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Abstract

Development of female genito-urinary infections depends on many factors, such as immune system activity, virulence of microorganism
and production of factors inhibiting the growth of microorganisms. Taking into account the possibility of relapses or severe complications,
it is very important to appropriately diagnose and treat infections. Because of recently observed increase of microbial resistance to antibi-
otics, researchers are looking for alternatives. In our study we evaluated and compared the concentration of human neutrophil peptides
(HNP 1-3) in cervico-vaginal lavages (CVL), obtained from women with vaginitis/cervicitis. Swabs from the posterior vaginal fornix and
from the endocervical canal as well as CVL samples were obtained from 32 patients with vaginitis/cervicitis and 29 healthy women
(control group). Supernatants of CVL were used for determination of concentration of HNP by ELISA. The difference between concen-
trations of HNP 1-3 in studied and control groups was statistically significant (p=0.018). The maximal concentration was determined
in patients with mixed infections (28.41 ng/ml), and Group B Streptococci, GBS, (28.06 ng/ml), the minimal concentrations in cases of
C. trachomatis (mean concentrations did not differ from those in the control group: 16.93 ng/ml and 16.39 ng/ml, respectively). Maximal
correlation was determined for control-studied group with isolation of GBS (»=0.79), and very high negative correlation for group of

GBS - C. trachomatis (r=—0.98).
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Introduction

The female birth canal is rich in microorganisms.
Infection starts when a pathogenic microorganism en-
ters into the birth canal and dominates the physiologic
microflora, breaking protective barriers and starting
an inflammatory process. Vaginal environment (stable
temperature, humidity, presence of nutrients, and low
level of oxygen) is appropriate for the growth of micro-
organisms. Development of infection depends on many
factors, such as virulence of microbes, immune sys-
tem activity, production of different factors inhibiting
growth of microorganisms and others.

In Poland about 35% of infections of female
genito-urinary tract are caused by yeasts (Golab-
Lipinska and Kurnatowska, 2001), especially Can-
dida albicans (80-95%), urogenital mycoplasmas;
Ureaplasma urealyticum — 20% of cases of NGU
(Denys, 2006), and Chlamydia trachomatis — 20—40%
(Choroszy-Krol et al., 2000; Zbroch et al., 2004).

Although group B streptococci (GBS) is a part of
the physiologic microflora of vagina (colonization
— 34%) the frequency of infection by this bacterium
increases during inflammatory processes in the
genito-urinary tract (Dybas et al., 2005).

Taking into account the possibility of relapses or
severe complications as infertility, and possibility of
transmission of infectious microorganisms to new-
borns, it is very important to appropriate diagnose and
treat such infections. Because of recently observed
increase of microbial resistance to antibiotics, resear-
chers are looking for alternative treatment methods.
Many investigators worked on AMPs (antimicrobial
peptides) — small cationic peptides that have anti-
microbial activity. Probably, AMPs can be used in the
future as alternatives to antibiotics. For this reason
it is very important to study which peptides and
in which concentrations are produced locally as
a response to microbial inflammation. The purpose of
basic protective mechanisms of the human body is the
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localization and elimination of pathogenic micro-
organisms mainly by nonspecific mechanisms. Human
neutrophil peptides, HNPs, are a-defensins produced
in female birth canal against infectious agents. HNPs
are localized in the azurophilic granules of neutrophils
as the main proteins, participating in oxygen — inde-
pendent phagocytosis of microorganisms (Ganz et al.,
1985). a-Defensins are part of host’s natural anti-
microbial immunity, responsible for the first line of
defense against pathogenic microorganisms. Additio-
nally they play an important role in acquired anti-
microbial immunity through the production of spe-
cific antigens and promote maturation of dendritic
cells (Yang et al., 2002). In vitro HNPs demonstrate
a cytolytic effect against bacterial strains, yeasts and
viruses. This causes increasing permeability of micro-
bial membrane, pore formation and outflow of ions
and bigger molecules. HNPs can also competitively
substitute divalent cations, which form bridges be-
tween lipopolysaccharide molecules (Hancock, 1997,
Zasloff, 2002). It is possible that development of dif-
ferent mechanisms of co-influence with bacterial cell
wall plays an important role among the properties of
a-defensins against different microorganisms. Mecha-
nisms of ¢-defensin actions are similar, but effects are
different, depending on specific construction of target
cell wall (Lynn et al., 2004).
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The aim of this study was to evaluate and compare
the concentration of HNP 1-3 in cervico-vaginal
lavages, obtained from women with vaginitis and cer-
vicitis, caused by different etiological agents.

