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Summary. The effect of low docetaxel (Dtx) concentrations in combination with recombinant human beta-defen-
sin-2 (rec-hBD-2) on viability of cultured follicular thyroid carcinoma WRO cells has been studied. Treatment with 0.1
nM Dtx caused insignificant decrease of WRO cell viability while T nM Dtx caused statistically significant cytotoxic
effect. Incubation of WRO cells with 0.1 or 1 nM Dtx resulted in significant up-regulation of key proteins involved in
cell cycle control, in particular, cyclin D1, p53 protein, and p21"2f/<°! Treatment of WRO cells with 10 nM rec-hBD-2
resulted in stimulation of cell viability, while their incubation with 100 nM rec-hBD-2 resulted in significant decrease
of cell viability. The most significant suppression of WRO cell viability was observed in the case of combined use of 1
nM rec-hBD-2 and 0.1 nM Dtx. So, we have shown that in cultured follicular thyroid cancer cells mitogenic concen-
trations of rec-hBD-2 could potentiate growth-suppressive effects of the lowest Dtx concentrations.
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Follicular thyroid cancer (FTC) cases yields up
to 10-15% from all malignant thyroid tumors. This
well differentiated tumor type is characterized by
the presence of microfollicular regions, vascular and
capsular invasions, and is capable to metastasize [1].
FTC is characterized by mutations in such genes as
Ras (30-45% of cases), PTEN (10-15%), PIK3CA
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(5-15%), IDHT (5-25%) and deletions in PTEN gene
(30%). Due to the mentioned genetic defects, in
FTC cells MAPK and PI3K/Akt signal cascades ac-
quire constitutive character and independence from
growth factors [1].

Treatment of FTC patients includes thyroid-
ectomy and irradiation with radioiodine as well as
chemotherapy with the use of modern cytostatics for
the treatment of radioiodine-resistant tumor types.
Although FTC could be successfully treated by sur-
gical intervention, the development of alternative ap-
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proaches for treatment of radioiodine-resistant meta-
static thyroid cancer remains highly actual.

Among anticancer agents used in clinical prac-
tice one should mention taxanes — alkaloids of pacif-
ic yew (Taxus brevifolia) — paclitaxel and docetaxel.
Their mechanism of action is realized via binding to
the tubulin and consequent acceleration of its po-
lymerization rate. Therefore microtubules become
stabilized with the following disorder of maturation
spindle and cell cycle arrest in G2/M checkpoint.
Taxanes are effective against many cancer types [2-
4], however, their usage is known to cause severe
side effects. That’s why for decreasing taxane-relat-
ed toxicity it was reasonable to study the treatment
regimens based on low taxane doses in combination
with other antimitotic preparations.

In the study we have aimed to analyze an anti-
proliferative effect of taxane in combination with
human beta-defensin-2 (hBD-2), small cationic
peptide of innate immunity system with wide spec-
trum of activities. As other members of defensin
family, hBD-2 exerts direct antimicrobial action,
but it is also capable to control the growth of hu-
man tumor cells, including thyroid carcinoma cells,
in a concentration-dependent manner via cell cycle
regulation [5,6]. In previous studies we have shown
that some hBDs could potentiate antimitogenic ef-
fects of taxanes in vitro [7, 8]. Moreover, in recent
study it has been reported [9] that overexpression
of alpha-defensins (DEFA) and MAP2 (microtu-
bule-associated protein) in tumors of breast cancer
patients may serve as an effective marker of com-
plete pathologic response on neoadjuvant therapy
with paclitaxel.

The aim of our work was to study in vitro the in-
fluence of taxane in low concentrations on viability
of follicular thyroid carcinoma cells of WRO line
and expression of some regulatory cell cycle factors
in taxane-treated WRO cells and to evaluate cyto-
toxic effects of docetaxel in combination with re-
combinant hBD-2 (rec-hBD-2).

Materials and Methods

Cell line. Follicular thyroid cancer cell WRO line
was kindly provided by Professor V.A. Saenko and
Professor S. Yamashita (Nagasaki University Grad-
uate School of Biomedical Sciences, Nagasaki, Ja-
pan).

