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Epithelium  functions as a mechanical and protec-
tive barrier between the organism and the hostile envi-
ronment laden with microorganisms. It is well recog-
nized now that human epithelial cells produce antimi-
crobial peptides, defensins, playing an important role
in host defense [1�3]. The defensins are a family of 3�
4 kD cationic peptides and are divided into two class-
es, a- and b-defensins. Six a-defensins (HNP-1�4,
HD-5 and HD-6) and two b-defensins (hBD-1 and
hBD-2) have been identified in humans [2, 3].  Female
urogenital system is considered as a principal site of
expression of beta-defensin-1 (hBD-1) mRNA [4]. A
lot of data supports the dominant role of defensins in

immediate response to the local infection. At the same
time the data about defensin expression in tumors orig-
inated from epithelial cells are scarce despite the fact
that recently the infection with viruses/bacteria has been
suggested to play an important role in development of
some types of cancer, particularly, the tumors of cervix
[5�7]. If these suggestions hold true, then one may ex-
pect the deregulation of defensin expression in can-
cerous tissues. Squamous cell carcinomas originating
from vulval and cervical epithelia are the most com-
mon malignant neoplasms of female genital system.
The aim of present work was to study the defensin
mRNA expression patterns in malignant epithelial cells
in vitro and in the cells of vulval and cervical carcino-
mas in comparison with normal tissues.

MATERIALS AND METHODS
Bacterial strains and growth conditions. The

strain of Bacillus subtilis ATCC 6633 was kindly pro-
vided by Dr. E. Kiprianova from Ukrainian Collection of
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The main purpose of the work was to study the patterns of defensin mRNA expression in epithelial cell lines A431
and M-HeLa originated from genital tumors, and in cells of human vulval and cervical carcinoma by quantitative
RT-PCR. The expression of HNP1,  HNP3, HP-4, Def5, HD6, hBD-1, hBD-2 genes has been studied. hBD-1 and
HD-6 mRNA in A431 cells and HD-6 mRNA in M-HeLa cells  were shown to be expressed constitutively whilst the
expression of hBD-2 mRNA was induced by challenge of cells with B. subtilis or EGF. The investigation of the
surgical specimens revealed the expression of hBD-2 mRNA which was absent in the normal tissue. hBD-1 mRNA
in all samples of vulval and cervical carcinoma was overexpressed. The regularity in the expression patterns of
HD-6 mRNA in the tumor and normal tissues was not found.
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Ñ ïîìîùüþ ÎÒ-ÏÖÐ èññëåäîâàëè õàðàêòåð ýêñïðåññèè ìÐÍÊ äåôåíñèíîâ HNP1, HP-4, HNP3, Def5, HD-6,
hBD-1, hBD-2 â êëåòêàõ ïåðåâèâíûõ ëèíèé À431 è M-HeLa, ïðîèñõîäÿùèõ èç îïóõîëåé âóëüâû è øåéêè ìàòêè
÷åëîâåêà, è â êëåòêàõ àíàëîãè÷íûõ ïåðâè÷íûõ íîâîîáðàçîâàíèé. Óñòàíîâëåíî, ÷òî â êëåòêàõ ëèíèè À431
êîíñòèòóòèâíî ýêñïðåññèðóþòñÿ  ãåíû äåôåíñèíîâ hBD-1 è HD-6, â êëåòêàõ ëèíèè M-HeLa � òîëüêî HD-6.
Ïðè èíêóáàöèè êëåòîê ñ B. subtilis èëè ýïèäåðìàëüíûì ôàêòîðîì ðîñòà â îáåèõ êëåòî÷íûõ ëèíèÿõ íàáëþäàåò-
ñÿ èíäóêöèÿ ýêñïðåññèè  ìÐÍÊ hBD-2. Â êëåòêàõ ïåðâè÷íûõ îïóõîëåé âóëüâû è øåéêè ìàòêè áûëà âûÿâëåíà
ýêñïðåññèÿ ìÐÍÊ hBD-2, îòñóòñòâóþùàÿ â íîðìàëüíîé òêàíè. Óðîâåíü ýêñïðåññèè ìÐÍÊ hÂD-1 â êëåòêàõ
ýòèõ îïóõîëåé áûë ïîâûøåí ïî ñðàâíåíèþ ñ òàêîâûì â íîðìàëüíûõ òêàíÿõ. Ýêñïðåññèÿ ìÐÍÊ HD-6 â íîð-
ìàëüíîé è îïóõîëåâîé òêàíè íå íîñèëà çàêîíîìåðíîãî õàðàêòåðà.
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Microorganisms (Kyiv, Ukraine). The strain was main-
tained from the frozen stock by seeding on LB agar
plate at 37oC for 2 days. The single colony was har-
vested from the plate, suspended in 3 ml of LB broth,
and grown in liquid culture at 37oC overnight with vig-
orous shaking. Then the overnight culture was centrifu-
gated, the bacterial pellet was redissolved in DMEM
and boiled in the water bath for 15 min.

