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Abstract:

The aim of this study was to evaluate the effects of lactoferrin (LF) on the growth of fibroblasts derived from nasal polyps. We
showed that the proliferation of fibroblasts was inhibited in a dose-dependent manner by both native and recombinant LF. The
greatest inhibition of proliferation was caused by human milk-derived, iron-saturated LF. The inhibition of fibroblast proliferation
was not species specific because bovine LF also was active. The interaction between LFs and a putative cell receptor did not depend
on the sugar composition of the glycan moiety of the LF molecule because lactoferrins of different origins were active and the addi-
tion of monosaccharides to the cultures did not block proliferation. However, the treatment of fibroblasts with sodium chlorate
(an inhibitor of glycosaminoglycan sulfation) or the addition of heparin abolished the inhibitory effect of LF, suggesting that LF binds
heparan sulfate-containing proteoglycans. The significance of LF in nasal excretions in controlling polyp formation is discussed.
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Introduction

Nasal polyposis is an inflammatory disorder of the si-
nonasal mucosa of unknown etiology. Chronic in-
flammation causes a reactive hyperplasia of the intra-
nasal mucosal membrane, which results in the forma-
tion of polyps. Nasal polyps (NP) consist of columnar
ciliated and stratified squamous epithelium covering
swollen connective tissue built with fibroblasts, di-
lated capillaries and venous channels [29]. Upon
stimulation, fibroblasts, via production of collagens
and fibronectin, promote extracellular matrix genera-

tion, tissue remodeling and, consequently, stromal and
epithelial abnormalities [35]. NPs are characterized
by intense tissue eosinophilia that is subsequently as-
sociated with a T-helper type 2 cytokine profile [3].
Only a small proportion of NPs can be connected
with genetic disorders. In the majority of cases, the
etiopathology is multifactorial, often related to both
the host and the environment. The factors influencing
NP development include altered local homeostasis of
nasal mucosa, bacterial and fungal colonization, al-
lergy, neurovascular factors and poorly understood
disturbances of the innate defense system [5].
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Mucosal secretions play a crucial role in nonspe-
cific defense against pathogens [28]. Lactoferrin (LF)
represents one of the major components of mammal-
ian secretions and plays numerous roles in innate and
adaptive immunity [46]. LF belongs to the family of
proteins involved in iron metabolism. The protein exists
in two separate reservoirs, in body secretions [24] and
in neutrophils [15]. Receptors for LF can be found in
nearly all organs and cell types [38]. LF can interact
with, among others, major cell receptors associated with
innate immunity such as the mannose receptor [45],
CD14 [13], toll-like receptors [11], CD169 sialoadhe-
sin [10] and heparan sulfate [25].

The predominant role of LF is associated with non-
specific defense against pathogens including bacteria
[8], fungi [40], viruses [36] and parasites [20]. LF
regulates myelopoiesis [1], promotes maturation of T
[47] and B cells [48] and exhibits adjuvant activity
[17, 45]. Its important roles in host defense include anti-
inflammatory properties [4], in particular anti-oxidant
actions [19]. LF was also found to inhibit mitogen-
induced proliferation and the mixed lymphocyte reaction
of human peripheral blood mononuclear cells [49], to in-
duce apoptosis of the Jurkat leukemia T cell line [22] and
to arrest the growth of human carcinoma cells [12].

LF levels are increased in nasal secretions of subjects
with allergen-induced rhinitis [32]. The cellular
source of both lactoferrin and lysozyme has been
identified as serous cells of the submucosal glands
[33]. Reports on the expression and presence of the
protein in NP tissue and nasal secretions are rare and
have not consistently demonstrated an increase [23,
43] or decrease [30, 31] in the LF level in polyp tis-
sues. Additionally, no expression or downregulation of
LF genes has been observed in nasopharyngeal carci-
noma [42, 44]. In addition, despite higher LF expres-
sion in the submucosal tissue of NPs, the epithelial
cells stained negatively for LF [43]. Hence, we as-
sumed that the majority of reports demonstrated de-
creased LF levels in nasal secretions.

In view of these findings, we hypothesized that de-
creased expression of LF could be one of the etiologi-
cal factors disturbing the local homeostasis of the na-
sal mucosa. Therefore, the aim of this study was to
evaluate the effect of LF on the growth of NP fibro-
blasts and to characterize putative cell receptors for
LF on cultured fibroblasts.
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Materials and Methods

Reagents

All reagents were purchased from Sigma-Aldrich
unless otherwise stated. TLR2 and TLR4 antibodies
were from eBioscience, pyrogen-free heparin was ob-
tained from SERVA, and bovine milk lactoferrin (BLF)
was purchased from Morinaga Milk (Tokyo, Japan).
Human milk lactoferrin (HLF) and iron-saturated hu-
man milk lactoferrin (HLF-iron) were from Sigma-
Aldrich (cat. No. L0520 and L3770, respectively).