WRO cells were cultured in DMEM culture me-
dium supplemented with 10% fetal bovine serum
(FBS), 100 units/mL penicillin G sodium, 100 ug/
mL streptomycin sulfate in humidified 5% CO, at-
mosphere at 37°C.
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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 bacte-
rial cells as GST-hBD-2 fusion protein and pu-
rified by standard procedure as described earlier
[10]. In brief, E.coli BL21(DE3) cells transformed
with GST-hBD-2-recombinant plasmid were in-
duced with 1 mM IPTG (Isopropyl B-D-1-thio-
galactopyranoside) for 6 hours, pelleted by cen-
trifugation, resuspended in lysis buffer (50 mM
Tris-HCI, pH 7.6; 250 mM NaCl; 1% Triton X-100
and a mix of protease and phosphatase 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 defensin from fusion protein by throm-
bin digestion. hBD-2 peptide was further purified
by reverse phase chromatography on Sep-Pack C18
cartridge (Waters, USA), vacuum-dried, and re-dis-
solved in acidified water. Protein concentration
was determined by hBD-2 extinction coefficient at
280 nm using spectrophotometer Nanodrop-1000
(Labtech, USA).

MTT assay. To evaluate the effect of Dtx and/
or rec-hBD-2 on cell viability, MTT-test has been
applied [11]. WRO cells were seeded into 96-well
plates (7x103 cells per well) and incubated with the
agents in serum-free DMEM for 48 hours. The cells
were then routinely treated with MTT (3-[4,5-di-
methylthiazole-2-yl]-2,5-diphenyltetrazolium bro-
mide) by standard protocol, and colorimetric re-
action was evaluated with the use of ELISA reader
(Awareness Technology Inc, USA) at A=545.

Western blotting. To analyze the expression level
of proteins involved in cell cycle regulation, WRO
cells were cultured in 6-well plates and treated with
Dtx for 48 hours as described above, washed with
PBS and lysed in RIPA (Radio-Immunoprecipita-
tion Assay) buffer with protease and phosphatase
inhibitors. The proteins were separated by 9-22%
gradient SDS-PAAG electrophoresis and trans-
ferred to nitrocellulose membrane Hybond-ECL,
RPN3032D (Amersham Biosciences, USA). Non-
specific binding sites were blocked with 1X PBS-T,
5% BSA solution for 1 h. Then blots were incubat-
ed with primary antibodies (Abs), and later with
secondary polyclonal HRP-conjugated anti-rabbit
IgG or anti-mouse IgG Abs (DakoCytomation,
Denmark). The antibodies against p53 (IEPOR,
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Ukraine), cyclin D1 («Cell Signaling Technology»,
USA), p21"Aft (Oncogene, USA), PARP («Santa
Cruz Biotechnology», USA), and MoAbs against
beta-actin (Sigma, USA) were used. All antibodies
were used at working dilutions according to man-
ufacturer instructions. The ECL western blotting
detection system (Amersham Pharmacia Biotech)
was used to reveal immunoreactivity.

Statistical analysis. The data are reported as
the meantm of values obtained from four inde-
pendent experiments. Data on MTT were ana-
lyzed by Student’s t-test to assess the statistical
significance of the difference between the groups.
The differences were considered statistically signif-
icant at p<0.05.

Results and Discussion

The study of cytotoxic effects of taxanes in vitro has
been performed with the use of docetaxel (Dtx) at
final concentrations of 0.1 and 1 nM in the cell in-
cubation medium. This protocol was based on our
earlier observation that thyroid cancer cells are sen-
sitive to low doses of this cytostatic which caused
antiproliferative effects starting from 0.1 nM con-
centrations in anaplastic thyroid cancer cells of
KTC-2 line [7]. Follicular thyroid carcinoma cells
of WRO line were found to be more resistant to Dtx
action than KTC-2 cells, and statistically significant
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Influence of docetaxel, rec-hBD-2 and their combination

on viability of WRO cells. The cells were cultured in 96-well
plates in serum-free DMEM in the presence of Dtx and/or hBD-2
for 48 hours. Cell viability was evaluated by MTT analysis. The
data of 4 independent experiments are presented as M+m. * —
The difference is significant compared to the control, P<0.05;

* —The difference is significant compared to corresponding Dtx
concentration without rec-hBD-2, P<0.05.

1 —control; 2 - 0.1 nM Dtx; 3 - 1 nM Dtx; 4-6 — 1 nM, 10 nM,
and 100 nM rec-hBD-2 respectively; 7 — 0.1 nM Dtx + 1 nM rec-
hBD-2; 8 = 1 nM Dtx + 100 nM hBD-2.
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cytotoxicity has been observed at 1 nM Dtx con-
centration while 0.1 nM Dtx caused insignificant
decrease of WRO cell viability (Fig. 1). Relative
resistance of WRO cells to Dtx action was support-
ed by the data of Western blotting — no degrada-
tion of caspase substrate PARP has been observed
in WRO cells incubated with 0.1 or 1 nM Dtx for
48 hours (Fig. 2a,b).