Cell lines. A431 (human epidermoid carcinoma) and
M-HeLa (human cervical carcinoma) cell lines were re-
ceived from the Institute of Molecular Biology (Russian
Academy of Sciences, Moscow, Russia). Subline
A431/1522 was obtained in our laboratory by transfec-
tion of A431 cells with retroviral vector carrying cDNA of
TGF-a gene under the control of mouse metallothio-
nein-1 gene promotor region [8]. The induction of TGF-a
gene expression in A431/1522 subline was achieved by
addition of 3 mM CdCl2  to the culture medium.

Challenge with bacterial cells and EGF. A431 cells
were cultivated in 30 mm dishes in complete medium con-
sisting of DMEM supplemented with 10% FCS at 37oC in
an atmosphere with 5% CO2 until cells reached 80% con-
fluence. Then the culture medium was changed to 1 ml of
fresh DMEM without FCS. 25 ml of heat-killed B. subtilis
cells (2.5 · 109 CFU/ml) in DMEM medium or 25 ml of DMEM
containing 5 mg of human EGF were added to the medi-
um in 30-mm dishes and incubation continued for 6 h.

Surgical specimens. Surgically resected specimens
were obtained from seven patients who had been dia-
gnosed with squamous cell carcinoma of vulvae or cer-
vix. The clinical features of the cases are as following:
Case 1, 50-year-old female, carcinoma of vulvae
(T2NoMo); Case 2, 58-year-old female, carcinoma of
vulvae (T3N1M1); Case 3, 52-year-old female, carcino-
ma of vulvae (T2N0M0); Case 4, 62-year-old female,
carcinoma of vulvae (T3N1M0);  Case 5, 62-year-old fe-
male, carcinoma of vulvae (T2N2M0); Case 6, 64-year-
old female, carcinoma of cervix (T2N0M0); Case 7,
60-year-old female, carcinoma of cervix (T3N0M0).

RNA preparation and RT-PCR. Total RNA was
extracted with acid guanidinum thiocyanate/phenol-
chlorophorm according to the method [9]. The quality of
extracted RNA was estimated by electrophoresis in 1%
agarose gel that contained formaldehyde. The quantity
of RNA was measured by spectrophotometry. Primers
were designed according to nucleotide database of NCBI

with the use of computer program Oligo. The primers
used for amplification were: for hBD-1 � 5¢-TGTTGC-
CTGCCAGTCGCCATGAG/5¢-TCACTTGCAGCACT-
TGGCCTTCCC; for hBD-2 � 5¢-GAAGCTCCCAGC-
CATCAGCC/5¢-GTCGCACGTCTCTGATGAGGGA; for
HNP1, HNP3  � 5¢-CCCTCGCCATCCTTGCTGC-
CATT/5¢-GCAAG CTCAGCAGCAGAATGCCCA; for
HP-4 � 5¢-CCCCAGCCATGAGGATTATCGCC/5¢-
CCATGCCCCTTGTTGAGCCTGAA; for Def5 � 5¢-
CCATCGCCATCCTTGCTGCCA/5 ¢-GGACT-
CACGGGTAGCACAACGGC; for HD6 � 5¢-AGGCT-
GATGCCCAGG AGCAG/5¢-TGGCAATGTATGGGAC-
ACACGA (primers for HD-6 cDNA were designed ac-
cording to [10]).  The RNA was reverse transcribed
(M-MuLV reverse transcriptase, MBI Fermentas), using
reverse primers mentioned above. The RT products were
amplified using a PCR kit (MBI Fermentas). The primer
for G3PDH (5¢-TGAAGGTCGGAGTCAACGGATTTG-
GT/5¢-CATGTGGGCCATGAGGTCCACCAC) was used
as a positive control. The PCR consisted of 40 cycles in
Perkin Elmer 2400 amplificator (USA). The products of
amplification and  their restriction fragments were de-
tected by electrophoresis in 2% agarose gel or 8% poly-
acrilamide gel (29 : 1) in Tris-borate 0.089 M pH 7.4
containing 2 mM EDTA.

RESULTS AND DISCUSSION
Expression of defensin mRNA in cell lines. The

expression of defensin HNP1,  HNP3, HP-4, Def5, HD6,
hBD-1, hBD-2 mRNA was studied by RT-PCR in A431
and M-HeLa cell lines. It was shown (Fig. 1) that hBD-1
gene is expressed only in A431 cells. At the same time
the expression of HNP-1, HNP-3, HP-4 and hBD-2
mRNA  was shown to be absent in A431 and M-HeLa
cells;  HD-6 mRNA is expressed in both cell lines men-
tioned above (see Fig. 1).

hBD-2 mRNA induction in A431 cells. It is well
known that the expression of hBD-2 gene in epithelial
cells is up-regulated by inflammatory stimulation [11].
We found out that it also may be regulated by growth
factors (EGF and TGF-b). Whilst studying the patterns
of defensin expression in A431/1522 cell line, which un-
dergo the induction of TGF-a-gene expression with
cadmium ions (and therefore the autocrine stimulation
with TGF-a), we noticed the appearance of  hBD-2 gene
expression after 6 h of incubation of cells with Cd2+