NP specimens

All subjects met the diagnostic criteria for chronic rhi-
nosinusitis as established by the Task Force on Rhi-
nosinusitis (AAO-HNS) [21]. Patients had been free
of any medication for at least 4 weeks prior to surgery
and had bilateral polyps in the nasal cavities identified
by endoscopic examination and computed tomography
(CT). The presence of comorbidities or smoking his-
tory was also cause for exclusion. NP were removed
from the ethmoid during standard polypectomy or
functional endoscopic sinus surgery in the ENT De-
partment of the Wroclaw Medical University.

NP specimens were immediately disinfected with
Betadine, rinsed in phosphate-buffered saline (PBS),
cut into small pieces and placed into a sample tube
containing 1 ml PBS. The tubes were directly trans-
ported on ice to the laboratory for further analysis.
A part of each sample was fixed in 10% buffered neu-
tral formalin, processed routinely, and embedded in
paraffin wax for subsequent immunohistochemical
examination to verify the diagnosis and to exclude
other pathologies.

Informed consent was obtained from each patient.
The study was approved by the Local Ethical Com-
mittee of Wroclaw Medical University.

Establishment of fibroblast cultures

NP biopsy samples were minced and incubated in
a digestion mixture at 37°C for 2 h. The digestion
mixture consisted of 5 ml of RPMI 1640 with 5% fe-
tal calf serum (FCS), 0.2% clostridial collagenase
type I and 0.005% deoxyribonuclease. When the dis-
sociation of the tissue was complete, 0.5 ml of Hanks
medium (Mg”"- and Ca®"-free) with 5% FCS and 25
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mM EDTA was added for 15 min. After incubation,
the cells were washed twice with Hanks’ medium and
subsequently cultured in flasks containing culture medium,
which was composed of RPMI 1640 with 10% FCS, L-
glutamine, sodium pyruvate, 2-mercaptoethanol and antibi-
otics. The medium was replaced every 6 days. For the ex-
periments, the cells were detached from the culture
flasks by treatment with 0.05% trypsin-EDTA fol-
lowed by two washes with Hanks’ medium.

Statistics

The data are presented as the mean = SEM. All statis-
tics were calculated using Statistica 7. The normality
of the distributions and the homogeneity of the vari-
ance were tested. The differences between groups
were analyzed using ANOVA, and Tukey’s post-hoc
test was applied. A level of p <0.05 was considered to
be significant.

Results

Growth inhibition of polyp-derived fibroblasts
by various molecular forms of LF

Fibroblasts isolated from NPs obtained from patients
with chronic rhinosinusitis were incubated for 6 days
with various molecular forms of human lactoferrin
(native and iron-saturated forms) and bovine (xenoge-
neic) LF in the concentration range of 1-25 pg/ml
(Fig. 1). Dexamethasone (DEX) (50-0.05 pg/ml)
served as a reference drug. Only data on the prolifera-
tion of NP fibroblasts isolated from three patients
(two males and one female), randomly chosen from
a group of six patients with chronic rhinosinusitis, are
presented. The results showed that cell proliferation
was inhibited, in a dose-dependent manner, by both
human and bovine LF. To evaluate the effect of the
iron saturation of LF on its ability to suppress fibro-
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Fig. 1. The effect of lactoferrin (LF) on the growth of human fibroblasts in vitro. Fibroblasts isolated from nasal polyps of patients (n = 3) (5 x 10*
cells/well) were incubated in the presence or absence of various concentrations of native or iron-saturated human milk lactoferrin (HLF) or bo-
vine milk lactoferrin (BLF) for 6 days at 37°C. After the incubation period, the level of cell proliferation was determined using a colorimetric
method (MTT) [16]. Values represent the means + SEM of quadruplicate cultures. * p < 0.05, ** p < 0.01, *** p < 0.001 significantly different with

respect to the control culture
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Fig. 2. TLR2 and TLR4 antibodies did not abrogate the inhibitory activity of iron-saturated human milk lactoferrin (HLF). Human fibroblasts (5 x
10* cells/well) isolated from the nasal polyps of patient no. 3, who suffered from chronic rhinosinusitis, were left untreated or were pretreated
with 2.5 pg/ml of Ab to TLR2 or TLR4 (30’) before the addition of iron-saturated HLF (25 pg/ml). After the incubation period, the level of cell prolif-

