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other studies ongoing in our laboratory, we obtained
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We examined the surface expression of lactoferrin
y human neutrophils. Western blot analysis with
nti-lactoferrin antibodies demonstrated the presence
f a 78- to 79-kDa band in plasma membranes isolated
rom resting neutrophils that corresponded to the 78-
o 79-kDa protein in neutrophil secondary granules.
low cytometry using FITC-conjugated anti-lacto-

errin antibodies confirmed that lactoferrin is ex-
ressed on the neutrophil surface. Preincubating the
eutrophils in acidic (pH 3.9) buffer did not alter
taining of the cells by the antibodies. Surface expres-
ion of lactoferrin was also detected on neutrophils in
hole blood. Neutrophil activation by C5a or the cal-

ium ionophore A23187 did not increase the surface
xpression of lactoferrin. Instead, the level of lactofer-
in expression detected with one of two monoclonal
ntibodies was diminished after neutrophil activa-
ion, suggesting a possible conformational change in
he lactoferrin. The surface-expressed lactoferrin may
rovide a mechanism for the interaction between

actoferrin-binding microorganisms and neutrophils.
2000 Academic Press

Key Words: neutrophil; lactoferrin; plasma mem-
rane; secondary granule; cell activation.

Lactoferrin is a 77- to 80-kDa glycoprotein synthe-
ized by glandular epithelial cells and neutrophils (1,
). Lactoferrin possesses a number of properties that,
long with its sites of origin, indicate an important role
or it in innate immunity, particularly along mucosal
urfaces, and in the host defense function of neutro-
hils. Specifically, lactoferrin inhibits bacterial growth
1, 3), is directly cytotoxic for bacteria (4–6), and in-
ibits bacterial adherence (7) and colonization (8) of
ucosal surfaces.
In neutrophils, lactoferrin is a distinguishing compo-

ent of secondary (specific) granules (2), and release of
actoferrin is often used as an index for neutrophil
ctivation at sites of inflammation. In the course of

1 To whom correspondence should be addressed. Fax: 312-942-
808. E-mail: lthomas2@rush.edu.
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esults suggesting that lactoferrin is also associated
onstitutively with neutrophil plasma membranes.
he present study was performed to evaluate this
onclusion.

ATERIALS AND METHODS

Materials. Human milk lactoferrin was purchased from Sigma
hemical Co. (St. Louis, MO). Monoclonal antibodies generated
gainst human neutrophil lactoferrin (AHN-9) (9) and human milk
actoferrin (2B8) were purchased from Pharmingen (San Diego, CA)
nd Biodesign International (Kennebunk, ME), respectively. Rabbit
ntiserum specific for human milk lactoferrin was purchased from
igma Chemical Co., and the IgG component was isolated by Protein
–Sepharose chromatography (Pierce Chemical Co., Rockford, IL).
ources of additional antibodies were: FITC-conjugated, affinity-
urified rabbit anti-human lactoferrin (Biodesign); FITC-conjugated
oat anti-mouse IgG, FITC-conjugated goat anti-rabbit IgG, and
ITC-conjugated mouse anti-human CD11b (Caltag Laboratories,
urlingame, CA); FITC-conjugated normal rabbit IgG (Sigma); and
orseradish peroxidase-conjugated goat anti-mouse IgG and horse-
adish peroxidase-conjugated goat anti-rabbit IgG (Southern Bio-
echnology Associates, Birmingham, AL). Mouse IgG1 and rabbit
gG were purchased from Pharmingen and Sigma, respectively. Re-
ombinant human C5a was purchased from Sigma, and A23187
nd human serum albumin were purchased from Calbiochem (San
iego, CA).

