wJ

World Journal of
Virology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5501/ wjv.v3.i2.11

World ] Virol 2014 May 12; 3(2): 11-17
ISSN 2220-3249 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

CLINICAL TRIALS STUDY

Semen lactoferrin promotes CCL20 production by epithelial
cells: Involvement in HIV transmission

Alan Grupioni Lourengo, Marilena Chinalli Komesu, Alcyone Artioli Machado, Silvana Maria Quintana,

Thomas Bourlet, Bruno Pozzetto, Olivier Delézay

Alan Grupioni Lourengo, Alcyone Artioli Machado, Silvana
Maria Quintana, Division of Infectious Diseases, Department of
Internal Medicine, School of Medicine of Ribeirdo Preto, Univer-
sity of Sao Paulo, Ribeirdo Preto, 14049-900 Sao Paulo, Brazil
Alan Grupioni Lourenco, Marilena Chinalli Komesu, Depart-
ment of Morphology, Stomatology and Physiology, School of
Dentistry of Ribeirdo Preto, University of Sdo Paulo, Ribeiréo
Preto, 14049-900 Séo Paulo, Brazil

Alan Grupioni Lourengo, Thomas Bourlet, Bruno Pozzetto,
Olivier Delézay, EA3064, Groupe Immunité des Muqueuses et
Agents Pathogénes (GIMAP), Faculty of Medicine Jacques Lis-
franc, University of Lyon, 42023 Saint-Etienne, France

Author contributions: Lourengo AG, Komesu MC, Machado
AA, Pozzetto B and Delézay O conceived the research; Machado
AA and Quintana SM recruited the patients and provided the
samples; Lourengo AG, Bourlet T and Delézay O performed the
experiments; Lourengo AG, Komesu MC, Quintana SM, Bourlet
T and Delézay O analyzed the data; Lourengo AG, Komesu MC
and Pozzetto B wrote the paper.

Supported by The Brazilian Federal Agency CAPES (Coor-
denagdo de Aperfeicoamento de Pessoal de nivel Superior) and
evaluation of graduate education

Correspondence to: Bruno Pozzetto, MD, PhD, Professor,
Director of the Groupe Immunité des Muqueuses et Agents
Pathogeénes (GIMAP) group, EA3064, Groupe Immunité des
Mugqueuses et Agents Pathogenes (GIMAP), Faculty of Medicine
Jacques Lisfranc, University of Lyon, 15 Rue Ambroise Paré,
42023 Saint-Etienne, France. bruno.pozzetto@univ-st-etienne.fr
Telephone: +33-4-77828434 Fax: +33-4-77828460
Received: December 31,2013 Revised: May 4, 2014
Accepted: May 9, 2014

Published online: May 12, 2014

Abstract

AIM: To study the effect of seminal plasma on Che-
mokine (C-C motif) ligand 20 (CCL20) production by
epithelial cells and its relationship with lactoferrin.

METHODS: HEC-1A cells, a cell line derived from a
monostratified endocervical epithelium, were incubated
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with samples of seminal plasma (diluted 1:10 in culture
medium) recovered from human immunodeficiency
virus (HIV) seronegative (HIV-) or HIV seropositive
(HIV+) subjects. Recombinant human interleukin 1
beta (IL-1B) was used as positive control, and culture
medium only as negative control. The measurement of
CCL20 production in the supernatants of HEC-1A cells
and of lactoferrin in seminal plasma was determined
by enzyme-linked immunosorbent assay techniques. A
fractionation of seminal plasma proteins was performed
by ion exchange chromatography on a pool of seminal
plasma specimens from HIV- subjects. Each fraction
was tested for its ability to stimulate the production of
CCL20 by HEC-1A cells and for its lactoferrin concentra-
tion. The HIV viral load in seminal plasma samples from
HIV+ patients was measured using the HIV-Monitor
kit (Roche Diagnostic Systems, Branchburg, NJ, United
States).