eration was determined using a colorimetric method (MTT) [16]. Values represent the means + SEM of quadruplicate cultures. *** p < 0.001 sig-
nificantly different with respect to the control culture
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Fig. 3. Different monosaccharides had no effect on the inhibitory activity of iron-saturated human milk lactoferrin (HLF). Human fibroblasts (5 x
10* cells/well) isolated from the nasal polyps of patient no. 3, who suffered from chronic rhinosinusitis, were incubated in the presence or ab-
sence of 0.25 mM or 0.025 mM of different monosaccharides (a-methyl-D-mannopyranoside (MM), L-fucose (Fuc), sialic acid (Sia)) and iron-
saturated HLF (25 pg/ml) for 6 days at 37°C. After the incubation period, the level of cell proliferation was determined using a colorimetric

method (MTT) [16]. Values represent the means + SEM of quadruplicate cultures. *** p < 0.001 significantly different with respect to the control
culture
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Fig. 4. Effect of sodium chlorate treatment of fibroblasts isolated from the nasal polyps of patient no. 3, who suffered from chronic rhinosinusitis,
on the inhibitory activity of human milk-derived iron-saturated lactoferrin. Fibroblasts were (A) untreated, (B) preincubated with 20 mM sodium
chlorate for 48 h, or (C) preincubated (48 h) and co-cultured with 20 mM sodium chlorate for next 6 days. Cells were incubated in the presence
or absence of iron-saturated human milk lactoferrin (HLF) for 6 days at 37°C. After the incubation period, cell proliferation was determined us-
ing a colorimetric method (MTT) [16]. Values represent the means + SEM of quadruplicate cultures. * p < 0.05, ** p < 0.01, *** p< 0.001 signifi-

cantly different with respect to the control culture

blast proliferation, we compared the activities of na-
tive and iron-saturated lactoferrin from human milk in
the fibroblast cultures. As shown in the figure, the in-
hibitory activity of human iron-saturated LF was dis-
tinctly higher than that of native LF. Figure 2 shows
that addition to the cultures of anti-TLR2 or anti-
TLR4 antibodies did not affect the inhibitory action of
LF on fibroblast proliferation (only data on the prolif-
eration of NP fibroblasts isolated from patient no. 3
for iron-saturated HLF are presented).

Characteristics of the LF receptor

In the next step, we attempted to characterize the na-
ture of the fibroblast receptor for HLF. Figure 3 shows
that addition of monosaccharides such as o-methyl-
-D-mannopyranoside (MM), L-fucose (Fuc), and
sialic acid (Sia) to the cultures did not affect the in-
hibitory action of LF on fibroblast proliferation (only
data on the proliferation of NP fibroblasts isolated from
patient no. 3 for iron-saturated HLF are presented). In
contrast, treatment of cells with sodium chlorate (Fig. 4)

or with heparin (Fig. 5) abolished the inhibitory ac-
tivities of LF.

Discussion

In this work, we demonstrated for the first time that
LF, an important element of nasal exudates, can in-
hibit the growth of fibroblasts derived from NPs. The
inhibition was stronger in the case of iron-saturated
LF and involved a receptor containing heparan sul-
fate.

The concentration of LF in saliva and nasal secre-
tions, which is increased in pathological conditions
[23, 43], might indicate a requirement for this protein
to counteract inflammatory reactions. It is conceiv-
able that different mechanisms account for the an-
tagonistic effects of LF that could directly or indi-
rectly affect the formation of NPs. First, LF has been
shown to reduce allergen-induced increases in cellular
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Fig. 5. Inhibition of the activity of iron-saturated human milk lactoferrin (HLF) by heparin. Human fibroblasts (5 x 10* cells/well) isolated from the
nasal polyps of patient no. 3, who suffered from chronic rhinosinusitis, were incubated in the presence or absence of heparin (10-0.1 pg/ml)
and iron-saturated HLF (25 pg/ml) for 6 days at 37°C. After the incubation period, cell proliferation was determined using a colorimetric method
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reactive oxygen species and to reduce the accumula-
tion of eosinophils in the airways and subepithelium
of intranasally challenged sensitized mice [19].
Moreover, LF inhibits eotaxin-stimulated eosinophil
migration, independent of the source of the LF (milk- or
neutrophil-derived) [9]. Orally administered LF also
decreased the eosinophil content in the circulating
blood of cyclophosphamide-treated mice [2]. These
findings are relevant to this study because the NPs
were diagnosed as the eosinophilic type, so LF could
have a potential therapeutic effect by inhibiting eosi-
nophil infiltration. Second, the inhibition of pro-
inflammatory cytokines [4] may play a role in the
antiproliferative action of LF because the activity of
basic fibroblast growth factor (bFGF) is stimulated by
TNFa [39]. In addition, as discussed below, LF may
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compete with bFGF for the cellular receptor [14].
However, inhibition of metalloproteinase 2, which is
involved in the pathogenesis of NP [7] by LF and acts
as a metalloproteinase inhibitor via zinc chelation
[26], is not likely because iron-saturated LF is more
inhibitory than native LF. Although TLRs are present
on fibroblasts [27] and LF may interact with TLRs
[11], anti-TLR antibodies did not have an effect on LF
activity in our study. This observation is important be-
cause LF binds endotoxins; thus, the potential pres-
ence of endotoxin in the nasal cavity could interfere
with the inhibitory activity of LF.

