concentrations of docetaxel
on anaplastic thyroid cancer KTC-2 cells proli-
feration, examine the ability of hBD-2 to regulate
KTC-2 cell growth, and analyze the role of human
beta-defensin-2 as a cell cycle regulator in combi-
nation with ultralow docetaxel concentrations.

Materials and Methods

Cell line

Anaplastic thyroid cancer KTC-2 cell line intro-
duced into culture by Dr. J. Kurebayashi (Kawa-
saki Medical School, Okayama, Japan) was kindly
provided by professor V.A. Saenko and professor
S. Yamashita (Nagasaki University Graduate
School of Biomedical Sciences, Nagasaki, Japan).

KTC-2 cells were cultured in DMEM culture
medium supplemented with 10% fetal bovine se-
rum (FBS), 100 units/mL penicillin G sodium,
100 pg/mL streptomycin sulfate in humidified
5% CO, atmosphere at 37 °C.

Docetaxel (Dtx) («Wako Chemicals», Japan)
was dissolved in DMSO and then added into cul-
ture medium. Control samples were treated with
equal amount of DMSO without Dtx.

Preparation of recombinant hBD-2

To study the effect of exogenous defensin upon
cell growth, we have used the rec-hBD-2 expressed
in bacterial cells as GST-hBD-2 fusion protein
and purified by standard procedure as described
earlier [14]. In brief, E.coli BL21(DE3) cells trans-
formed with GST-hBD-2-recombinant plasmid
were induced with 1 mM IPTG for 6 hours, pel-
leted by centrifugation, resuspended in lysis buf-
fer (50 mM Tris-HCI, pH 7.6; 250 mM NaCl; 1%
Triton X-100 and a mix of protease and phospha-
tase inhibitors), and disrupted using ultrasound
disintegrator (UD-11 Automatic, Poland). Cell
lysate was then applied to affine chromatography
on glutathione-agarose column (GE Healthcare,
Sweden) with following cleavage of the defensin
from fusion protein by thrombin digestion. hBD-2
peptide was further purified by reverse phase chro-
matography on Sep-Pack C18 cartridge (Waters,
USA), vacuum-dried, and re-dissolved in acidified

12

water. Protein concentration was determined by
UV absorbance at 280 nm using spectrophotom-
eter Nanodrop-1000 (Labtech, USA).

Direct cell counting

To study the effect of Dtx and/or hBD-2 on
cell proliferation, KTC-2 cells were routinely
cultured in 24-well plates (5x10* cells per well)
to nearly 50% confluence. Culture medium was
then replaced with fresh DMEM supplemented
with 2.5% FBS and rec-hBD-2 was added into cell
cultivation medium in concentrations of 100, 500,
1000 nM. The cells were cultured for 48 hours after
that. Following the treatment, cells were washed
with PBS, detached with trypsin, and counted in
hemocytometer. The percentage of dead cells was
analyzed using trypan blue staining.

MTT assay

To evaluate the effect of Dtx and/or hBD-
2 on cell viability, MTT-test has been applied
[15]. KTC-2 cells were seeded into 96-well plates
(7x103 cells per well) and incubated with these
agents in DMEM supplemented with 2.5% FBS
for 48 hours. The cells were then routinely treat-
ed with MTT (3-[4,5-dimethylthiazole-2-yl]-2,5-
diphenyltetrazolium bromide) by standard pro-
tocol, and colorimetric reaction was evaluated
with the use of ELISA reader (Awareness Tech-
nology Inc, USA) at A=545.

Western blotting

To analyze the expression level of some signal
pathway components involved in cell cycle regula-
tion, KTC-2 cells were cultured in 6-well plates and
treated with Dtx and/or hBD-2 for 48 hours as de-
scribed above, washed with PBS and lyzed in RIPA
buffer with protease and phosphatase inhibitors.
The proteins were separated by 9-22% gradient
SDS-PAAG electrophoresis and transferred to ni-
trocellulose membrane Hybond-ECL, RPN3032D
(Amersham Biosciences, USA). Nonspecific bind-
ing sites were blocked with 1X PBS-T, 5% BSA so-
lution for 1 h. The blots were then incubated with
primary Abs, and later with secondary polyclonal
HRP-conjugated anti-rabbit IgG or anti-mouse
IgG Abs (DakoCytomation, Denmark). The ECL
western blotting detection system (Amersham
Pharmacia Biotech) was used to reveal immuno-
reactivity. The antibodies against p53 (IEPOR,
Ukraine), cyclin E (Santa-Cruz, USA), and MoAbs
against beta-actin (Sigma, USA) were used. All an-
tibodies were used at working dilutions according
to manufacturer instructions.

