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ABSTRACT

The antimicrobial protein lactoferrin (LF) is present in plasma and in
mucosal secretions. Using ELISA we analysed plasma and saliva of HIV-infected
patients, patients with AIDS and healthy controls for the presence of secreted LF.
The plasma LF levels of AIDS patients (classification C3) were significantly
lower (p<0.001) as compared to asymptomatic and symptomatic HIV infected
patients, or controls. In addition, plasma LF levels closely correlated with
neutrophilic granulocyte counts in the HIV-infected patients. Thus, basal plasma
LF levels are likely the result of LF release by neutrophilic granulocytes. The
Candida titres present in the oral cavity were determined in a part of the HIV-
infected patient group. As it appeared, the presence of this opportunistic pathogen
always coincided with low levels of salivary LF levels. We conclude that LF, as
part of the non-specific immune system, might play an important role in the first
line of defence against opportunistic microbial infections in AIDS patients.
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INTRODUCTION

Lactoferrin (LF) is an iron binding protein of 80kD, which is present in the
secondary vesicles of the neutrophilic granulocytes 13. Steady state plasma levels
of lactoferrin are believed to be the result of release of LF by these neutrophils and
of its plasma clearance. LF is also produced by epithelial cells of the body mucosa
and at the mammary glands during lactation 3. Therefore, LF is present in many
body fluids produced by mucosal cell layers like: saliva, tears, breastmilk and
seminal and vaginal fluids 12,14. The structures of plasma LF and mucosal LF differ
only in glycosylation patterns of the protein 12.

Initially, LF was thought to be an iron transporter, like transferrin.
However, LF also comprises strong antimicrobial effects: both the bacteriostatic
and bactericidal effects against Gram positive as well as Gram negative bacteria 14

have been reported. LF also has an antifungal effect, in particular against Candida
species 12. More recently the antiviral effect of LF was discovered 12 11,18. It was
proposed that LF plays an important role in the first line of defence at the mucosa,
since many infectious pathogens tend to enter the body at these tissues. Plasma
concentrations of LF are significantly increased during inflammation periods due
to release from neutrophils 14. The plasma concentrations reached during these
periods are high enough for LF to exert the above mentioned in vitro antimicrobial
activities.

LF is also known to have immunomodulating effects: it is capable of
downregulating the inflammatory response by binding to Tumour Necrosis Factor-
α (TNFα), IL-1 and IL-2 6,14. Binding of the proinflammatory molecule
lipopolysaccharide (LPS) has been described. This binding of LPS is supposed to
prevent the priming of neutrophils 8. Furthermore, it has been described that LF
has anti-oxidative properties by binding Reactive Oxygen Species (ROS) 5. LF can
upregulate the phagocytic activity of macrophages and neutrophils 6. Furthermore,
the cytotoxic activity of NK-cells can be enhanced by LF 17. Interestingly, a
function as transcription factor has been postulated 9 and evidence has been found
for the anti-tumour activity of LF 20.
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The non-specific defence mechanism at the mucosa may be of special
importance for immunocompromised patients. These are transplant patients,
receiving anti-rejection drugs, or patients treated with chemotherapy and AIDS
patients.

From HIV-infected patients it is known, that progression of the disease is
accompanied with a dramatic drop of the T-cell count 2. Because of this massive
destruction of the specific immune system, the patients are subject to many
opportunistic infections. Furthermore, HIV-infected subjects develop neutropenia
which will also lead to a defect in the non-specific immune system. Mucosal
infection with Candida species of the oral cavity is the most frequent opportunistic
infection in this group 19. In vitro, LF has a protective effect against such microbial
infections, thus our interest was to study the relationship between plasma and
saliva levels of LF in HIV-infected and AIDS patients and the incidence of clinical
oral candidiasis.

The current reports on the LF levels in AIDS patients are controversial.
Both significant elevations 2,15 and decreases 7,16 of LF levels in saliva, plasma and
tears have been described. However, part of it can probably be attributed to the
assay system that was used to determine the LF levels 1. In this study we present
data on LF plasma levels in AIDS patients and asymptomatic and symptomatic
HIV infected patients.

MATERIALS & METHODS

Patients.
HIV-infected subjects (n = 95) visiting the outpatient clinic volunteered in

this study with an informed consent document. The particular patients were
classified according to the 1993 revised Centre for Disease Control and Prevention
classification system 10. Classification of the patients was done by a clinician at the
dept. of Internal Medicine, University Hospital Groningen.

A subgroup of HIV-infected patients was selected for the determination of
Candida titres in the oral cavity (n = 23). Patients were excluded when they used
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teeth prostheses and antifungal agents, either systemic or topical. The use of other
drugs like: corticosteroids, bacterial antibiotics and anti-HIV drugs were recorded.