In addition, inclusion of monosaccharides in the
cell cultures did not inhibit LF activity, excluding
a role of receptors specific for mannose or sialic acid
in the inhibitory action of LF. In contrast, the pretreat-
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ment of cells with sodium chlorate (an inhibitor of
glucosamine sulfation) or the addition of heparin
abolished the inhibitory effect of LF, suggesting that
glycosaminoglycans containing heparan sulfate are
the receptors for LF on fibroblasts. Interestingly, this
type of receptor is also used by basic fibroblast
growth factor [14], possibly suggesting a competitive
mechanism for the inhibitory action of LF.

It is not quite clear why iron-saturated LF is a more
potent inhibitor of cell proliferation than native LF.
Binding of the glycosaminoglycan by human LF
requires the cooperation of two distant sequences on
the folded LF molecule, forming a cationic cradle as
a binding site for chondroitin sulfate [25]. In contrast,
iron binding is accompanied by a conformational
change in the LF molecule [6]. It is, therefore, likely
that higher saturation of LF with iron favors a more op-
timal conformation of the binding site.

This is a preliminary report that does not provide
insight into the molecular mechanisms leading to the
inhibition of fibroblast cell growth by LF. In the case
of nasopharyngeal carcinoma, the inhibitory effects of
LF are associated with cell cycle arrest at the GO/G1
phase, downregulation of cyclin D1 expression and
modulation of mitogen-activated protein kinase activ-
ity [44]. The study on breast carcinoma cells revealed,
on the other hand, growth arrest at the G1 to S cell cy-
cle transition and modulation of the activity of key G1
regulatory proteins by LF [12]. Last, in leukemia T
cells, LF caused apoptosis via regulation of c-Jun N-
terminal kinase [22]. It is therefore likely that the
mechanism of the inhibitory effect of LF on the pro-
liferation of NP fibroblasts may share some of the
molecular events mentioned above.

It is intriguing that LF does not provide sufficient
protection against excessive cell proliferation despite
the relatively high concentrations of this protein in na-
sal secretion [34]. It should be noted, however, that
LF does not exist in body excretions as a free mole-
cule, but, instead, it forms complexes with other pro-
teins crucial for innate immunity [37].

The results of this study suggest that exogenously
applied LF may have therapeutic applications in con-
trolling NP growth, as in the case of glucocorticoids
[41]. Such a presumption is further supported by the
results of a clinical study demonstrating the inhibition
of adenomatous colorectal polyps by orally adminis-
tered LF [18]. To date, no side effects have been iden-
tified resulting from LF treatment and, more impor-
tantly, LF is a natural constituent of nasal secretions.

Acknowledgments:

The authors thank Ms. Zofia Sonnenberg for her excellent technical
assistance. The study was supported by a statutory grant from the
Polish Ministry of Education, No. 4/2008, for the Institute of
Immunology, Polish Academy of Sciences, Wroctaw, Poland and
by the Ministry of Science and Higher Education (Poland), Grant
No. 1043/B/P01/2007/33

References:

1. Artym J, Zimecki MP: The effect of lactoferrin on
myelopoiesis: Can we resolve the controversy? Post Hig
Med Dosw, 2007, 61, 129-150.

2. Artym J, Zimecki M, Kruzel M: Normalization of pe-
ripheral blood cell composition by lactoferrin in
cyclophosphamide-treated mice. Med Sci Monit, 2004,
10, BR84-89.

3. Bachert C, Gevaert P, Holtappels G, Cuvelier C, van
Cauwenberge P: Nasal polyposis: from cytokines to
growth. Am J Rhinol, 2000, 14, 279-290.