Statistical analysis

The data are reported as the mean + m of val-
ues obtained from four independent experiments.
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Data on direct cell counting and MTT were ana-
lyzed by Student’s ¢-test to assess the statistical
significance of the difference between the groups.
A statistically significant difference was consid-
ered to be present at p<0.05.
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Results and Discussion

The aim of our study was to analyze the influence
of ultralow docetaxel concentrations (tens and
hundreds of thousand times lower than the doses
used in clinical practice [16]) and rec-hBD-2 in
physiologic (nanomolar) concentrations on ana-
plastic thyroid cancer cell growth in vitro.

The study of Dtx effect on KTC-2 cells pro-
liferation has shown that the cells are sensitive
even to ultralow Dtx concentrations: the counts
of viable KTC-2 cells after 48 hours of incubation
with 1 nM and 10 nM decreased by 2.5-fold and
20-fold respectively (p<0.05) (Fig. 1, a).

Our data have shown that rec-hBD-2 exerted
no effect on proliferation of KTC-2 cells at low
concentrations (1-10 nM), while at higher con-
centrations (100-1000 nM) it significantly sup-
pressed cell proliferation in a concentration de-
pendent manner (p<0.05) (Fig. 1, b).

To study the combined effects of the agents, we
chose a concentration of rec-hBD-2 equal to 200
nM, as 100 nM of hBD-2 is the initial (boundary)
concentration at which its effect was observed,
and at higher rec-hBD-2 concentrations the ad-
ditive effects of defensin and Dtx would be dif-
ficult to demonstrate.

Combined treatment of KTC-2 cells with Dtx and
rec-hBD-2 showed significant additive proliferation-
suppressing effect of these compounds (Fig. 1, ¢).

The study of effects of Dtx, rec-hBD-2 and
their combination upon KTC-2 cells viability
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Effect of docetaxel (a), rec-hBD-2 (b) and their
combination (c) on KTC-2 cells proliferation (direct cell counting)
M+m, n=4. *differences are significant compared to the control; p<0.05.

Effect of docetaxel, rec-hBD-2 and their combination
on KTC-2 cells viability (MTT assay)

M=m, n=4. *differences are significant compared to the control; p<0.05
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Effect of docetaxel, rec-hBD-2 and their combination

on cyclin Eand p53 expression in KTC-2 cells

a - Western blotting data; b — graphic representations of western blotting data
normalized by B-actin and calculated with the use of GelPro v.3.2 program

demonstrated significant decrease of viable cell
counts at 0.1-1 nM of Dtx (p<0.05), a concen-
tration dependent effect of defensin at 1-100 nM
and the absence of additive effect of these two
agents toward anaplastic thyroid cancer cells vi-
ability (Fig. 2).

So, we have shown for the first time that rec-
hBD-2 is capable of affecting anaplastic thyroid
cancer cell growth in a concentration-dependent
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manner typical for this defensin toward cancer
cells of other histologic origin [13]. An additive
effect of physiologic (nanomolar) concentra-
tions of hBD-2 and taxanes toward suppression
of KTC-2 cell proliferation is of potential clini-
cal importance: it seems reasonable to analyze an
efficacy of taxane-based cancer therapy in com-
bination with natural inducers of hBD-2 expres-
sion (i.e. vitamin D).

To study the effect of rec-hBD-2 on the pro-
tein expression, we used this peptide at higher
concentrations (500-1000 nM) because herein
deeper mechanisms are involved.

The analysis of Dtx effects on cell cycle regu-
latory mechanisms has revealed the significant
decrease of p53 expression — tumor suppressor
protein that controls cell cycle under the stress
conditions [17], in KTC-2 cells treated with 0.1
nM Dtx, while nearly complete down-regulation
of p53 has been registered in the cells treated
with 1 nM Dtx or 0.5 uM rec-hBD-2 (Fig. 3).

The study of cyclin E expression, which in
combination with cyclin-dependent Kkinase
CDK2 phosphorylates (and inactivates) another
tumor suppressor protein — retinoblastoma pro-
tein (pRb) [18], has shown that Dtx significantly
suppressed cyclin E expression, especially at con-
centration of 1 nM (Fig. 3). More pronounced
cyclin E down-regulation has been observed in
KTC-2 cells treated with 0.5 pM and 1 pM rec-
hBD-2, while combined use of 1 uM hBD-2 and
1 nM Dtx caused nearly complete suppression of
cyclin E expression (Fig. 3).