Experimental
Materials and Methods

Samples source. Samples taken from 61 non-preg-
nant women aged 19—40 (mean age 28.5) attending
the Department of Medical Microbiology at the Me-
dical University of Silesia, Katowice for diagnostic
purposes were studied. The study group includes
33 patients (mean age 28.6) with symptoms of vagi-
nitis/cervicitis (redness of vaginal and cervical epi-
thelium and/or mucopurulent endocervical discharge
and/or pain and contact bleeding) before antibiotic
treatment. The control group includes 29 healthy
women (mean age 28.4). All patients gave informed
consent for this study.

Sampling procedure. Swabs from the posterior
vaginal fornix and from the endocervical canal and
also cervico-vaginal lavage samples were obtained
from each patient for this study (Fig. 1). Gram stained
microscopic slides were studied for bacterial vagi-

Cervical swab Cervico-vaginal lavage (CVL)

B

Chlamydia direct IF HNP 1-3 ELISA test kit

Agars:

CA - Columbia agar with 5% sheep blood

CZ - Chapman agar for Staphylococcus aureus

MC - McConkey agar for Enterobacteriaceae

Sab — Sabouraud chloramphenicol agar for yeast/fungi

Fig. 1. Schematic presentation of materials and methods
used in this study
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nosis (BV) using Amsel and Nugent criteria and pa-
tients with BV were excluded from this study (Zbroch
et al., 2004).

Microorganisms culturing and identification.
Vaginal swabs were used for Gram staining and
microorganisms culturing. Culturing was performed
according to routine microbiological practice. Typing
of B-hemolytic streptococci was performed by Micro-
screen Strep (Microgen Bioproduct Ltd., UK). Yeasts
and other fungi were identified by ID 32C test
(bioM¢érieux, France). Identification of mycoplasmas
was performed by Mycoplasma IST 2 (bioMérieux,
France), and cervical Dacron swabs were used for
Chlamydia Direct IF (bioMérieux, France) deter-
mining antigens of Chlamydia trachomatis according
to the manufacturer’s instructions.

HNP assay. Cervico-vaginal lavage samples were
obtained by introducing 5 ml of PBS by sterile syringe
followed by aspiration. Lavage-samples were centri-
fuged for 10 min at 1000 x g at 4°C. Supernatants were
used for determination of concentration of HNP 1-3
by ELISA test kit (Cell Sciences, Inc., USA) accor-
ding to the manufacturer’s instructions by using
spectrophotometer mQuant (Biotek Instruments Inc.,
USA) at A 450 nm.

*

Results

No statistically significant difference was observed
between mean ages of women in the studied and con-
trol groups (28.6 and 28.4 respectively), also socio-
economic conditions in both groups were comparable.

The studied group was divided into subgroups ac-
cording to detected etiological agents: GBS (n=5),
C. albicans (n=17), C. trachomatis (n=6), U. urealy-
ticum (n=7) and mixed infections (n="7). Etiologic
agents of mixed infection are presented in Table L. In

Table I
Etiologic agents and concentrations of HNP 1-3 in mixed
infection subgroup

Etiologic agents n Concentration
of HNP 1-3 (ng/ml)

GBS + C. albicans 1 35.84
GBS + C. trac}.zomatis 1 3124

+ U. urealyticum
C. albicans + U. urealyticum 1 28.71
C. albicans + C trachomatis | 26.42