Isolation of neutrophil plasma membranes and secondary gran-
les. Neutrophils were isolated from venous blood of healthy adult
onors by density gradient centrifugation as described previously
10). The cells were disrupted by nitrogen cavitation (350 psi for 20
in at 4°C) (11). After centrifugation at 500g (10 min at 4°C) to pellet
nbroken cells and nuclei, plasma membrane and secondary (spe-
ific) granule fractions were isolated by centrifugation of the super-
atant on a Percoll density gradient exactly as described elsewhere
11). The plasma membrane and granule fractions were suspended in
0 mM Mops (pH 7.2) and were stored in aliquots at 270°C until use.
lasma membranes were also isolated from HL-60 cells induced
oward neutrophilic differentiation by culture for 5 days in 1.25%
e2SO (12). The HL-60 cells were disrupted by nitrogen cavitation in

isruption buffer (10 mM Hepes (pH 7.4) 0.34 M sucrose, 1 mM ATP,
.5 mM MgCl2, 0.1 mM PMSF, 2 mM antipain, and 2 mM pepstastin
) (13), and plasma membranes were isolated by centrifugation of

he supernatant in a discontinuous (30%/50%) sucrose gradient (14).
he plasma membranes were suspended in 50 mM Mops (pH 7.2)
nd were stored as described above for neutrophils. Protein concen-
rations were measured using the bicinchoninic acid assay (Pierce
hemical Co., Rockford, IL).
0006-291X/00 $35.00
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Western blot analysis. Plasma membranes, secondary granule
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raction, or milk lactoferrin were boiled for 5 min in SDS sample
uffer, and the proteins were separated by 8% SDS–PAGE in non-
educing conditions (15). The proteins were transferred electro-
horetically to a Hybond-ECL nitrocellulose membrane (Amersham
harmacia Biotech, Piscataway, NJ), and nonspecific binding sites
n the membrane were blocked by incubation in 3% BSA in Tris-
uffered saline (pH 7.4) containing 0.1% Tween (TBST) for 1 h at
oom temperature. The membrane then was incubated with 0.1
g/ml anti-lactoferrin antibody or control IgG in BSA–TBST for 1 h
t room temperature. The membrane was washed three times (10
in each) in TBST and was incubated with a 1:6000 dilution (in
SA–TBST) of horseradish peroxidase-conjugated goat anti-rabbit

gG or goat anti-mouse IgG for 1 h at room temperature. The mem-
rane was washed as above, and bound antibody was visualized by
nhanced chemiluminescence (Amersham Pharmacia Biotech) using
-Omat film (Eastman Kodak, Rochester, NY).

Flow cytometric analysis of isolated neutrophils. Neutrophils
ere isolated as described above, and the neutrophils were treated or
ctivated as described in the text. The cells were collected by cen-
rifugation at 300g (5 min, 4°C), and 106 cells were incubated with
.5 mg AHN-9 or 2B8, or mouse IgG1 control, in 25 ml PBS (pH 7.2)
ontaining 0.1% gelatin and 0.1% azide (PBS-gel-azide) for 30 min on
ce. The cells were washed twice in ice-cold PBS-gel-azide and then
ere incubated with 1 mg FITC-conjugated goat anti-mouse IgG in
5 ml PBS-gel-azide for 30 min on ice. The cells were washed twice in
ce-cold PBS-gel-azide and were resuspended in the same buffer
ontaining 1% formaldehyde for flow cytometric analysis. Fluores-
ence intensity of 10,000 cells in each sample was measured using a
ACScan (Becton–Dickinson, San Jose, CA) instrument.

Flow cytometric analysis of whole blood. Blood was drawn into a
DTA-containing vacutainer tube (Becton–Dickinson), and 100 ml
liquots were incubated with 3 mg FITC-conjugated polyclonal anti-
actoferrin or 3 mg FITC-conjugated control rabbit IgG for 15 min on
ce. Red cells then were lysed by addition of 2 ml FacsLyse (Becton–
ickinson) and incubation of the samples for 10 min on ice. The

eukocyte pellet was collected by centrifugation at 300g for 5 min at
°C and was washed twice with ice-cold PBS-gel-azide. The cells
ere resuspended in PBS-gel-azide containing 1% formaldehyde,
nd cell fluorescence was measured as described above.