It is known that tumor suppressor protein p53
after its phosphorylation under stress conditions
transactivates genes of CDK inhibitors resulting
in cell cycle arrest [18]. Significant down-regu-
lation of p53 caused by Dtx evidences that this
protein is not involved in proliferation cease of
KTC-2 cells treated with ultralow taxanes con-
centrations. It seems to be more likely that sup-
pression of KTC-2 cell proliferation upon Dtx
and/or hBD-2 action might be related to down-
regulation of cyclin E expression that could lead
to subsequent pRB activation [18].

Conclusions

1. Docetaxel effect in ultralow concentrations
(0.1-10 nM) results in significant suppression
of KTC-2 cells proliferation and viability.

2. Recombinant hBD-2 is capable to affect
growth patterns of anaplastic thyroid cancer
cells in a concentration-dependent manner.
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3. Combined effect of Dtx and rec-hBD-2 results in
significant additive suppression of K TC-2 cells proli-
feration and down-regulation of cyclin E expression.

Acknowledgement

This work was in part supported with grant
01100005758 of National Academy of Sciences
of Ukraine «Fundamental Basis of Molecular and
Cellular Biotechnologies».

References

1. Rowinsky E.K. The development and clinical utility of the tax-
ane class of an microtubule chemotherapy agents // Ann. Rev.
Med. 1997, 48, 353-374.

2. Jordan M.A., Wilson L. Microtubules as a target for anticancer
drugs // Nat. Rev. Canc. 2004, 4, 253-265.

3. Kingston D.G.I. The shape of things to come: Structural and
synthetic studies of taxol and related compounds // Phyto-
chemistry. 2007, 68, 1844-1854.

4. Ain K.B., Egorin M.]J., DeSimone P.A. Treatment of anaplastic
thyroid carcinoma with paclitaxel: phase 2 trial using ninety-
six-hour infusion. Collaborative Anaplastic Thyroid Cancer
Health Intervention Trials (CATCHIT) Group // Thyroid.
2000, 10,N 7, 587-594.

5. Pushkarev V.M., Starenki D.V., Saenko V.O. et al. Effects of Pa-
clitaxel and combination of the drug with radiation therapy in
an in vivo model of anaplastic thyroid carcinoma // Exp. Oncol.
2011, 33, N 1, 24-27.

6. Smallridge R.C., Copland J.A. Anaplastic thyroid carcinoma: patho-
genesis and emerging therapies // Clin. Oncol. 2010, 22, 486-497.

7. Smallridge R.C. Approach to the patient with anaplastic thyroid
carcinoma // J. Clin. Endocrinol. Metab. 2012, 97, N 8, 2566-2572.

8. Sun X.S., Sun S.R., Guevara N. et al. Chemoradiation in ana-
plastic thyroid carcinomas // Crit. Rev. Oncol. Hematol. 2013,
86, N 3, 290-301.

9. Droin N., Hendrab J.-B., Ducoroyb P. et al. Human defensins as
cancer biomarkers and antitumour molecules // J. Proteomics.
2009, 72,918-927.

10. Winter J., Pantelis A., Reich R. et al. Human beta-defensin-1,
-2, and -3 exhibit opposite effects on oral squamous cell car-
cinoma cell proliferation // Cancer Invest. 2011, 29, 196-201.

11. Bullard R.S., Gibson W., Bose S.K. et al. Functional analysis of
the host defense peptide human beta defensin-1: new insight into
its potential role in cancer // Mol. Immunol. 2008, 45, 839-848.

12. Sun C.Q., Arnold R., Fernandez-Golarz C. et al. Human beta-
defensin-1, a potential chromosome 8p tumor suppressor: con-
trol of transcription and induction of apoptosis in renal cell car-
cinoma // Cancer Res. 2006, 66, 8542-8549.

13. Zhuravel E., Shestakova T., Efanova O. et al. Human beta-de-
fensin-2 controls cell cycle in malignant epithelial cells: in vitro
study // Exp. Oncol. 2011, 33, N 3, 114-121.

14. Lisovskiy I.L., Markeeva N.V,, Shnitsar V.M., et al. Production of
recombinant of hBD-2 — human antimicrobial peptide expressed
in cervical and vulval cancer // Exp. Oncol. 2003, 25, N 1, 36-39.

15. Mosman T. Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays //
Immunol. Methods. 1983, 65, 55-63.

16. Gustafson D.L., Long M.E., Zirrolli J.A. et al. Analysis of
docetaxel pharmacokinetics in humans with the inclusion of
later sampling time-points afforded by the use of a sensitive
tandem LCMS assay // Cancer Chemother. Pharmacol. 2003,

52,N 2, 159-166.