+ U. urealyticum
C. albicans + C. trachomatis 3 25.56

* Statistics. For statistical analysis the program Statistica 6.1
(Statsoft, USA) was used. This study was approved by the
Bioethical Committee of Medical University of Silesia (NN-
6501-113/04).
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Table 11
Concentrations of HNP 1-3 in cervico-vaginal lavage
of studied women

n Median + SD (ng/ml)
Studied group 33 2535+ 13.55*
GBS 5 28.06 + 14.59
Candida albicans 7 25.96 £ 11.63
Chlamydia trachomatis 6 16.93 £15.12
Ureaplasma urealyticum 7 24.66 £ 16.56
Mixed infection 8 28.41 £10.33
Control group 29 16.39 £ 13.53*

* statistically significant difference (p=0.018)

Table III
Correlation between number of neutrophils observed
in microscopic smear and mean concentrations of HNP 1-3
in cervico-vaginal lavage

Studied group Control group
Median Median
Number concentr. of concentr. of

1s I N . .

of neutrophils | Number HNP 1.3 Number HNP 1.3
(ng/ml) (ng/ml)
>5 n=10 29.23 n=13 19.98

4-5 n=11 24.11 n=9 16.52
0-3 n=12 23.24 n="7 9.55

Neurophiles were counted at the magnification of 400 x

control group only microorganisms of physiological
microflora were detected. In the studied group the
maximal concentration of HNP 1-3 was found in pa-
tients with mixed infections (28.41 ng/ml) and in cases
of GBS (28.06 ng/ml), but the minimal concentrations
of HNPs were determined in cases of C. trachomatis,
mean concentrations did not differ from those in the
control group (16.93 ng/ml and 16.39 ng/ml, respec-
tively) (Table II). The difference between concentra-
tions of HNP 1-3 in studied and control groups was
statistically significant (p=0.018).

Maximal Pearson correlation index was deter-
mined for control group-studied group with isolation
of GBS (r=0.79), and very high negative dependence
was determined for studied group with GBS and with
C. trachomatis (r=—0.98). We demonstrated high
correlation between number of neutrophils observed
in microscopic smears and mean concentration of
HNP 1-3, especially in control group (no statistically
significant correlation) — Table III.

Discussion
In the beginning phase of infection neutrophils

adhere to the surface of epithelial cells and their
proteins determine the first defense against infection.
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Infection process triggers morphological changes in
epithelial cells (mainly in nucleus and cytoplasma).
These changes usually depend on the type of infec-
tious agent.

Our study demonstrated differences in expression
of HNPs depending on isolated etiological agent,
although further genetic studies are required for con-
firmation of these results. In the medical literature we
did not find any data regarding the expression of HNP
1-3 in GBS infection, as well as mixed-infection. In
cases of mixed infection concentrations of HNP 1-3
determined in our study evidenced increasing immune
response, only in one case the level of HNP 1-3
was low — 6.45 ng/ml (Table I). Such high immune
response to GBS infection may be connected with the
fact, that GBS is also a part of vaginal physiological
microflora. It was found that saprophytic microorgan-
isms can induce defensin expression, but they also
demonstrate relative tolerance against them. On the
other hand, pathogenic microorganisms do not induce
defensin expression and also can evade innate immune
mechanisms and cause disease (Yeaman and Yount,
2003). Low concentration of defensins in women in-
fected with C. trachomatis, observed in our study,
confirms the results described by Wiesenfeld et al.
(2002) and Porter et al. (2005), who described a lower
concentration of HNP 1-3 in women with chlamy-
diasis compared with women infected by Tricho-
monas vaginalis or Neisseria gonorrhoeae. Studies
of Yasin ef al. (1996) demonstrated minimal role of
a-defensins against C. trachomatis. 1t is also a well
known fact that HNP 1-3 with other antimicrobial
peptides, like LL-37, and HBD-1, acts as a synergistic
barrier and kills pathogenic microorganisms (Tollin
et al., 2003). This mean that even low expression of
HNP 1-3 by epithelial cells (lower than active concen-
tration) also promotes development of immune mecha-
nisms. A very active response was detected during
C. albicans infection. Lehrer et al. (1988) and Raj
et al. (2000) demonstrated that HNP-1 has a high anti-
mycotic activity, but HNP-3 — very low. Structures of
HNP-1 and HNP-3 differ by one amino-acid in N-ter-
minus of peptide, which determines defensin proper-
ties (Oren and Shai, 1997). This was confirmed also in
for other yeasts; Cryptococcus neoformans is inhibited
by HNP-1 and HNP-2 (Ganz et al., 1985), but intra-
cellular growth of Histoplasma capsulatum in murein
of macrophages is inhibited by xenogenic expression
of HNP-1 (Couto et al., 1994; Salzman et al., 2003).