ESULTS

etection of Lactoferrin in Neutrophil
Plasma Membranes

Neutrophil plasma membrane and secondary gran-
le fractions were subjected to SDS–PAGE, and West-
rn blot analysis was performed using two monoclonal
ntibodies, AHN-9 (9) and 2B8, and a polyclonal anti-
ody specific for lactoferrin. Each of the three antibod-
es detected a major 78- to 79-kDa protein band in the
lasma membrane fraction that comigrated with the
ajor band in secondary granules and between the
ajor 78-kDa band and minor 80-kDa band detected in
ilk lactoferrin (Fig. 1). All three antibodies also de-

ected a less prominent band of approximately 85 kDa
n the plasma membrane and specific granule frac-
ions. Several low-molecular-weight bands of varying
ntensity were also observed in the specific granule
raction when the Western blot analysis was performed
ith the monoclonal antibody AHN-9 or with the poly-

lonal antibody. No protein bands were observed when
ouse IgG1 or rabbit IgG was substituted for AHN9
242
Fig. 1). Additional experiments using the polyclonal
nti-lactoferrin antibody demonstrated that the 78- to
9-kDa protein was only faintly detectable in plasma
embranes isolated from Me2SO-induced HL-60 cells

results not shown).

urface Expression of Lactoferrin
by Resting Neutrophils

Incubating neutrophils with monoclonal antibodies
HN-9 or 2B8, and subsequently with FITC-conju-
ated goat anti-mouse IgG, demonstrated that lacto-
errin could be detected on the surface of resting neu-
rophils (Fig. 2). Both AHN-9 and 2B8 reacted with the
eutrophils, with AHN-9 producing a stronger staining
attern. To determine if the surface-expressed lacto-
errin might simply reflect membrane-bound lactofer-
in, staining was also done after preincubating (5 min,
°C) the neutrophils in buffer containing 10 mM lactic
cid (pH 3.9), which dissociates IgE from high affinity
c«RI receptors (16). As shown in Fig. 2, the lactic acid
retreatment did not alter neutrophil reactivity with
ither AHN-9 or 2B8. Preincubating the neutrophils in
.25 M NaCl or in buffer containing 10 mM EDTA
ikewise did not change level of lactoferrin surface
xpression (results not shown). Similar results were
btained for each pretreatment in three additional
xperiments.

urface Expression of Lactoferrin by Neutrophils
in Whole Blood

Neutrophil expression of CD11b/CD18, which is also
ssociated with neutrophil specific granules (2), can
ncrease, in some cases, as a consequence of the cell
solation procedure (17). Therefore, surface expression
f lactoferrin by neutrophils in whole blood was eval-
ated to determine if the surface-expressed lactoferrin
esulted from the neutrophil isolation procedure. As
hown in Fig. 3, incubation with FITC-conjugated poly-
lonal anti-lactoferrin antibody yielded positive stain-
ng of the granulocyte population in whole blood. In
ontrast, no positive staining was observed for the
onocyte or lymphocyte populations. The granulocyte,
onocyte, and lymphocyte populations in the whole

lood were identified based on prior staining with
ineage-specific antibodies and by their characteristic
ight scatter properties. Similar results were obtained
n two additional experiments.

urface Expression of Lactoferrin
on Activated Neutrophils

To assess whether neutrophil activation increased
he surface expression of lactoferrin, neutrophils were
timulated with 10 nM C5a or 0.1 mg/ml calcium iono-
hore A23187 for 15 min prior to incubation with
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onoclonal antibodies AHN-9 or 2B8. Cells were also
ncubated in buffer alone at 4°C or at 37°C as controls.
he results in Fig. 4 show that neutrophil reactivity
ith AHN-9 diminished after stimulation by C5a or

he calcium ionophore A23187, whereas reactivity with
B8 was not altered. In the same experiment, incuba-
ion with C5a or A23187 increased expression of
D11b, thus confirming neutrophil activation under

he experimental conditions. Similar results were ob-
ained in four additional experiments. In the five ex-
eriments, the mean channel fluorescence of the
HN-9 positive population was significantly (P ,
.05) diminished by 49 6 5% (mean 6 SE) after acti-