4. Baveye S, Elass E, Mazurier J, Spik G, Legrand D:
Lactoferrin: a multifunctional protein involved in the
modulation of the inflammatory process. Clin Chem Lab
Med, 1999, 37, 281-286.

5. Bernstein JM: Update on the molecular biology of nasal
polyposis. Otolaryngol Clin North Am, 2005, 38, 1243-1255.

6. Bezwoda WR, Mansoor N: Lactoferrin from human
breast milk and from neutrophil granulocytes. Compara-
tive studies of isolation, quantitation, characterization
and iron binding properties. Biomed Chromatogr, 1989,
3, 121-126.

7. Bhandari A, Takeuchi K, Suzuki S, Harada T, Hayashi S,
Imanaka-Yoshida K, Yoshida T, Majima Y: Increased ex-
pression of matrix metalloproteinase-2 in nasal polyps.
Acta Otolaryngol, 2004, 124, 1165-1170.

8. Bhimani RS, Vendrow Y, Furmanski P: Influence of
lactoferrin feeding and injection against systemic staphy-
lococcal infections in mice. J Appl Microb, 1999, 86,
135-144.

9. Bournazou I, Mackenzie KJ, Duffin R, Rossi AG, Greg-
ory CD: Inhibition of eosinophil migration by lactofer-
rin. Immunol Cell Biol, 2010, 88, 220-223.

10. Choi B-K, Actor JK, Rion S, d’Anjon M, Stadheim TA,
Warbuton S, Giacone E et al.: Effect of terminal
N-acetylneuraminic acid on in vitro secondary humoral
immune response. Glycoconjugate J, 2008, 25, 581-593.

11. Curran Cs, Demick KP, Mansfield JM: Lactoferrin acti-
vates macrophages via TLR-4-dependent and-independent
signaling pathways. Cell Immunol, 2006, 242, 23-30.

12. Damiens E, El Yazidi I, Mazurier J, Duthille I, Spik G,
Boilly-Marer Y: Lactoferrin inhibits G1 cyclin-
dependent kinase during growth arrest of human breast
carcinoma cells. J Cell Biochem, 1999, 74, 486-498.

13. Elass-Rochard E, Legrand D, Salmon V, Roseanu A,
Trif M, Tobias PS, Mazurier J, Spik G: Lactoferrin inhib-
its the endotoxin interaction with CD14 by competition
with the lipopolysaccharide-binding protein. Infect Im-
mun, 1998, 66, 486—491.

Pharmacological Reports, 2010, 62, 1139-1147 1145



15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

1146

. Fannon M, Forsten KE, Nugent MA: Potentiation and in-

hibition of bFGF binding by heparin: a model for regulation
of cellular response. Biochemistry, 2000, 39, 1434-1445.
Guttenberg TJ, Rokke O, Andersen O, Jorgensen T:
Early fall of circulating iron and rapid rise of lactoferrin
in septicemia and endotoxemia: an early defense mecha-
nism. Scand J Infect Dis, 1989, 21, 709-715.

Hansen MB, Nielsen SE, Berg K: Re-examination and
further development of a precise and rapid dye method
for measuring cell growth/kill. J Immunol Methods,
1989, 119, 203-210.

Hwang SA, Wilk K, Kruzel ML, Actor JK: A novel hu-
man lactoferrin augments the BCG vaccine and protects
alveolar integrity upon infection with Mycobacterium
tuberculosis in mice. Vaccine, 2009, 27, 3026-3034.

. Kozu T, linuma G, Ohashi Y, Saito Y, Akasu T, Saito D,

Alexander DB et al.: Effect of orally administered bo-
vine lactoferrin on the growth of adenomatous colectoral
polyps in a randomized, placebo-controlled clinical trial.
Cancer Prev Res (Phila), 2009, 2, 975-983.

Kruzel ML, Bacsi A, Choudhury B, Sur S, Boldogh I:
Lactoferrin decreases pollen antigen-induced allergic
airway inflammation in a murine model of asthma.
Immunology, 2006, 119, 159-166.

Kruzel ML, Harari Y, Chen CY, Castro GA: The gut.

A key metabolic organ protected by lactoferrin during
experimental systemic inflammation in mice. Adv Exp
Med Biol, 1998, 443, 167-173.

Lanza DC, Kennedy DW: Adult rhinosinusitis defined.
Otolaryngol Head Neck Surg, 1997, 117, 1-7.