RESULTS: The positive control IL-1p was responsible
for an increase of 11.36 + 3.36 times in the production
of CCL20. Stimulation of HEC-1A cells was performed
in 34 seminal plasma samples (22 from HIV+ subjects
and 12 from HIV- subjects). The mean production of
CCL20 by HEC-1A in presence of seminal plasma from
HIV- and HIV+ subjects was respectively 5.38 + 0.91
and 7.57 £ 3.26 times higher than that obtained with
the untreated cells (P < 0.05 between the two groups).
Using the same 34 specimens of seminal plasma, no
correlation was observed between the concentration
of total proteins in seminal plasma and their ability to
stimulate the secretion of CCL20 by HEC-1 cells. In con-
trast, the ability to produce CCL20 by HEC-1A cells cor-
related to the concentration of lactoferrin in the seminal
plasma samples (r coefficient = 0.56; CI: 0.26-0.76; P
< 0.001). After fractionation by ion exchange chroma-
tography, the seminal plasma fractions exhibiting the
highest concentrations of lactoferrin were responsible
for the greatest stimulation of CCL20 production by
HEC-1A cells (r coefficient = 0.89; CI: 0.78-0.95; P <

May 12,2014 | Volume 3 | Issue2 |



Lourengo AG et a/. Semen lactoferrin promotes epithelial CCL20 release

0.0001).

CONCLUSION: Lactoferrin present in seminal plasma
correlated with an increased production of CCL20 by
HEC-1A cells and therefore could facilitate HIV entry
through the genital mucosa.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION

Sexual transmission of human immunodeficiency virus
type 1 (HIV-1) accounts for 60% to 90% of new infec-
tions, especially in developing countries. During male-to-
female transmission, the virus is typically deposited in the
vagina as cell-free or cell associated virions carried by se-
men'". In the absence of breaches in the genital mucosa,
the epithelium crossing by HIV could occur through the
recruitment of immune cells with migratory properties,
such as macrophages, lymphocytes or Langerhans cells
(LCs), the latter cells being considered as one of the first
target for this virus”. HIV entry may be observed at
different levels of the female genital tract including the
vagina, the ectocervix and the endocervix. The epithelial
architecture is variable in these regions. The epithelium
of vagina and ectocervix is composed by multi-layered,
pluristratified epithelial cells that do not form a polarized
epithelium. In contrast, the epithelium of the endocervix
is a single layer of polarized, columnar epithelial cells
with tight junctions, dividing the epithelium into apical
and basolateral domains”. These simple mono-layered
epithelia provide a lower degree of protection.

The Chemokine (C-C motif) ligand 20 (CCL20) is
liberated by epithelial cells from different tissues in-
cluding skin'*”, oral mucosa” and vaginal epitheliumm.
CCL20 is an important immune effector molecule that
is chemotactic for immature dendritic cells (DCs) and
lymphocytes[s’g]. DCs also likely contribute to the at-
ray of cells potentially involved in HIV entry into the
vaginal and ectocervical mucosae. DCs efficiently cap-
ture, disseminate, and transmit viruses to mononuclear
target cells; however, HIV does not productively infect
the DCs themselves”. CCL20 secretion by human
vaginal epithelial cells has been shown to be enhanced
in the presence of semen resulting in chemoattraction
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of LCs that are permissive to HIV infection” but the
compound(s) involved in this stimulation is (are) not yet
characterized.

This study was performed for analyzing the ability of
seminal plasma from HIV seronegative (HIV-) and HIV
seropositive (HIV+) subjects to promote the produc-
tion of CCL20 by monolayers of endocervical epithelium
cells (HEC-1A cell line). This secretion correlated to
the amount of lactoferrin present in the seminal plasma
specimen.

MATERIALS AND METHODS

Seminal plasmas samples
Semen samples were collected from 22 HIV+ and 12
HIV- subjects. The patients gave their fully-informed
written consent. The study was reviewed and approved
by the Ethics Committee of the School of Medicine
of Ribeirdo Preto, University of Sdo Paulo, Brazil (CH-
SMRP-USP No. 4926/2009). The inclusion criteria were
as follows: being over 18 years old, having never under-
gone radiotherapy or chemotherapy treatment, and not
having used antimicrobials or anti-inflammatory drugs
during the last 6 mo. HIV- men were tested for the ab-
sence of common sexually transmitted diseases includ-
ing syphilis, Chlamydia trachomatis and Neisseria gonorrboeae
infection, herpes simplex virus infection and hepatitis B
virus infection.