FIG. 1. Presence of lactoferrin in neutrophil plasma membrane
ranules (SG) (2 mg), and 0.25 mg human milk lactoferrin (Lf ) w
ybond-ECL nitrocellulose. Western blot analysis was performed wi
urified rabbit anti-human lactoferrin antibody, control mouse IgG
nhanced chemiluminescence after incubation with horseradish perox
ethods. All the blots shown are from the same experiment.
243
ation of the neutrophils by 10 nM C5a. Conversely,
he mean channel fluorescence of the CD11b positive
ell population, which was examined in three of the five
xperiments, was significantly (P , 0.05) increased by
65 6 45% after incubation with C5a.

ISCUSSION

These results demonstrate that lactoferrin, which is
characteristic marker of neutrophil secondary gran-

les (2), is also expressed on the surface of intact rest-
ng neutrophils. Western blot analysis using two mono-
lonal antibodies as well as a polyclonal antibody

eutrophil plasma membranes (PM) (10 mg), neutrophil secondary
e subjected to SDS–PAGE, and the proteins were transferred to
he lactoferrin-specific monoclonal antibodies AHN-9 or 2B8, affinity
or control rabbit IgG as indicated. The blots were developed by
se-conjugated secondary antibody as described under Materials and
s. N
er

th t
1,
ida
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pecific for human lactoferrin showed that surface ex-
ression of the lactoferrin correlates with the presence
f a prominent 78–79 kDa band in plasma membranes
hat co-migrates with the major 78- to 79-kDa protein
etected in secondary granules. Consistent with the
eficiency of lactoferrin and other secondary granule
roteins in differentiated HL-60 cells (2, 18), the 78- to
9-kDa protein was only minimally detectable in
lasma membranes isolated from Me2SO-induced
L-60 cells. These findings differ somewhat from those

f another laboratory, which reported surface expres-
ion of lactoferrin by neutrophils only after activation
r after isolation using dextran sedimentation (19).
ifferent anti-lactoferrin antibodies were used in the
revious study (19), but otherwise no explanation for
he contrasting findings is immediately apparent. Of
nterest, surface expression by resting neutrophils of
nother secondary granule protein, the complement

FIG. 2. Lactoferrin expression by resting neutrophils. Neutro-
hils (106) were preincubated in Hepes-albumin-glucose buffer (pH
.4) (10) (Control) or in buffer comprised of 130 mM NaCl, 5 mM KCl,
nd 10 mM lactic acid (pH 3.9) (16) (Lactic acid) for 5 min at 4°C. The
ells then were incubated in PBS-gel-azide with monoclonal antibody
HN-9 or 2B8, or mouse IgG1 control, and subsequently with FITC-

onjugated goat anti-mouse IgG as described in the text. Mouse IgG1
unfilled peak). AHN-9 or 2B8 (filled peak).

FIG. 3. Lactoferrin expression by neutrophils in whole blood.
hole blood (100 ml) was incubated with FITC-conjugated affinity-

urified rabbit anti-human lactoferrin or FITC-conjugated control
abbit IgG for 15 min on ice as described under Materials and
ethods. The red cells were lysed as described in the text, and

uorescence was measured by flow cytometry as described for Fig. 2.
ITC-IgG control (unfilled peak). FITC-anti-lactoferrin (filled peak).
244
egulatory protein properdin, has been reported (20).
s in the present study, surface expression of proper-
in was demonstrated by flow cytometry and was cor-
elated with membrane localization of the properdin by
estern blot analysis (20).
A possible explanation for the surface expression of