Lee SH, Park SW, Pyo CW, Yoo NK, Kim J, Choi SY:
Requirement of the JNK-associated Bcl-2 pathway for
human lactoferrin-induced apoptosis in the Jurkat leuke-
mia T cell line. Biochimie, 2009, 91, 102—108.

Liu Z, Kim J, Sypek JP, Wang IM, Horton H,
Oppenheim FG, Bochner BS: Gene expression profiles
in human nasal polyp tissues studied by means of DNA
microarray. J Allergy Clin Immunol, 2004, 114,
783-790.

Lonnerdal B, Iyer S: Lactoferrin: molecular structure and
biological function. Annu Rev Nutr, 1995, 15, 93—110.
Mann DM, Romm E, Migliorini M: Delineation of the
glycosaminoglycan-binding site in the human inflamma-
tory response protein lactoferrin. J Biol Chem, 1994,
269, 23661-23667.

Newsome AL, Johnson JP, Seipelt TL, Thompson MW:
Apolactoferrin inhibits the catalytic domain of matrix
metalloproteinase-2 by zinc chelation. Biochem Cell
Biol, 2007, 85, 563-572.

Nonaka M, Fukumoto A, Ogihara N, Pawankar R,
Sakanushi A, Yagi T: Expression of MCP-4 by TLR
ligand-stimulated nasal polyp fibroblasts. Acta Otolaryn-
gol, 2007, 127, 1304-1309.

Ogra PL: Developmental aspects of the mucosal immune
system: role of external environment, mucosal micro-
flora and milk. Adv Exp Med Biol, 2009, 639, 41-56.
Pawankar R: Nasal polyps: an update: editorial review.
Curr Opin Allergy Clin Immunol, 2003, 3, 1-6.

Psaltis AJ, Wormald PJ, Ha KR, Tan LW: Reduced levels
of lactoferrin in biofilm —associated chronic rhinosinusi-
tis. Laryngoscope, 2008, 118, 895-901.

Pharmacological Reports, 2010, 62, 1139-1147

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Psaltis AJ, Bruhn MA, Ooi EH, Tan LW, Wormald PJ:
Nasal mucosa expression of lactoferrin in patients with
chronic rhinosinusitis. Laryngoscope, 2007, 117,
2030-2035.

Raphael GD, Igarashi Y, White MW, Kaliner MA:

The pathophysiology of rhinitis. V. Sources of protein

in allergen-induced nasal secretions. J Allergy Clin Im-
munol, 1991, 88, 33-42.

Raphael GD, Jeney EV, Baraniuk JN, Kim I, Meredith
SD, Kaliner MA: Pathophysiology of rhinitis. Lactofer-
rin and lysozyme in nasal secretions. J Clin Invest, 1989,
84, 1528-1535.

Riechelmann H, Deutschle T, Friemel E, Gross H-J,
Bachem M: Biological markers in nasal secretions.

Eur Respir J, 2003, 21, 600-605.

Rinia AB, Kostamo K, Ebbens FA, van Drunen CM,
Fokkens W1J: Nasal polyposis: a cellular-based approach
to answering questions. Allergy, 2007, 62, 348-358.
Sato R, Inanami O, Tanaka Y, Takese M, Naito Y: Oral
administration of bovine lactoferrin for treatment of in-
tractable stomatitis in feline immunodeficiency virus
(FIV)-positive and FIV-negative cats. Am J Vet Res,
1996, 57, 1443—-1446.

Soares RV, Lin T, Siqueira CC, Bruno LS, Li X,
Oppenheim FG, Oftner G, Troxler RF: Salivary micelles:
identification of complexes containing MG2, slgA,
lactoferrin, amylase, glycosylated proline-rich protein
and lysozyme. Arch Oral Biol, 2004, 49, 337-343.
Suzuki YA, Lopez V, Lonnerdal B: Mammalian lactofer-
rin receptors: structure and function. Cell Mol Life Sci,
2005, 62, 2560-2575.

Uchida J, Kanai K, Asano K, Watanabe S, Hisamitsu T,
Suzaki H: Influence of fluticasone propionate on the
production of vascular endothelial factor and basic
fibroblast growth factor from nasal fibroblasts in vitro.
In Vivo, 2004, 18, 767-770.

Wakabayashi H, Abe S, Okutomi T, Tansho S, Kawase K,
Yamaguchi H: Cooperative anti-candida effects of lacto-
ferrin or its peptides in combination with azole antifun-
gal agents. Microbiol Immunol, 1996, 40, 821-825.
Watanabe K, Shirasaki H, Kanaizumi E, Himi T: Effects
of glucocorticoids on infiltrating cells and epithelial cells
of nasal polyps. Ann Otol Rhinol Laryngol, 2004, 113,
465-473.