The participants were instructed to auto-petform
an aseptic collection of semen by masturbation into a
universal collector, with the use of neither lubricants nor
water. Within 4 h after ejaculation, the semen specimens
were submitted to the following protocol: they were
diluted 1:2 in PBS and then centrifuged at 800 g for 30
min. The supernatant constituted the seminal plasma that
was stored at -80 “C. The frozen samples were sent to the
GIMARP team, Saint Etienne, France, for analysis.

Cell culture

The HEC-1A cell line was used for mimicking the female
genital tract. It was cultured in Dulbecco’s minimal essen-
tial medium (DMEM-F12 medium, Cambrex BioScience,
Verviers, Belgium) to which were added 2% fetal bovine
serum (FBS) and 1% solution containing penicillin, strep-
tomycin and amphotericin B (Sigma-Aldrich, St. Louis,
MO, United States). The experiments of stimulation were
performed on 96-well culture plates (BD Falcon, Franklin
Lakes, NJ, United States) seeded with cells cultured for 2
d with a final density of 100000 cells/well.

Measurement of the secretion of CCL20 by HEC-1A cells
HIV- or HIV+ seminal plasmas diluted 1:10 in culture
medium were added to the HEC-1A cells. Recombinant
human interleukin 1 beta (IL-1f) (Peprotech, Neuilly-
Sur-Seine, France) at the concentration 25 ng/mL was
used as positive control, as previously reportedmo]. Cul-
ture medium DMEM-F12 served as negative control.
After an overnight incubation, the CCL20 production
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Figure 1 The Chemokine (C-C motif) ligand 20 production by HEC-1A cells
exposed to seminal plasma specimens from human immunodeficiency
virus-seronegative- or human immunodeficiency virus-seropositive+ sub-
jects as expressed by comparison to untreated cells [Chemokine (C-C mo-
tif) ligand 20 index]. Interleukin-1 beta (IL-18) was used as positive control. °P
<0.05. SP: Seminal plasma; HIV: Human immunodeficiency virus-seronegative.

was measured in the supernatants of HEC-1A cells by
using a commercial enzyme-linked immunosorbent assay
(ELISA) kit (Quantikine, R and D Systems, Abingdon,
United Kingdom) as recommended by the manufacturer.
Each assay was performed in duplicate. The results were
expressed as relative CCL20 index corresponding to the
ratio between the amount of CCL20 produced by the
specimen and the negative control (culture medium only).

Viral load in seminal plasma

The HIV-Monitor kit (Roche Diagnostic Systems, Bra-
nchburg, NJ, United States) was used to quantify the
HIV RNA in seminal plasma samples from HIV+ sub-
jects. The detection lower limit was of 50 copies/mL.
The RNA was extracted from the specimens using a
modified silica protocol (QIAmp RNA viral kit; Qiagen,
Chatsworth, CA, United States).

Measurement of lactoferrin in seminal plasma
Measurement of lactoferrin in seminal plasma specimens
was performed by ELISA technique. A standard curve
was prepared by using different concentrations of lacto-
ferrin from human milk (Sigma-Aldrich). Seminal plasma
samples (diluted 1:10 in PBS) were distributed into wells
at the concentration of 100 pL per well and incubated at
37 °C for 1 h. Albumin from chicken egg whites (Sigma-
Aldrich) was used for blocking. Lactoferrin was detected
with rabbit anti-human lactoferrin antibodies (1.3262;
Sigma-Aldrich) incubated for 1 h at room temperature
followed by peroxidase conjugated anti-rabbit antibodies
(Sigma-Aldrich). After several washes, o-phenylenediamine
was used as substrate and optical densities at 492 nm were
measured. Each assay was performed in duplicate.

Measurement of total protein in seminal plasma
The Bradford technique was used for the measurement
of the total protein content' . Seminal plasma was dilut-
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ed 1:75 in PBS and distributed in triplicate in microplate
wells under a volume of 150 uL per well in addition to
the same volume of Bradford reagent (Sigma-Aldrich).
Bovine serum albumin was used to perform the standard
curve. The reading was performed by spectrophotometry
at 590 nm.