actoferrin is binding of lactoferrin to the plasma mem-
rane during or subsequent to granule release. Indeed,
actoferrin receptors have been described for several
ell types (1), although only a low affinity (K d 5 5 mM)
eceptor has been reported for neutrophils (21). Addi-
ionally, lactoferrin can also bind to surface glycosami-
oglycans (22) or, as a basic protein (23), to other
nionic constituents of the plasma membrane. The ex-
ression of elastase and cathepsin G, two cationic en-
ymes present in neutrophil primary granules (2), on
he surface of activated neutrophils is attributed to a
harge-dependent binding to the plasma membrane
uring their release (24–26). In contrast, however, to
he increase in surface expression of cathepsin G and
lastase after neutrophil activation (24–26), neutro-
hil activation by C5a or the calcium ionophore A23187
id not increase surface expression of lactoferrin in the

FIG. 4. Lactoferrin expression by activated neutrophils. Neutro-
hils (106/ml) were incubated in Hepes-albumin-glucose buffer (pH
.4) containing 0.6 mM CaCl2 and 1 mM MgCl2 at 4°C or 37°C, or in
he buffer (37°C) containing 10 nM C5a or 0.1 mg/ml A23187 for 15
in. The cells were washed twice with PBS-gel-azide and were

ncubated with monoclonal antibody AHN-9 or 2B8, mouse IgG1
ontrol, or with FITC-conjugated anti-human CD11b as described in
he text. Bound AHN-9 or 2B8 antibody was detected by subsequent
ncubation with FITC-conjugated goat anti-mouse IgG. The remain-
er of the staining protocol was performed as described for Fig. 2.
ouse IgG1 (unfilled peak). AHN-9, 2B8, or anti-CD11b (filled peak).
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ncreased expression of lactoferrin after neutrophil ac-
ivation by phorbol myristate acetate or TNF-a, but,
imilar to the findings reported here, neutrophil acti-
ation by TNF-a or IL-8 did not alter surface expres-
ion of properdin (20). Although we cannot absolutely
ule out the possibility of low level activation during
he isolation procedure, the detection of lactoferrin on
eutrophils in whole blood argues against low level
ctivation as a basis for the expression. Of note, ex-
ression of the epitope recognized by monoclonal anti-
ody AHN-9, but not that recognized by monoclonal
ntibody 2B8, is diminished after neutrophil activation
y C5a or the calcium ionophore A23187. One interpre-
ation of this finding is that neutrophil activation may
nduce a conformational change in the surface-asso-
iated lactoferrin.

If surface expression of lactoferrin does indeed re-
ect binding to the plasma membrane, the binding
ppears to be of relatively high affinity. First, preincu-
ating neutrophils in buffer containing 10 mM lactic
cid (pH 3.9), which readily dissociates IgE from high
ffinity Fc«RI receptors (16), did not diminish the level
f neutrophil staining by either of the two anti-
actoferrin monoclonal antibodies. Second, lactoferrin
as also detected on neutrophils in whole blood, even

hough the concentration of lactoferrin in blood is less
han 1 mg/ml (,12 nM) (27). It may be worth noting in
his context that Western blot analysis with each of the
hree anti-lactoferrin antibodies also detected an ap-
roximately 85-kDa protein in the plasma membrane
nd secondary granule fractions. Lactoferrin is en-
oded by a single gene (28), and comparison of a partial
DNA sequence for neutrophil lactoferrin to the same
equence in milk lactoferrin indicates near identity for
he two proteins (29, 30). The limited degree of het-
rogeneity (77 and 80 kDa) that is observed in the Mr

f milk lactoferrin arises from differences in the degree
f N-linked glycosylation (31). However, a variant aris-
ng from alternative mRNA splicing of the first exon
as been described, albeit not in leukocytes (32). Thus,
he possibility exists that the 85-kDa protein repre-
ents a membrane-localized species of lactoferrin aris-
ng from alternative mRNA splicing or possibly from
ifferential post-translational processing.
The surface association of enzymatically active pro-