Yi HM, Li H, Peng D, Zhang HJ, Wang L, Zhao M,

Ya KT, Ren CP: Genetic and epigenetic alterations of
LFT at 3p21.3 in nasopharyngeal carcinoma. Oncol Res,
2006, 16, 261-272.

Zhang L, Han D, Wang Z: Lysozyme and lactoferrin in
human uncinate process mucosa during chronic sinusitis.
Zhonghua Er Bi Yan Hou Ke Za Zhi, 1998, 33, 219-221.
Zhou Y, Zeng Z, Zhang W, Xiong W, Wu M, Tan Y,

Yi W et al.: Lactotransferrin: a candidate tumor
suppressor-deficient expression in human nasopharyn-
geal carcinoma and inhibition of NCP cell proliferation
by modulating the mitogen-activated protein kinase path-
way. Int J Cancer, 2008, 123, 2065-2072.

Zimecki M, Kocieba M, Kruzel M: Immunoregulatory
activities of lactoferrin in the delayed type hypersensitiv-
ity in mice are mediated by a receptor with affinity to
mannose. Immunobiology, 2002, 205, 120-131.



Lactoferrin inhibits fibroblast growth
Beata Nadolska et al.

46.

47.

48.

Zimecki M, Kruzel M: Milk derived proteins and pep-
tides of potential therapeutic and nutritive value. J Exp
Ther Oncol, 2007, 6, 89-106.

Zimecki M, Mazurier J, Machnicki M, Wieczorek Z,
Montreuil J, Spik G: Immunostimulatory activity of
lactotransferrin and maturation of CD4-CD8- murine
thymocytes. Immunol Lett, 1991, 30, 119-123.

Zimecki M, Mazurier J, Spik G, Kapp JA: Human lacto-
ferrin induces phenotypic and functional changes in
murine splenic B cells. Immunology, 1995, 86, 122—-127.

49. Zimecki M, Stepniak D, Szynol A, Kruzel ML: Lactofer-
rin regulates proliferative response of human peripheral
blood mononuclear cells to phytohemagglutinin and
mixed lymphocyte reaction. Arch Immunol Ther Exp,
2001, 49, 147-154.

Received:
January 8, 2010.

Pharmacological Reports, 2010, 62, 1139-1147 1147



	969	Review Œ Interleukin-1 (IL-1) in stress-induced activation of limbic-hypothalamic-pituitary adrenal axis.
	Anna G¹dek-Michalska, Jan Bugajski
	983	Important role of 3-methoxytyramine in the inhibition of cocaine sensitization by 1-methyl-1,2,3,4-tetrahydroisoquinoline: an in vivo microdialysis study.
	Agnieszka W¹sik, Irena Romañska, Lucyna Antkiewicz-Michaluk

	998	Chronic ecstasy use increases neurotrophin-4 gene expression and protein levels in the rat brain.
	Homeira Hatami, Mohammad Ali Hossainpour-Faizi, Maryam Azarfarin, Parvin Azarfam

	1005	Effects of serotonin (5-HT)6  receptor ligands on responding for cocaine reward and seeking in rats.
	Katarzyna Fija³, Agnieszka Pachuta, Andrew C. McCreary, Karolina Wydra, Ewa Nowak, Mariusz Papp, Przemys³aw Bieñkowski, Jolanta Kotliñska, Ma³gorzata Filip

	1015	Effect of metyrapone on the fluoxetine-induced change in extracellular dopamine, serotonin and their metabolites in the rat frontal cortex.
	Zofia Rogó¿, Krystyna Go³embiowska

	1023	Effects of melatonin in a place preference conditioning depend on the time of administration.
	Mariusz Papp, Ewa Litwa, Magdalena £asoñ-Tyburkiewicz, Piotr Gruca

	1030	Effects of neurosteroids on the human corticotropin-releasing hormone gene.
	Bogus³awa Budziszewska, Anna Zaj¹c, Agnieszka Basta-Kaim, Monika Leœkiewicz, Ma³gorzata Steczkowska, W³adys³aw Lasoñ, Marek Kaciñski

	1041	1-Methyl-1,2,3,4-tetrahydroisoquinoline and established uncompetitive NMDA receptor antagonists induce tolerance to excitotoxicity.
	Magdalena Kuszczyk, Marta S³omka, Lucyna Antkiewicz-Michaluk, El¿bieta Saliñska, Jerzy W. £azarewicz