Next, we have studied expression levels of some
cell cycle regulator proteins, in particular, cyclin D1,
p53, and p21Vai/Ciet in WRO cells incubated with low
Dtx concentrations. According to the data of West-
ern blotting (Fig. 2a,b), action of 0.1 and 1 nM Dtx
resulted in significant up-regulation of cyclin D1, a
protein playing an important role in initiation of cell
division, and p53 protein, the main cell cycle control-
ler. Along with this, in WRO cells treated with Dtx,
we have detected increased expression of p21Waft/Cirt
protein (Fig. 2a,b), which is directly regulated via
p53-dependent transcription [12].

Thus, inhibition of WRO cell proliferation in
the presence of Dtx probably due to stabilization
(and accumulation) of p53 and subsequent expres-
sion CDK-inhibitor — p21W“f/Cet which stops the
cell cycle at G1/S stage [12]. Additional suppres-
sion of cell proliferation in the presence of the Dtx
and hBD-2 can be explained by the activation of the
pRb, as previously shown [13].

Then we have analyzed a combined influence of
Dtx and hBD-2 on viability of follicular thyroid
carcinoma cells. As it has been shown earlier [6],
hBD-2 is capable to control the growth of cultured
human thyroid cancer cells in a concentration-de-
pendent manner and caused proliferative effects in
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Western blot analysis of PARP fragmentation and

expression of cyclin D1, p53, p21 in WRO cells treated or not
treated with Dtx;
1 - control; 2 - 0.1 nM Dtx; 3 - 1 nM Dtx.
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Graphic presentation of Western blot data calculated with the use of GelPro 3.1.

1 —control; 2 - 0.1 nM Dtx; 3 - 1 nM Dtx.

concentration range of 0.1-10 nM and significant
suppression of cell proliferation in concentrations
higher than 100 nM. From three studied cell lines
(TPC-1, KTC-2 and WRO) the follicular thyroid
carcinoma cells were found to possess the lowest
sensitivity to growth suppressing concentrations
of the defensin, but were the most responsive to its
mitogenic concentrations [6]. Indeed, at concentra-
tion of 10 nM rec-hBD-2 stimulated WRO cell via-
bility, while an action of 100 nM rec-hBD-2 caused
significant decrease in cell viability (p<0.05) (Fig.
1, columns 4-6). In the case of combined use of 1
nM rec-hBD-2 and 0.1 nM Dtx there has been reg-
istered a significant suppression of WRO cell via-
bility (p<0.05) (Fig. 1, column 7). At the same time
combined action of 100 nM rec-hBD-2 and 1 nM
Dtx did not differ from cytotoxic action of 1 nM
Dtx alone (Fig. 1, column 8). So, 1 nM rec-hBD-2
significantly enhanced growth-suppressive effect of
the lowest Dtx concentration. Such effects could be
possibly related to the fact that in the presence of
low mitogenic concentrations of the defensin (1-10
nM) the larger percent of cells are undergoing mito-
sis and are targeted by docetaxel which causes cell
cycle arrest at G2/M checkpoint.

Thus, the presented data evidence on higher
effectiveness of low docetaxel concentrations in
combination with low nanomolar concentrations of
hBD-2. It’s necessary to note that similar synergis-
tic effects of defensins and taxanes have been shown
in the research of biological activity of recombinant
human beta-defensin-3 [8]. For better understand-
ing of the perspectives for combined use of defen-
sins and taxanes in thyroid cancer patients it is
necessary to perform further research of biological
activities of these peptide antibiotics and prognos-
tic significance of their expression in human tumors.
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Brnue KombiHoBaHor o 3acTocysaHHA foueTakceny
Ta beta-nedieHcuHy-2 NIOANHIN Ha MUTTE3AATHICTb
KNITWH thonIKyNAPHOro paky wwutonobiaHoi sanosn
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Pestome. Y poboTi 6yno AOCNiAKEHO BMVB HAfIHWM3bKNX KOHLIEHT-
pauiin pouetakceny (Dtx) B KombiHalii 3 pekombiHaHTHKM GeTa-fe-
deHcnHOM-2 noanHn (rec-hBD-2) Ha XUTTE3[ATHICTH KyNbTUBO-
BaHWX KNITWH GONiKyNAPHOro paky WMTONOAIOHOT 3an03u NogUHN
niHiit WRO. Togi ak gia 0,1 HM Dtx He unmHMNa 3Ha4YHOro BRNMBY Ha
XKUTTE3AATHICTL KNITUH, Dtx y 0031 1 HM BUABNAB 3HAYHMI UNTOTOK-
CuuHMi edekT. IHKybauia knitndh WRO 3 0,1 abo 1 HM Dtx npu3so-
AVNa 10 3HAUHOro MiABWWEHHA eKkCnpecii pady Oinkie, 3agiaHnx y
KOHTPORI KMITUHHOTO LMKITY, @ came, UmkiiHy D1, p53 Ta p21%Wai/cet,
Nia rec-hBD-2 8 go3i 10 HM Ha knitvHy WRO mana Hacnigkom CTu-
MYNIALIO XUTTE3NATHOCTI KNITUH, TOAI AK y npucyTHOCTi 100 HM rec-
hBD-2 6yno BiAMiYEHO 3HaUHE MPUTHIYEHHA XUTTE3RATHOCTI KNITUH.
Hal3HauHilwe 3HWKeHHS )uTTesaaTHocTi knitnH WRO 6yno sigmive-
HO 3a YMOB KOMOiHOBaHOI il 1T HM rec-hBD-2 Ta 0,1 HM Dtx. Takum
UMHOM, MOKAa3aHo, WO B KyJbTMBOBAHMUX KMiTUHAX GONIKYNAPHOIo
paky WWTONOAIOHOI 3an03u MIToreHHi KoHUeHTpauii rec-hBD-2 nig-
CUNIOIOTb  PICT-CynpecyBanbHi ePeKTU HaMHMKUYMX KOHLeHTPAaLiN
JoueTakceny.

