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Human recombinant lactoferrin is ineffective in the treatment
of human Helicobacter pylori infection
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SUMMARY

Background: Lactoferrin, a multifunctional glycoprotein,
is known to have anti-microbial actions. Bovine lacto-
ferrin and recombinant human lactoferrin have been
shown to inhibit Helicobacter pylori, and more recently
recombinant human lactoferrin was found to signifi-
cantly increase the eradication rate of H. pylori when
added to standard triple therapy.

Aim: To determine the efficacy, safety and tolerability of
recombinant human lactoferrin as a therapy in sup-
pressing or eliminating H. pylori infection in subjects
with minimal upper gastrointestinal symptoms who
have not previously been treated.

Subjects and methods: Nine healthy subjects with min-
imal upper gastrointestinal symptoms and a positive

urea breath test were recruited. None of the volunteers
had previously been treated for H. pylori. Subjects
received 5 X 1.0 g human recombinant lactoferrin daily
for 5 or 14 days. Breath tests were repeated during
therapy and shortly after to check for eradication. The
safety and tolerability of the drug were assessed by
physical examination, by monitoring adverse events,
and clinical laboratory evaluation.

Results: No conversion of the urea breath test from
positive to negative was observed and there was no
consistent change in urea breath test count to indicate a
possible suppression of H. pylori.

Conclusion: Lactoferrin, given as a single agent, does not
eradicate H. pylori infection.

INTRODUCTION

Lactoferrin is a multifunctional iron-binding glycopro-
tein which is found in human milk and in several
mucosal secretions, e.g. saliva, tears, bile, pancreatic
and seminal fluid, as well as specific granules of
polymorphonuclear leukocytes.! Although lactoferrin
has been isolated and characterized for many years,>
knowledge of its biological functions remains limited.
Over the last two decades, lactoferrin has been
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recognized to be an important factor in host defence
against a wide range of bacteria.> *

Different mechanisms of antibacterial effects have
been described. As an iron-binding protein, which is
mostly secreted in its iron deficient form, lactoferrin
limits the amount of free iron available. Iron is an
essential growth factor for micro-organisms and by its
deprivation, metabolic activities are limited.” Further-
more, lactoferrin has been found to destabilize the
outer membrane of Gram-negative bacteria® and the
peptides that result from proteolytic cleavage of
lactoferrin seem to be more bactericidal than lactofer-
rin itself.” Another mechanism has been demonstrated
in bovine lactoferrin—it inhibits bacterial attachment
to epithelial cells.® Findings suggest that lactoferrin
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may play an anti-inflammatory role by modulating
activation of the complement system.’ It appears to
act as a negative feedback mechanism to prevent
the recruitment and activation of more leukocytes in
sites of inflammation, after release from activated
neutrophils.'°

Helicobacter pylori, as the Gram-negative bacterium
that causes chronic gastritis, peptic ulcer diseases and is
involved in the genesis of gastric cancer, seems to be
acquiring increasing resistance to commonly used anti-
microbial agents. In the search for new agents,
lactoferrin has been investigated in the past.

8 12 confirmed the

In vitro'! and in vivo mice models
action of bovine and recombinant human lactoferrin
against H. pylori.

A human trial with orally administered recombinant
lactoferrin over a period of 24 h showed no effect of
lactoferrin in eradicating H. pylori at either a low or
high dose. Of six subjects receiving 5 x 250 mg of
recombinant human lactoferrin and six subjects receiv-
ing 5x1g over a 24-h period, none showed a
conversion of the urea breath test (UBT) result from
positive to negative.13

However, in a recent trial, bovine lactoferrin was
added to a standard triple eradication therapy regime
(rabeprazole, clarithromycin and tinidazole) and a
significant improvement in eradication rate from 78%
to 100% was achieved.'*

After the promising results using lactoferrin as an
adjunctive agent and its demonstrated anti-microbial
effects, both in vitro and in animal models, the aim of
this study was to observe the activity of lactoferrin
in vivo. Lactoferrin as a single agent, in higher doses and
over a longer treatment period than previously, was
investigated for its activity against H. pylori.

METHODS
Study design and subjects

Subjects were recruited from medical and administra-
tive staff employed at the Sir Charles Gairdner Hospital,
Perth, Australia. Healthy volunteers were sought with
minimal upper gastrointestinal discomfort. The pres-
ence of H. pylori infection was determined by urea
breath test and a strongly positive result of > 500
disintegrations per min was used as the criterion of
infection. A total of nine suitable volunteers between
the ages of 22 and 53 years were recruited after the

screening of 92 subjects. Six subjects received 1.0 g
lactoferrin five times daily for a period of 5 days and
three subjects received the same dose of lactoferrin over
a period of 14 days.