Fractionation of seminal plasma by ion exchange
chromatography

Specimens of seminal plasma from HIV- subjects were
diluted 1:10 in 50 mmol/L NaCl pH 7.4 (buffer A) and
applied onto a column of affinity (Hitrap Q FE, GE
Healthcare Life sciences, Velizy-Villacoublay, France)
equilibrated at room temperature with the same buffer. A
discontinuous gradient was used for the elution of semi-
nal plasma proteins by using six different concentrations
(5%, 10%, 20%, 30%, 40%, 50%) of a buffer contain-
ing 500 mmol/L NaCl (buffer B). Buffer B was passed
through the column at a flow rate of 0.5 mI./min using
the HPLC AKTA purifier system (GE Healthcare Life
sciences). The successive fractions were tested for their
capability to induce the secretion of CCL20 by HEC-1A
cells as well as for lactoferrin and total protein content as
described above.

Statistical analysis

The data expressed in experimental units are presented as
mean * SD. Statistical analyses wete performed using the
GraphPad Prism software (San Diego, CA, United States).
The Mann-Whitney test was used to compare two means.
Cortelations were analyzed using the Spearman’s r test. P
values < 0.05 were considered as statistically significant.

RESULTS

Seminal plasma promotes the induction of secretion of
CCL20 by HEC-1A cells

The secretion of CCL20 was measured by ELISA in the
supernatants of HEC-1A cells incubated for 17 h with
culture medium DMEM-F12 only (negative control), IL-
1B (25 ng/mL, positive control) or each of 34 seminal
plasma specimens (22 from HIV+ subjects and 12 from
HIV- subjects) diluted 1:10 in DMEM-F12. The CCL20
stimulation was expressed in number of times its produc-
tion increased in comparison to untreated cells (CCL20
index). IL-1f used as positive control was responsible
for an increase of 11.36 £ 3.36 times in the production
of CCL20. The mean production of CCL20 by HEC-
1A in presence of seminal plasma from HIV- and HIV+
subjects was increased by respectively 5.38 * 0.91 and 7.57
T 3.26 times with comparison to untreated cells (nega-
tive control). The difference between the two groups was
statistically significant (P < 0.05 by Mann-Whitney test)

(Figure 1).

CCL20 production by HEC-1A cells correlated with
lactoferrin in seminal plasma
Using the same 34 specimens of seminal plasma (12
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Figure 2 Correlation between total protein (A) or lactoferrin concentrations (B) and Chemokine (C-C motif) ligand 20 production by HEC-1A cells stimulat-
ed with seminal plasma. Seminal plasma from HIV-negative (open triangles) or HIV-positive subjects (closed circles). Lf: Lactoferrin; HIV: Human immunodeficiency

virus-seronegative. CCL20: Chemokine (C-C motif) ligand 20.

from HIV- and 22 from HIV+ subjects), no correlation
was observed between the concentration of total proteins
in seminal plasma and their ability to stimulate the secre-
tion of CCL20 by HEC-1 cells (Figure 2A). In contrast,
the ability to produce CCL20 by HEC-1A cells positively
correlated to the concentration of lactoferrin in the semi-
nal plasma samples (r coefficient = 0.56; CI: 0.26-0.76; P
< 0.001 by the Spearman’s r test) (Figure 2B).

Seminal plasma fractions with the highest
concentrations of lactoferrin were responsible for the
greatest stimulation of CCL20 by HEC-1A cells

In order to verify whether lactoferrin present in seminal
plasma was responsible for the production of CCL20
by HEC-1A cells, the proteins from a pool of seminal
plasma specimens from 12 HIV- subjects were fraction-
ated by ion exchange chromatography. Each fraction was
then tested for its ability to stimulate the production of
CCL20 and for its concentration of lactoferrin and total
proteins (Figure 3).

As shown in Figure 3B, the amount of CCL20 pro-
duced by HEC-1A cells was closely related to the con-
centration of lactoferrin present in the plasma fraction
(r=0.8942, CI: 0.7773-0.9514, P < 0.0001 by the Spear-
man’s 7 test). Fractions with the greatest concentration
of lactoferrin (fractions 1, 3-5, 7-9, 10-13 in Figure 3B)
corresponded to those exhibiting the highest capacity for
inducing the production of CCL20 by HEC-1A cells.