Fig. 1. Expression of hBD-1 and HD-6 mRNA in A431 and M-HeLa cells. a� electrophoresis of total RNA from A431 cells (lane 1)
and M-HeLa cells (lane 2) in 1% agarose gel; b-d � expression of hBD-1 gene (b), HD-6 gene (c), and G3PDH (d) in A431 cells
(lanes 2) and M-HeLa cells (lanes 3); lanes 1 � molecular weight markers (b, d � 1 kb ladder, c � pUC19/MspI); e � HD-6 cDNA
fragment (lane 1) and the product of its restriction with AluI (lane 2), lane 3 � 1 kb ladder; f � hBD-1 cDNA fragment (lane 3) and the
product of its restriction with DdeI (lane 1), lane 2 � 1 kb ladder
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(Fig. 2). To examine the effect of bacterial challenge and
growth factor stimulation on patterns of defensin expres-
sion the parent A431 cells were incubated  with heat-

killed B. subtilis cells or EGF for 6 h (Fig. 3). The level of
hBD-1 and HD-6 mRNA did not change upon bacterial
challenge and growth factor stimulation, whereas after
incubation with EGF or B. subtilis the induction of hBD-2
mRNA expression was recorded (see Fig. 3). The same
results were also obtained if the viable B. subtilis cells
were used (data not presented).

So, our data obtained upon investigation of cell lines
of genital origin provided the evidence that  those cells
are constantly expressing hBD-1 (A431 cells) and
HD-6 (A431, M-HeLa) mRNA. We show also that af-
ter bacterial treatment in A431 cells the expression le-
vels of hBD-1 and HD-6 mRNA remained unaffected
however the expression of the hBD-2 mRNA was in-
duced. Those results are in accordance with the data
on constitutive expression of hBD-1 gene in epithelial

cells and LPS- or bacteria-induced hBD-2 mRNA ex-
pression [11]. Our data, which demonstrated that the
expression of hBD-2 mRNA in vitro may be regulated
by EGF/TGF-a, point to the possible link between the
EGF-dependent system of growth control and the sys-
tem of nonadaptive immunity.

Expression of defensin mRNA in cells of hu-
man vulval and cervical carcinoma. The study of
defensin gene expression was carried out on 5 sam-
ples of resected tumors of vulvae and 2 samples of
cervical tumors in comparison with adjoining normal tis-
sues. Our data show that cells of tumor tissues as well
as adjoining normal ones express hBD-1 and HD-6
mRNA (see Table). In 6 cases the levels of hBD-1
mRNA expression were notably increased in cancer-
ous tissues in comparison with normal ones. HD-6
mRNA expression did not show regular character: in
1 case its level in cancerous tissue was lower than in
the control, in 2 cases it remained unchanged and in
3 cases it was significantly elevated in tumor tissues in
comparison with normal tissues. At last, hBD-2 mRNA
expression demonstrates strong �tumor-dependent�
character: whilst the normal tissues which surround the
tumor did not express hBD-2 mRNA, cancerous cells
were characterized by hBD-2 gene expression in all
cases studied in this research (see Table, Fig. 4).

The investigation of defensin gene expression in the
surgical specimens gave the prominent evidence that
hBD-2 and hBD-1 genes are overexpressed in the tu-
mors of vulvae and servix (in comparison with adjoining
normal tissues). Recently hBD-1 and hBD-2 mRNA
expression in oral carcinomas was reported [12, 13].
Possibly, the overexpression of hBDs may be caused
by primary infection of respective epithelia. It is known
that the infection by viruses or bacteria play an impor-
tant role in the development of some types of cancer [6�
8, 15, 16]. Thus, the high levels of defensin expression
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Fig. 3. Expression of hBD-1, hBD-2, HD-6 and G3PDH genes
in A431 cells, undergoing stimulation with EGF or challenge with
B. subtilis

hBD-1

hBD-2

HD-6

G3PDH

None EGF B. subtilis

Fig. 4. Expression of hBD-2 gene in surgical specimen. Lane 1 �
1 kb ladder, lane 2 � normal tissue, lane 3 �  tumor tissue
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Fig. 2. Expression of hBD-2 gene in A431/1522 cells. a � time-
course of hBD-2 gene expression in A431/1522 cells during auto-
crine stimulation with recombinant TGF-a  (1�12 h  of incubation of
cells with 3 mM CdCl2); b � hBD-2 cDNA fragment (lane 3) and the
product of its restriction with HaeIII (lane 1), lane 2 � 1 kb ladder
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may reflect the persistant infection of tumor tissues with
bacterial/viral pathogens. On the other hand, our data
obtained in vitro point to the possible link between
EGF/TGF-a-dependent growth control system and the
expression of b-defensins. The further investigation of
patterns of defensin gene expression in cancerous tis-
sues will help to estimate their role in the tumor biology.
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