Controls.
Healthy volunteers (n = 26) were asked to donate blood samples, saliva

and mouthwashings.

Collection of blood samples, saliva and mouthwashings.
EDTA blood samples, obtained by venapuncture, were processed within 2

h after collecting. The number of neutrophils and CD4-cells were determined in
whole blood samples of the patients. Plasma samples were stored at -20°C. Prior
to the LF ELISA, the samples were inactivated at 56°C for 30 minutes, without
affecting test results (data not shown).

Saliva, for determination of Candida titres, of included HIV-infected
patients was collected in EDTA containing tubes for determination of salivary LF
concentrations in the oral cavity (n = 23). Stimulation of saliva production was
achieved by chewing on a small amount of Parafilm (American National Can,
Greenwich, UK). Saliva was centrifuged to remove debris and the supernatant was
stored at -20°C. Mouthwashings were obtained after rinsing for 2 minutes with 10
ml sterile physiologic saline solution.

Quantification of LF levels in plasma and saliva.
Microtitre plates (96 wells, Hycult, Hycult bv. Uden, the Netherlands)

were coated with 100µl of a 1/750 dilution of polyclonal Rabbit anti-human LF
F(ab)2-fragments (Jackson Immunoresearch laboratories, Baltimore, USA) in 0.1
M NaHCO3  coating buffer, pH 9.6, for 1 hr at 37°C. Subsequently, the plates were
thoroughly washed with Washing Buffer (WB) consisting of 0.025 M NaCl, 0.15
M Tris-HCl and 0.2% Nonidet P40 (NP40) pH 8.0.

Two-fold serial dilutions of sera or saliva, in 0.05 M Tris-HCl, 0.3 M
NaCl, 0.2% NP40 and 2% Bovine Serum Albumin (BSA) final pH 8.0 were
added. Serial dilutions of human LF (Sigma, St. Louis, USA) in 0.05 M Tris-HCl,
0.3 M NaCl, 0.2% NP40 and 2% Bovine Serum Albumin (BSA) final pH 8.0 were
used in a calibration curve. Samples were incubated for 1h at 37°C. After 5 times
washing with WB, 100µl Rabbit-anti-human LF-HRP (Jackson Immunoresearch
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laboratories) was added in a 1/750 dilution in 0.05 M Tris-HCl, 0.3 M NaCl, 0.2%
NP40 and 2% Bovine Serum Albumin (BSA) final pH 8.0. After 30 min of
incubation at 37°C, the plates were washed 5 times with WB. Staining was done
with OPD (Ortho Phenyl Diamine: Sigma, 10 mg/plate) in 0.05 M phosphate
buffer, pH 5.6. The staining reaction was stopped using 1.0 M H2SO4 (100 µl /
well) and the absorption at 490 nm was detected (OD490 nm). These ODs were
converted to LF concentrations in plasma or saliva, using a four parameter curve-
fitting algorithm.

Determination of Candida species titres in the oral cavity.
Mouthwashings obtained using 10 ml sterile physiological saline were

collected. 10µl and serial dilutions were inoculated on a saboroud agar (Oxoid,
Boom B.V., the Netherlands), specifically designed for culturing of Candida. The
plates were incubated for 48 h at 30°C. Consequently, the number of colonies was
counted and the amount of Candida was expressed as the number of colony
forming units (cfu)/ml. The same culturing procedure was followed for the saliva
of the patients and controls.

Statistical Analyses.
Mann-Whitney non-parametrical U-tests were used to study differences in plasma
LF levels of HIV-infected patients and controls.

RESULTS

LF levels in plasma of HIV-infected patients vs healthy controls.
Plasma LF levels of healthy controls were compared to plasma levels of HIV-
infected individuals of different disease stages. Plasma LF levels of asymptomatic
HIV-infected patients were similar as compared to the healthy controls (Fig. 1).
Significant differences between plasma LF levels in healthy controls and
symptomatic HIV-infected patients (classification B1 to B3) could not be observed
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either. However, AIDS patients (classification C3) had significantly lower plasma
levels (p<0.001) as compared to healthy controls.
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Fig. 1: Plasma lactoferrin levels in HIV-infected patients and healthy controls. Plasma levels of LF
in healthy controls (H: n = 26) were compared to the levels in HIV infected individuals with different disease
stages (A1-C3: n = 95). Plasma LF levels are significantly decreased in symptomatic AIDS patients (stage C3):
Controls: 0.199 µg/ml ± 0.074 vs. C3: 0.0963 µg/ml ± 0.047; M, p < 0.001).

Plasma LF levels and neutrophil counts.
Interestingly, a positive linear correlation between the neutrophil count

and plasma LF concentrations of HIV seropositive individuals and AIDS patients
was observed (p < 0.0001 with a confidence interval of 95%), as shown in Fig. 2.
Low neutrophil counts correlated with low plasma LF concentrations.