Correlation between viral load in seminal plasma from
HIV+ subjects and its ability to stimulate the production
of CCL20 by HEC-1A cells

From the 22 seminal plasma specimens from subjects
tested seropositive for HIV, the 5 samples exhibiting
a detectable viral load (> 50 copies/mL) increased the
production of CCL20 by a factor of 10.3 + 4.2 times as
compared to the negative control whereas the 17 samples
with undetectable viral load (< 50 copies/mL) stimulated
the production of CCL20 by a factor of 6.7 + 2.6 times
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with reference to the negative control. A trend was ob-
served between the 2 groups but the difference was not
statistically significant due to the small size of effectives
(Figure 4).

DISCUSSION

Heterosexual route is the most common way for HIV

transmission resulting in a significant increase of HIV-
12,13

infected women in recent years'>'”, Women are more
susceptible to HIV transmission, notably because of the
large size of genital mucosa that is exposed to semen and
also because semen contains higher concentrations of
virus than vaginal fuid"".

Seminal plasma confers a survival advantage to sper-
matozoids within the relative hostile environment of the
female genital tract”. However, more recent studies have
shown that seminal plasma is able to provide to vaginal
mucosa a set of signaling molecules that are capable of
interacting with epithelial cells of the female reproductive
tract, these interactions triggering molecular and cellular
changes that resemble an inflammatory responsem]

Signaling molecules present in seminal plasma may
increase the secretion of chemokines and cause vascular
changes that lead to the recruitment and activation of
macrophages, granulocytes and DCs'"” including T.Cs"".
LCs present in the vaginal mucosa are known as “Irojan
horse” that facilitate the passage of HIV through the
vaginal mucosa and present them to the CD4+ cells™,
CCL20 is the main chemokine involved in the rectruit-
ment of LCs and its production by epithelial cells could
be related to an increased risk of HIV infection. In this
way, Li ez al™” demonstrated that the reduction of CCL20
secretion by epithelial cells treated with glycerol mono-
laurate, a vaginal microbicide, prevented the mucosal
transmission of Simian Immunodeficiency Virus. These
data are an additional argument for the determining role
of CCL20 in the contamination process by HIV.

In this study, we found that seminal plasma was able
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stimulation of HEC-1A cells by each fraction (closed squares) and its concentration in lactoferrin expressed in pg/mL (closed circles).

to stimulate the production of CCL20 by HEC-1A, with
a statistically significant advantage for that originated
from HIV+ patients as compared to HIV- subjects.
These results confirm those previously published by our
team'"” that showed a higher increase in the production
of CCL20 by the SiHa cell line derived from vaginal
epithelium when stimulated with seminal plasma from
HIV+ subjects, however without statistical significance.
Sharkey e al'” also showed that human seminal plasma is
capable of interacting with cervical and vaginal tissues for
inducing the production of proinflammatory cytokines.
Cremel ¢z a/" demonstrated that vaginal epithelial cells
increased the secretion of CCL20 in response to stimula-
tion by proinflammatory cytokine IL-1f. The present
study shows that seminal plasma from HIV+ and HIV-
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subjects produces similar effects on the cells lining the
endocervical monostratified (HEC-1A), suggesting that
seminal plasma contains components able to generate a
response, even if not specific, in the female genital mu-
cosa, mediated by CCL20 secretion.

One of the potential candidates that could stimu-
late CCL20 secretion by female genital epithelial cells
is lactoferrin, a globular glycoprotein of the transferrin
family with a molecular mass of 80 kDa and present in
large amounts in various secretions. Lactoferrin is con-
sidered as an important element of nonspecific humoral
immunity and was shown to exhibit a protective effect,
particularly against HIV because of its interference with
the viral gp 120 and Dendritic Cell-Specific Intercellular
adhesion molecule-3-Grabbing Non-integrin receptor

May 12,2014 | Volume 3 | Issue2 |



Lourengo AG et a/. Semen lactoferrin promotes epithelial CCL20 release

20
P =0.06

15+

10 |-

CCL20 index

VL < 50 copies/mL
n=17

VL > 50 copies/mL
n=>5

Figure 4 The Chemokine (C-C motif) ligand 20 production by HEC-1A cells
treated with seminal plasma from human immunodeficiency virus-positive
subjects with either detectable viral load > 50 copies/mL or undetectable viral
load (< 50 copies/mL). CCL20: Chemokine (C-C motif) ligand 20; VL: Viral load.