erdin and cathepsin G is postulated to contribute to
eutrophil host defense functions (20, 25). Several
ndings suggest that surface-expressed lactoferrin
ay likewise contribute to neutrophil host defense

unction. Lactoferrin stimulates an increase neutrophil
dhesion (21), one consequence of which is facilitated
ptake of the neutrophils by macrophages (21). More
ecently, it has been reported that incubation with
nti-lactoferrin antibody enhances neutrophil adher-
nce to fibronectin and laminin as well as stimulates
uperoxide anion release (33). Antibodies against elas-
245
uthors postulated that a surface-expressed lactoferrin
ediated the activation (33). Of particular interest in

his context, several bacterial organisms, including S.
neumoniae (34), N. gonorrhoeae (35), and E. coli (36),
ave been reported to express “receptors” for lactofer-
in. The receptors are postulated to provide a mecha-
ism for the organisms to extract Fe31 from lactoferrin
35). It is attractive to speculate, however, that the
urface-associated lactoferrin described here may also
nhance interaction between neutrophils and lacto-
errin-binding microorganisms and possibly contribute
o neutrophil activation by the microorganisms.

CKNOWLEDGMENT

This study was supported in part by NIH Grant AI32041.

EFERENCES

1. Lonnerdal, B., and Iyer, S. (1995) Lactoferrin: Molecular struc-
ture and biological function. Annu. Rev. Nutr. 15, 93–110.

2. Borregaard, N., and Cowland, J. B. (1997) Granules of the hu-
man neutrophilic polymorphonuclear leukocyte. Blood 89, 3503–
3521.

3. Reiter, B., Brock, J. H., and Steel, E. D. (1975) Inhibition of
Escherichia coli by bovine colostrum and post-colostral milk. II.
The bacteriostatic effect of lactoferrin on a serum susceptible and
serum resistant strain of E. coli. Immunology 28, 83–95.

4. Arnold, R. R., Cole, M. F., and McGhee, J. R. (1977) A bacteri-
cidal effect for human lactoferrin. Science 197, 263–265.

5. Appelmelk, B. J., An, Y. Q., Geerts, M., Thijs, B. G., de Boer,
H. A., MacLaren, D. M., de Graaff, J., and Nuijens, J. H. (1994)
Lactoferrin is a lipid A-binding protein. Infect. Immun. 62, 2628–
2632.

6. Caccavo, D., Afeltra, A., Pece, S., Giuliani, G., Freudenberg, M.,
Galanos, C., and Jirillo, E. (1999) Lactoferrin-lipid A-lipopolysac-
charide interaction: Inhibition by anti-human lactoferrin mono-
clonal antibody AGM 10.14. Infect. Immun. 67, 4668–4672.

7. Alugupalli, K. R., and Kalfas, S. (1995) Inhibitory effect of lac-
toferrin on the adhesion of Actinobacillus actinomycetemcomi-
tans and Prevotella intermedia to fibroblasts and epithelial cells.
APMIS 103, 154–160.

8. Qiu, J., Hendrixson, D. R., Baker, E. N., Murphy, T. F., St. Geme,
J. W., III, and Plaut, A. G. (1998) Human milk lactoferrin inac-
tivates two putative colonization factors expressed by Haemophi-
lus influenzae. Proc. Natl. Acad. Sci. USA 95, 12641–12646.

9. Skubitz, K. M., Christiansen, N. P., and Mendiola, J. R. (1989)
Preparation and characterization of monoclonal antibodies to
human neutrophil cathepsin G, lactoferrin, eosinophil peroxi-
dase, and eosinophil major basic protein. J. Leukoc. Biol. 46,
109–118.