17. Carvajal L.A., Manfredi J.J. Another fork in the road — life or
death decisions by the tumour suppressor p53 // EMBO Rep.
2013, 14, N 5, 414-421.

18. Nelson J. Structure and function in cell signalling. Chichester:

John Wiley & Sons Ltd, 2008. 389 p.

(Haoitiwna do pedakyii 27.02.2014)

Bnnue takcanis 1a nedpencuny hBD-2 na
nponithepauito KNITUH aHaNNacTUYHOT KapLUUHOMM
wutonopiobHoi 3anoau niuii KTC-2

O.J1. TepauweHko', O.B. ypasenb', B.B. lywKapbos?,
M.O. ConpartkiHna, B.M. Mywkapbos?, .B. Morpi6Huit’
IHCTUTYT eKcnepyMeHTaNbHOI NaToNOrii, OHKOAOrIT Ta pagiobionoril

im. PE€. KaBeubkoro HAH YkpaiHu;

’[1Y «IHCTUTYT eHAOKpWHONOTii Ta 0bMiHy peyoBuH im. B.I. KomicapeHrka
HAMH Ykpainu»

Pesiome. Y poboTi byno gocnigkeHo BNAMB AOLETAKCENO B Haf-
HU3bKMX KOHLEHTpauiax Ta pekombiHaHTHoro 6GeTa-gedeHcuHy-2
nopuHn (hBD-2) Ha nponidepaTuBHY aKTUBHICTb i KUTTE3[ATHICTL
KNITUH aHannacTUYHOT KapurHOMM WUTONOoAi6HOT 3an03w niHii KTC-2
Ta Ha eKCNpecito AeAKNX PerynaTopHux GakTopiB KNITUHHOTO LKKIY.
MokasaHo, Wo aia goueTtakceno, hBD-2 Ta kombiHaLiT Linx ABOX areH-
TiB MPU3BOAMNG 1O 3HAYHOTO 3HMKEHHS nponidepadii knitnH KTC-2
WNAXOM NPUTHIYEHHA ekcnpecii unkniHy E.

Kntouosi cnosa: wmtonogdioHa 3an03a, aHannacTMyHa KapLyHoma,
KNITUHHWI LKA, 6eTa-AedeHcnH-2 NoANHN, AoLEeTaKCeNb.

Bnuanue pouetakcena n nedencuna hBD-2
Ha nponucepaunio KNETOK aHanNacTUYeCKOil
KapuWHOMBI WNTOBMAHOR wenesbl nuHun KTC-2

O.J1. TepaweHko’, E.B. dKypaBsenb', B.B. MNywkapes?,
M.A.CongatkuHa', B.M. Nywkapes?, .B. Morpe6Hoit’
VIHCTUTYT 9KCNeprMEeHTaNbHOM NAaTONOMMK, OHKONOMUW 1 Pafnobronorim
nm. PE. Kaseukoro HAH YkpawHbl;

Y VHCTUTYT SHAOKPUHONOTMM 1 0BMeHa BelyecTs um. B.MN. KomrccapeHko
HAMH YkpawnHbl»

Pesiome. B paboTte nccnegoBaHo BAvAHWE AoLeTakcensa B CBEPX-
HU3KNX KOHLEeHTpaumax (0,1-10 HM) n pekombrHaHTHOro 6eTta-fe-
deHcnHa-2 yenoseka (hBD-2) B HAHOMONAPHOM AMana3oHe KOoHLEeH-
Tpauuii Ha NPONUGEePaTUBHYIO aKTUBHOCTb W XKU3HECNOCOOHOCTb
KNEeTOK aHannacTMyeckow KapLMHOMDI LMTOBUAHOW Xenesbl MMHUM
KTC-2 v 3Kcnpeccuio HeKOTOPbIX PerynatopHbix GakTopoB KeTou-
Horo umkna. [okasaHo, uto aercTene gouetakcens, hBD-2 1 nx kom-
BUHAUMM NMPUBOAUT K 3HAUUTENBHOMY YTHETEHWIO MponudepaLnm
Knetok KTC-2 nyTem CHUXeHWA aKkcnpeccun umknmHa E.
KnioueBble cnoBa: WWTOBMOHAA Xene3a, aHannacTmyeckasa Kapum-
HOMa, KNEeTOUHbI LMK, 6eTa-AedeHCHH-2 YenoBeka, AoLEeTaK e b.
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