There are no reports on the effect of HNP 1-3 on
urogenital mycoplasmas. In our study we demon-
strated similar results for U. urealyticum as in the case
of yeasts. We didn’t observe correlation between
defensins level and age of woman. Similar results
were obtained by Wiesenfeld ef al. (2002). They de-
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monstrated lack of correlation between level of HNP
and hormonal anticonception, phase of menstrual
cycle and use of condoms. Increasing of NHP 1-3
concentration is a response to inflammation by neutro-
phil and epithelial cells. Valore et al. (2002) de-
monstrated that because antimicrobial effect of vagi-
nal proteins depends on concentrations, increasing
of neutrophil defensisns concentration contributes to
host defense. It is also very important that these
peptides can act synergistically with other factors,
such as LL-37 (Nagaoka et al., 2000). On the other
hand many microorganisms developed mechanisms to
evade bacteriocidal antimicrobial molecules (Ganz,
2001). In the opinion of Lynn et al. (2004) probability,
that these mechanisms stimulate adaptive evolution
of a-defensins is very high. For example, pathogens
Pseudomonas aeruginosa, Enterococcus faecalis and
Streptococcus pyogenes produce sulfur compounds,
which bind and neutralize HNP-1 (Schmidtchen et al.,
2001), but protein SIC (streptococcal inhibitor of com-
plement) inhibits antibacterial activity of several anti-
microbial peptides, like lizozyme, SLPI, LL-37, HNP-1
and B-defensins 1, 2 and 3 (Fernie-King et al., 2006).

We have shown that the ability of interaction
between AMPs and microorganisms changes host
response to infection depending mainly on structure
and properties of etiological agent. Further in vivo and
in vitro studies of interactions of AMPs with different
microorganisms are required to shed light on the pos-
sibility of using them against antibiotic-resistant mi-
croorganisms.

Acknowledgements

This work was supported by Grants No 2P05D 050 29 and
No 2P05D 060 27 from Ministry of Science and Higher Educa-
tion in Poland.

Literature

Choroszy-Krél 1., J. Ruczkowska, A. Kowal and L. Pawlik.
2000. Detection of Chlamydia trachomatis in urine specimens
by using Ligase Chain Reaction (LCR). Adv. Clin. Exp. Med. 9:
245-250.

Couto M.A., L. Liu, R.I. Lehrer and T. Ganz. 1994. Inhibition
of intracellular Histoplasma capsulatum replication by murine
macrophages that produce human defensin. Infect. Immun. 62:
2375-2378.

Denys A. 2006. Macrolides in the treatment of genitourinary sys-
tem infections (in Polish). Gin. Prakt. 3: 6-10.

Dybas 1., A. Sidor-Wéjtowicz and M. Koziol-Montewka.
2005. Bacterial flora and mycosis of the vagina in women with
symptoms of vaginal inflammation (in Polish). Ginekol. Pol. 76:
385-390.

Fernie-King B.A., D.J. Seilly and P.J. Lachmann. 2006. Inhi-
bition of antimicrobial peptides by group A streptococci: SIC and
DRS. Biochem. Soc. Trans. 34: 273-275.

Ganz T. 2001. Fatal attraction evaded: how pathogenic bacteria
resist cationic polypeptides. J. Exp. Med. 193: F31-F34.