Lactoferrin levels in saliva of HIV-infected patients vs healthy controls.
LF levels in saliva of the included subgroup of HIV-infected patients were

compared to salivary LF levels of healthy controls. A significant difference in
salivary LF levels was not observed between the HIV-infected group and healthy
controls. Although it seems that variation in LF levels tended to be higher in the
HIV-seropositive group (data not shown).
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Fig. 2: Linear relationship between plasma lactoferrin levels and the neutrophil counts in HIV-
seropositives and AIDS patients (n = 95). Plasma LF levels are linearly correlated with the neutrophil
count. (p < 0.0001, Confidence interval 95%).

Relationship between LF levels in saliva and the presence of Candida species.
Mouthwashings and saliva were used to determine the amount of Candida

species in the oral cavity of HIV-infected patients. Both methods yielded
essentially similar amounts of Candida  colonies. The Candida titres, obtained
with the mouthwashings, were plotted against the salivary LF levels of the patients
(Fig. 3).
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Fig. 3: Relationship between salivary lactoferrin concentrations and Candida titres in the oral
cavity of HIV infected subjects (n = 15). Although a negative correlation between salivary LF levels and
Candida titres was not observed, the presence of Candida titres in the oral cavity always coincided with low
levels of salivary LF levels.

A statistical significant correlation between salivary LF levels and
Candida titres in the oral cavity was not observed. However, high salivary
Candida titres were only found in patients with low salivary LF secretion. At
salivary LF levels exceeding 10 µg/ml only low Candida titres were cultured from
the mouthwashings. Below 10 µg/ml of salivary LF however, Candida titres could
rise dramatically.

DISCUSSION

Mucosal candidiasis is one of the most common infections in HIV-
infected patients19. LF has antifungal activities, including inhibitory effects against
Candida species. In vitro, it has been shown that lactoferricin, an N-terminal
tryptic fragment of LF, is responsible for the killing of Candida 12. This domain of
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LF is also responsible for the antibacterial properties of LF 13. Other protective
proteins that have been identified in saliva are histatine 15 and lysozyme 19. In
addition, the phagocytotic activity and production of oxygen radicals by
macrophages and neutrophils respectively, appear to be important in the protection
against opportunistic microbial infections.

We could not show significant variations in LF levels in saliva of HIV-
infected patients. This is possibly due to the fact, that too few symptomatic AIDS
patients (n=2) could be included for saliva experiments, as the majority of these
patients was treated with antifungal drugs and therefore had to be excluded from
this study. Therefore, the in vivo protective effect of salivary LF against an
opportunistic infection like Candida remains undefined. A significant negative
correlation between salivary LF levels and Candida titres could not be observed,
most probably due to the fact that too few symptomatic AIDS patients could be
included in this study.

In this study, plasma of HIV-infected individuals and AIDS patients was
used to measure the plasma LF concentrations. The results in this study show a
significant decrease in LF levels in the plasma of end-stage AIDS patients (C3)
only, as compared to plasma values of healthy controls. This significant decrease
in plasma LF concentrations in AIDS-patients might contribute to the high
incidence of opportunistic infections. LF plays an important role in the first line of
defence at mucosal sites in the body. In the plasma, LF also participates against
microbial infections as a constituent of the neutrophillic granulocyte 11-14. Since
the specific cellular immune response is lowered, or almost absent in
immunocompromised patients such as HIV-infected individuals, the non-specific
defence has to play a dominant role in the prevention of opportunistic microbial
infections. If this protective system is also suppressed, for instance as a result of
neutropenia, it is conceivable that a decrease in defence proteins like LF can lead
to a higher susceptibility to microbial infections.

Moreover, we show a linear correlation between LF plasma concentrations
and the neutrophil count. This indicates that LF levels in plasma are a result of
release from neutrophils. The patients studied in this group tended to have a
decreased neutrophil count. This decrease of neutrophils was most evident in the
AIDS patients and this confirmed literature data indicating that AIDS patients
develop neutropenia. A relation between neutrophil counts and plasma LF levels
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has been described before. Patients suffering from neutropenia, as a result of
several different disorders, are known to have lower plasma LF levels 4. Treatment
of these neutropenic patients with recombinant Granulocyte-Macrophage Colony
Stimulating Factor (GM-CSF) led to higher neutrophil counts and therefore higher
plasma LF levels. However, in some patients, the neutrophil: LF ratio remained
disturbed, suggesting abnormalities in LF production or release.

In summary, we have shown that plasma LF levels are significantly
decreased in end-stage AIDS patients. This suppression of the non-specific
immune system might render these patients more sensitive to opportunistic
infections. The in vivo protective effect of salivary LF remains to be elucidated.
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