receptor”. In contrast, other studies have reported
that some peptides from the cleavage of this protein by
elastase or proteinase type Il enzymes exhibit a strong
pro-inflammatory activity in different mucosae™>. In
this study, we found a positive correlation between the
concentration of lactoferrin in seminal plasma and the
production of CCL20 stimulated by HEC-1A, even if it
cannot be excluded that an additional factor could con-
tribute to this activation. Another finding of our study
that suggests the participation of lactoferrin or its cleav-
age products as activating factors of increased secretion
of CCL20 by genital mucosal cells is the result obtained
after chromatography fractionation performed on a pool
of seminal plasma samples from HIV- subjects (the vol-
ume of seminal plasma was not enough to perform the
same experiments with seminal plasma samples from
HIV+ subjects). Indeed, the fractions that were the most
efficient for CCL20 secretion stimulation were those
containing the highest concentration of lactoferrin. The
fact that the lactoferrin activity was distributed in dis-
continuous pattern along the chromatogram (Figure 3B)
could be explained by the tetrameric conformation of the
protein that can correspond to associations of different
molecular masses, and also by the contribution of degra-
dation products of lactoferrin after enzymatic digestion,
which were shown to exhibit a strong pro-inflammatory
effect™,

Interestingly, as shown in Figure 4 for the subgroup
of HIV+ subjects, the specimens exhibiting high viral
loads were shown to stimulate more efficiently the pro-
duction of CCL20 (although the difference did not reach
statistical significance due to the small size of effectives);
this finding is an additional evidence for the existence
of a correlation between the HIV load of seminal frac-
tions and their ability to promote CCL20 stimulation.
Viral shedding in seminal plasma was recently shown to
be closely related to the presence of high levels of pro-
inflammatory cytokines, including granulocyte colony
stimulating factor, tumor necrosis factor-alpha, interfer-
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on-gamma and IL-10%". In the light of the above discus-
sion regarding lactoferrin, it can be hypothesized that the
amount of pro-inflammatory components derived from
this protein may be higher in HIV+ than in HIV- sub-
jects, and notably in those with high seminal HIV load.

All these data argue in favor of a significant role of
lactoferrin or its degradation products on CCL20 secre-
tion by female genital mucosa. Despite the need of com-
plementary studies for confirming these findings, our re-
sults are indicative of the role of some of these proteins
in HIV transmission through the female epithelium tract
and suggest that they must be taken into consideration
for the prevention of HIV heterosexual contamination
process. From a clinical point of view, it would be useful
to identify the molecules implicated in this facilitation in
order to develop intra-vaginal products capable of neu-
tralizing their activity.
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Background

Sexual transmission of human immunodeficiency virus type 1 (HIV-1) accounts
for 60% to 90% of new infections, especially in developing countries. During
male-to-female transmission, in the absence of breaches in the genital mucosa,
the epithelium crossing by HIV could occur through the recruitment of immune
cells with migratory properties, such as macrophages, lymphocytes or Langer-
hans cells.
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The Chemokine (C-C motif) ligand 20 (CCL20) secretion by human vaginal epi-
thelial cells has been shown to be enhanced in the presence of semen resulting
in chemoattraction of Langerhans cells that are permissive to HIV infection, but
the compound(s) involved in this stimulation is (are) not yet characterized.
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In the present study, seminal plasma was shown to promote the induction of
secretion of CCL20 by monolayers of endocervical epithelium cells (HEC-
1A cell line). The effect was significantly higher with seminal plasma from HIV
seropositive than HIV seropositive subjects. CCL20 production by HEC-1A cells
correlated with the concentration of lactoferrin in seminal plasma. After frac-
tionation of seminal plasma, those with the highest concentrations of lactoferrin
were responsible for the greatest stimulation of CCL20 by HEC-1A cells. In
conclusion, lactoferrin present in seminal plasma correlated with an increased
production of CCL20 by HEC-1A cells and therefore could facilitate HIV entry
through the genital mucosa.
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Lactoferrin itself or, more likely, some of its degradation products could facilitate
HIV entry through the recruitment of immune cells. It would be interesting to
characterize precisely the molecules involved in this phenomenon in order to
evaluate if they may constitute a target for antiviral protection.
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The CCL20 is an important immune effector molecule that is able to attract imma-
ture immune cells. Lactoferrin is a globular glycoprotein of the transferrin family
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is considered as an important element of nonspecific humoral immunity.
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