KniouoBi cnoBa: GonikynapHuin pak WuTonodioHoi 3ano3n, goue-
TaKcen, peKoMOIHaHTHMI beTa-nedeHCUH-2 NOANHN, KUTTE3AATHICTD
KNITUH.

BnnAnne KomMOUHNPOBAHHOT 0 NPUMEHEHNA
nouetakcena u beta-nedpeHcuHa-2 yenosexa Ha
HWU3HecnocobHoCTb KNETOK hONNUKYNAPHOr 0 paka
LWNTOBNAHON HKenesbl
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Pesiome. /lccnefoBanvt KOMOMHUPOBAHHbIN 3GdEKT NpenapaTos Ao-
yetakcena (Dtx) U pekoMbUHaHTHOrO GeTa-gedeHcrHa-2 Yenoseka
(pek-hBD-2) Ha *M3HeCnoCoOHOCTb KNETOK GONNVKYNAPHOTO paka
wutoBuaHom xenesbl nuHMK WRO. [lenctaue Ditx B go3e 0,1 HM He
0Ka3blBaio 3HAUMTENIBHOTO BUAHWMA Ha XMU3HECTOCOOHOCTb KNETOK,
a B npucyTcTBun Ditx B ao3e 1 HM Habnofany 3HaunTenbHbIN LUTO-
TOKCHUecknin addekT. MHkybauma knetok WRO ¢ 0,1 unm 1 HM Dtx
npvBOAMIA K 3HaUMTENbHOMY MOBBIWEHMIO 3KCMpeccun papa ben-
KOB-PErynaTopoB KNETOUHOro UMKNA, @ UMEeHHO, umknuHa D1, p53 u
p21%afl/Cel Nenctame rec-hBD-2 B go3e 10 HM Ha knetku WRO npugo-
AWIO K CTUMYNALMM UX KIU3HECTIOCOOHOCTH, B TO BPEMS KaK B MPUCYT-
ctBun 100 HM rec-hBD-2 6bi10 OTMEUEHO 3HAUUTENbHOE YrHETEHNWE
XM3HECMIOCOOHOCTH KNeTOK. Hanbonbluee CHUKEHME KU3HECnocob-
HoCTU KneTok WRO 6bi10 0TMEUEHO B YCIOBUAX KOMOUHMPOBAHHOTO
nencteng 1 HM rec-hBD-2 1 0,1 HM Dtx. Takum 06pa3om, NoKasaHo,
UTO B KyJIbTUBMPOBAHHBIX KNETKax GOMIUKYNAPHOIO Paka WUTOBU-
HOW »Kene3bl MUTOreHHble KOHUEHTpauuu rec-hBD-2 ycunwvgaloT pocT-
cynpeccupyowmnii 3GdeKT HU3KMX KOHLEHTPaUWUI JoLeTakcena.
KnioueBble cnoBa: GONMKYNAPHLIA Pak WMUTOBUAHON >Keneswbl,
JoLeTaKceN, PEKOMOUHAHTHbIN 6eTa-aedeHCnH-2 YenoBeKa, Xn3He-
CNOCOOHOCTb KNETOK.
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