0. Haskell, M. D., Moy, J. N., Gleich, G. J., and Thomas, L. L.
(1995) Analysis of signaling events associated with activation of
neutrophil superoxide anion production by eosinophil granule
major basic protein. Blood 86, 4627–4637.

1. Borregaard, N., Heiple, J. M., Simons, E. R., and Clark, R. A.
(1983) Subcellular localization of the b-cytochrome component of
the human neutrophil microbicidal oxidase: Translocation dur-
ing activation. J. Cell Biol. 97, 52–61.

2. Collins, S. J., Ruscetti, F. W., Gallagher, R. E., and Gallo, R. C.
(1978) Terminal differentiation of human promyelocytic leuke-



mia cells induced by dimethyl sulfoxide and other polar com-

1

1

1

1

1

1

1

2

2

2

2

2

which neutrophils focus and preserve catalytic activity of serine

2

2

2

2

2

3

3

3

3

3

3

3

Vol. 275, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
pounds. Proc. Natl. Acad. Sci. USA 75, 2458–2462.
3. Record, M., Lahaarrague, P., Fillola, G., Thomas, J., Ribes, G.,

Fontan, P., Chap, H., Corberand, J., and Douste-Blazy, L. (1985)
A rapid isolation procedure of plasma membranes from human
neutrophils using self-generating Percoll gradients. Importance
of pH in avoiding contamination by intracellular membranes.
Biochim. Biophys. Acta 819, 1–9.

4. Markert, M., Glass, G. A., and Babior, B. M. (1985) Respiratory
burst oxidase from human neutrophils: purification and some
properties. Proc. Natl. Acad. Sci. USA 82, 3144–3148.

5. Laemmli, U. K. (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227, 680–685.

6. Pruzansky, J. J., Grammer, L. C., Patterson, R., and Roberts, M.
(1983) Dissociation of IgE from receptors on human basophils. I.
Enhanced passive sensitization for histamine release. J. Immu-
nol. 131, 1949–1953.

7. Berends, C., Dijkhuizen, B., de Monchy, J. G., Gerritsen, J., and
Kauffman, H. F. (1994) Induction of low density and up-
regulation of CD11b expression of neutrophils and eosinophils by
dextran sedimentation and centrifugation. J. Immunol. Methods
167, 183–193.

8. Johnston, J. J., Rintels, P., Chung, J., Sather, J., Benz, E. J., Jr.,
and Berliner, N. (1992) Lactoferrin gene promoter: Structural
integrity and nonexpression in HL60 cells. Blood 79, 2998–3006.

9. Afeltra, A., Caccavo, D., Ferri, G. M., Addessi, M. A., De Rosa,
F. G., Amoroso, A., and Bonomo, L. (1997) Expression of lacto-
ferrin on human granulocytes: Analysis with polyclonal and
monoclonal antibodies. Clin. Exp. Immunol. 109, 279–285.

0. Wirthmueller, U., Dewald, B., Thelen, M., Schafer, M. K., Stover,
C., Whaley, K., North, J., Eggleton, P., Reid, K. B., and
Schwaeble, W. J. (1997) Properdin, a positive regulator of com-
plement activation, is released from secondary granules of stim-
ulated peripheral blood neutrophils. J. Immunol. 158, 4444–
4451.

1. Boxer, L. A., Haak, R. A., Yang, H. H., Wolach, J. B., Whitcomb,
J. A., Butterick, C. J., and Baehner, R. L. (1982) Membrane-
bound lactoferrin alters the surface properties of polymorphonu-
clear leukocytes. J. Clin. Invest. 70, 1049–1057.

2. Mann, D. M., Romm, E., and Migliorini, M. (1994) Delineation of
the glycosaminoglycan-binding site in the human inflammatory
response protein lactoferrin. J. Biol. Chem. 269, 23661–23667.