3 Neutrophil peptides in vaginitis/cervicitis

Ganz T., MLE. Selsted, D. Szklarek, S.S. Harwig, K. Daher,
D.F. Bainton and R.I. Lehrer. 1985. Defensins. Natural peptide
antibiotics of human neutrophils. J. Clin. Invest. 76: 1427-1435.
Golab-Lipinska M. and A. Kurnatowska. 2001. Some aspects
of fungi multifocal invasions connected with the genital organs in
women (in Polish). Wiad. Parazytol. 47: 137-142.

Hancock R.E. 1997. Peptide antibiotics. Lancet 349: 418-422.
Lehrer R.I., T. Ganz, D. Szklarek and M.E. Selsted. 1988.
Modulation of the in vitro candidacidal activity of human neutro-
phil defensins by target cell metabolism and divalent cations.
J. Clin. Invest. 81: 1829-1835.

Lynn D.J., A.T. Lloyd, M.A. Fares and C. O’Farrelly. 2004.
Evidence of positively selected sites in mammalian alpha-defensins.
Mol. Biol. Evol. 21: 819-827.

Nagaoka L., S. Hirota, S. Yomogida, A. Ohwada and M. Hirata.
2000. Synergistic actions of antibacterial neutrophil defensins and
cathelicidins. Inflamm. Res. 49: 73-79.

Oren Z. and Y. Shai. 1997. Selective lysis of bacteria but not
mammalian cells by diastereomers of melittin: structure-function
study. Biochemistry 36: 1826—1835.

Porter E., H. Yang, S. Yavagal, G.C. Preza, O. Murillo,
H. Lima, S. Greene, L. Mahoozi, M. Klein-Patel, G. Diamond
and others. 2005. Distinct defensin profiles in Neisseria go-
norrhoeae and Chlamydia trachomatis urethritis reveal novel epi-
thelial cell-neutrophil interactions. Infect. Immun. 73: 4823—4833.
Raj P.A., K.J. Antonyraj and T. Karunakaran. 2000. Large-
scale synthesis and functional elements for the antimicrobial acti-
vity of defensins. Biochem. J. 347: 633—641.

Salzman N.H., D. Ghosh, K.M. Huttner, Y. Paterson and
C.L. Bevins. 2003. Protection against enteric salmonellosis in

189

transgenic mice expressing a human intestinal defensin. Nature
422: 522-526.

Schmidtchen A., I.M. Frick and L. Bjorck. 2001. Dermatan
sulphate is released by proteinases of common pathogenic bac-
teria and inactivates antibacterial a-defensin. Mol. Microbiol. 39:
708-713.

Tollin M., P. Bergman, T. Svenberg, H. Jornvall, G.H. Gud-
mundsson and B. Agerberth. 2003. Antimicrobial peptides in the
first line defence of human colon mucosa. Peptides 24: 523-530.
Valore E.V., C.H. Park, S.L. Igreti and T. Ganz. 2002. Antimi-
crobial components of vaginal fluid. Am. J. Obstet. Gynecol. 187:
561-568.

Wiesenfeld H.C., R.P. Heine, M.A. Krohn, S.L. Hillier,
A.A. Amortegui, M. Nicolazzo and R.L. Sweet. 2002. Associa-
tion between elevated neutrophil defensin levels and endometritis.
J. Infect. Dis. 186: 792-797.

Yang D., A. Biragyn, L.W. Kwak and J.J. Oppenheim. 2002.
Mammalian defensins in immunity: more than just microbicidal.
Trends Immunol. 23: 291-296.

Yasin B., S.S. Harwig, R.1. Lehrer and E.A. Wagar. 1996. Sus-
ceptibility of Chlamydia trachomatis to protegrins and defensins.
Infect. Immun. 64: 709-713.

Yeaman M.R. and N.Y. Yount. 2003. Mechanisms of antimicro-
bial peptide action and resistance. Pharmacol. Rev. 55: 27-55.
Zasloff M. 2002. Antimicrobial peptides of multicellular orga-
nisms. Nature 415: 389-95.

Zbroch T., P. Knapp, E. Blonska, M. Kobylec and P. Knapp.
2004. Life style, Chlamydia trachomatis infection, bacterial
vaginosis and their impact on the frequency of cervical lesions (in
Polish). Ginekol. Pol. 75: 538-544.