	1051	Neuroprotective potential of mGluR5 antagonist MTEP: effects on kainate-induced excitotoxicity in the rat hippocampus.
	Helena Domin, Barbara Ziêba, Krystyna Go³embiowska, Magdalena Kowalska, Anna Dziubina, Maria „mia³owska

	1062	Influence of antidepressant drugs on chlorpromazine metabolism in human liver Œ an in vitro study.
	Jacek Wójcikowski, W³adys³awa A. Daniel

	1070	Amino acid metabolic processes in the temporal lobes assessed by proton magnetic resonance spectroscopy (1H MRS) in children with Down syndrome.
	Joanna „migielska-Kuzia, Leszek Boækowski, Wojciech Sobaniec, Wojciech Ku³ak, Krzysztof Sendrowski

	1078	Modulatory effect of high saturated fat diet-induced metabolic disturbances on angiogenic response in hepatocyte RXRa knockout mice.
	Urszula Ra�ny, £ukasz W¹tor, Anna Polus, Beata Kieæ-Wilk, Yu-Jui Yvonne Wan, Grzegorz Dyduch, Romana Tomaszewska, Aldona Dembiñska-Kieæ

	1090	Hemostatic effects of simvastatin in subjects with impaired fasting glucose.
	Robert Krysiak, Anna Gdula-Dymek, Bogus³aw Okopieñ

	1099	Hemostatic effects of fenofibrate in patients with mixed dyslipidemia and impaired fasting glucose.
	Robert Krysiak, Gabriela Handzlik, Bogus³aw Okopieñ

	1108	Effects of standard treatment on the dynamics of matrix metalloproteinases gene expression in patients with acute coronary syndromes.
	Andrzej Ku³ach, Józefa D¹bek, Joanna G³ogowska-Ligus, Wojciech Garczorz, Zbigniew G¹sior

	1117	Calcium mobilization by the plant estrogen ferutinin does not induce blood platelet aggregation .
	Maria Zamaraeva, Oksana Charishnikova, Ashraf Saidkhodjaev, Valery Isidorov, Magdalena Granosik, Marcin Ró¿alski, Cezary Wata³a

	1127	Role of b-adrenoceptors, cAMP phosphodiesterase and external Ca2+ on polyamine-induced relaxation in isolated bovine tracheal strips.
	Manuel Sánchez, María J. G. de Boto, Lorena Suárez, Clara Meana, Javier Bordallo, Lucía Velasco, Carmen Bordallo, Begoña Cantabrana

	1139	Lactoferrin inhibits the growth of nasal polyp fibroblasts.
	Beata Nadolska, Marcin Fr¹czek, Tomasz Krêcicki, Maja Kociêba, Micha³ Zimecki

	1148	Modulating effects of nonselective and selective phosphodiesterase inhibitors on lymphocyte subsets and humoral immune response in mice.
	Marianna Szczypka, Bo¿ena Obmiñska-Mrukowicz

	1159	Frequencies and roles of CYP3A5, CYP3A4 and ABCB1 single nucleotide polymorphisms in Italian teenagers after kidney transplantation.
	Stefano Turolo, Amedea S. Tirelli, Mariano Ferraresso, Luciana Ghio, Mirco Belingheri, Elena Groppali, Erminio Torresani, Alberto Edefonti

	1170	Anti-clastogenic potential of carnosic acid against 7,12-dimethylbenz(a)anthracene (DMBA)-induced clastogenesis.
	Shanmugam Manoharan, Subramanian Balakrishnan, Veerasamy Vinothkumar, Simon Silvan

	1178	Chemopreventive and antioxidant efficacy of (6)-paradol in 7,12-dimethylbenz(a)anthracene induced hamster buccal pouch carcinogenesis.
	Kathiresan Suresh, Shanmugam Manoharan, Mariadoss Arokia Vijayaanand, Govindasamy Sugunadevi

	SHORT COMMUNICATIONS
	1186	NMDA but not AMPA glutamatergic receptors are involved in the antidepressant-like activity of MTEP during the forced swim test in mice.
	Lucyna Pomierny-Chamio³o, Ewa Poleszak, Andrzej Pilc, Gabriel Nowak


	1191	Effects of co-treatment with mirtazapine and low doses of risperidone on immobility time in the forced swimming test in mice.
	Zofia Rogó¿

	1197	Effects of morphine and methadone treatment on mRNA expression of Ga(i) subunits in rat brains.
	Agnieszka Zelek-Molik, Ewa Taracha, Dominika Nawrat, Adam Bielawski, Ma³gorzata Lehner, Adam P³a�nik, Irena Nalepa

	content
	cont
	contents_3'2005
	contents