3. Metz-Boutigue, M. H., Jolles, J., Mazurier, J., Schoentgen, F.,
Legrand, D., Spik, G., Montreuil, J., and Jolles, P. (1984) Human
lactotransferrin: Amino acid sequence and structural compari-
sons with other transferrins. Eur. J. Biochem. 145, 659–676.

4. Owen, C. A., Campbell, M. A., Sannes, P. L., Boukedes, S. S., and
Campbell, E. J. (1995) Cell surface-bound elastase and cathepsin
G on human neutrophils: A novel, non-oxidative mechanism by
246
proteinases. J. Cell Biol. 131, 775–789.
5. Owen, C. A., Campbell, M. A., Boukedes, S. S., and Campbell,

E. J. (1995) Inducible binding of bioactive cathepsin G to the cell
surface of neutrophils. A novel mechanism for mediating extra-
cellular catalytic activity of cathepsin G. J. Immunol. 155, 5803–
5810.

6. Bangalore, N., and Travis, J. (1994) Comparison of properties of
membrane bound versus soluble forms of human leukocytic elas-
tase and cathepsin G. Biol. Chem. Hoppe Seyler 375, 659–666.

7. Broxmeyer, H. E., Gentile, P., Bognacki, J., and Ralph, P. (1983)
Lactoferrin, transferrin and acidic isoferritins: Regulatory mol-
ecules with potential therapeutic value in leukemia. Blood Cells
9, 83–105.

8. Kim, S. J., Yu, D. Y., Pak, K. W., Jeong, S., Kim, S. W., and Lee,
K. K. (1998) Structure of the human lactoferrin gene and its
chromosomal localization. Mol. Cells 8, 663–668.

9. Rado, T. A., Wei, X. P., and Benz, E. J., Jr. (1987) Isolation of
lactoferrin cDNA from a human myeloid library and expression
of mRNA during normal and leukemic myelopoiesis. Blood 70,
989–993.

0. Rey, M. W., Woloshuk, S. L., deBoer, H. A., and Pieper, F. R.
(1990) Complete nucleotide sequence of human mammary gland
lactoferrin. Nucleic Acids Res. 18, 5288.

1. van Berkel, P. H. C., van Veen, H. A., Geerts, M. E. J., de Boer,
H. A., and Nuijens, J. H. (1996) Heterogeneity in utilization of
N-glycosylation sites Asn624 and Asn138 in human lactoferrin: A
study with glycosylation-site mutants. Biochem. J. 319, 117–
122.

2. Siebert, P. D., and Huang, B. C. (1997) Identification of an
alternative form of human lactoferrin mRNA that is expressed
differentially in normal tissues and tumor-derived cell lines.
Proc. Natl. Acad. Sci. USA 94, 2198–2203.

3. Zweiman, B., and von Allmen, C. (1999) Comparative effects of
antilactoferrin antibodies and tumor necrosis factor on neutro-
phil adherence to matrix proteins. Clin. Diagn. Lab. Immunol. 6,
364–368.

4. Hammerschmidt, S., Bethe, G., P, H. R., and Chhatwal, G. S.
(1999) Identification of pneumococcal surface protein A as a
lactoferrin-binding protein of Streptococcus pneumoniae. Infect.
Immun. 67, 1683–1687.

5. Gray-Owen, S. D., and Schryvers, A. B. (1996) Bacterial trans-
ferrin and lactoferrin receptors. Trends Microbiol. 4, 185–191.

6. Sallmann, F. R., Baveye-Descamps, S., Pattus, F., Salmon, V.,
Branza, N., Spik, G., and Legrand, D. (1999) Porins OmpC and
PhoE of Escherichia coli as specific cell-surface targets of human
lactoferrin. Binding characteristics and biological effects. J. Biol.
Chem. 274, 16107–16114.


	MATERIALS AND METHODS
	RESULTS
	FIG. 1

	DISCUSSION
	FIG. 2
	FIG. 3
	FIG. 4

	ACKNOWLEDGMENT
	REFERENCES