The safety and tolerability of the drug were assessed by
physical examination and clinical laboratory evaluation
(urea and electrolytes, full blood count, urinalysis,
serum iron, ferritin, f-human chorionic gonadotropin
(p-HCG)) before and after treatment, as well as monit-
oring of adverse events. The laboratory data and
physical examination of all subjects were within normal
limits prior to treatment.

Originally the recruitment of 12 subjects was planned,
but as the outcome of the study became obvious,
recruitment was ceased after nine volunteers had
finished treatment.

The Human Research Ethics Committee of the Sir
Charles Gairdner Hospital approved the study.

Recombinant human lactoferrin

Recombinant human lactoferrin was produced
through a fermentation process employing genetically
modified Aspergillus niger var. awamori by Agennix
Incorporated, Houston, Texas. The recombinant pro-
tein was shown to be indistinguishable from native
breast milk lactoferrin in terms of size, immunoreac-
tivity, iron binding, receptor binding and anti-micro-
bial properties.'®

0 yrea breath test

A 'YC-urea breath test was used (PYtest, Tri-Med
Distributors Pty Ltd, Western Australia), which includes
a capsule containing 37 kBq of '*C-urea. The fasting
subject swallowed a capsule and delivered a breath
sample 10-15 min later. The breath sample was
analysed at the Tri-Med laboratories. UBT analysis
was carried out prior to starting lactoferrin therapy (day
0), during therapy (day 3, in a 5-day therapy course, or
day 8, in a 14-day therapy course) and after completing
therapy (days 6 or 15).

RESULTS

After receiving 1.0 g lactoferrin five times daily for a
period of 5 (n = 6) or 14 days (n = 3), respectively, no
significant adverse effects were observed (one subject
complained of flatulence and dysmenorrhoea, one
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subject complained of abdominal cramps). No changes
in routine laboratory results were observed during or
after medication intake.

None of the nine volunteers were cured of their
H. pylori infection. UBT results were persistently positive
(Figure 1, Table 1). There was at least an initial
decrease in the UBT counts in five patients. Three
patients showed a further decrease after the cessation of
treatment. There was no significant trend formation in
the individual patient data.

4500

DISCUSSION

In view of the development of increasing resistance not
only of H. pylori against anti-microbial agents, but also
the accompanying often-deleterious side-effects of anti-
biotic treatment, a natural substance with no relevant
side-effects such as lactoferrin would be a welcome
treatment alternative or addition.

Earlier work reported that lactoferrin might serve as a
source of iron for H. pylori, and that this iron acquisition
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Table 1. Number, age and sex of participating subjects and measured urea breath test (UBT) counts in disintegrations per minute (d.p.m.)

UBT
Patient
number Age (years) Sex pre-Rx Day 3 Day 6 Day 8 Day 15
1 50 F 2538 3523 3755 — —
2 22 F 602 417 184 — —
3 38 F 1835 2322 2150 — —
4 25 F 2079 2197 1639 — —
5 37 M 2934 2844 4366 — —
6 27 M 3447 2876 1893 — —
7 53 F 3263 — — 1350 3348
8 44 F 1514 — — 1033 501
9 29 F 996 — — 1097 654

An initial group of six subjects received 5 days of lactoferrin treatment and were tested after days 3 and 6; a second group of three subjects received
14 days of lactoferrin treatment and the UBT count was measured on days 8 and 15.
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by H. pylori would stimulate the bacterial growth'® and
aid stomach colonization. H. pylori-positive patients
with gastritis have been found to have significantly
higher lactoferrin concentrations in gastric juice than
those without infection,’” and the eradication of
H. pylori significantly reduced levels of lactoferrin in
gastric mucosa.'®

However there was no eradication of H. pylori observed
after a 24 h treatment period with lactoferrin as a single
treatment agent,'’ consistent with the findings in the
present trial, when lactoferrin was given for a longer
duration and in higher doses. No suppressive or
beneficial effect regarding the elimination of H. pylori
infection could be found.

In contrast to the in vivo studies, in vitro experiments
have shown Escherichia coli strains to be sensitive to
lactoferrin, with the replication of bacteria almost
completely prevented by lactoferrin alone.’

The increased sensitivity of bacteria to antibiotics such
as vancomycin, rifampicin, doxycycline and chloram-
phenicol, in the presence of lactoferrin, has been
reported.’® ! As there was no bactericidal or bacterio-
static effect seen by lactoferrin on its own®? the main
role of lactoferrin may be to enhance the effectiveness of
the anti-microbial therapy. One of the postulates about
the possible mechanism of lactoferrin is that the cationic
lactoferrin binds to the anionic cell wall materials to
allow a greater penetration of the antibiotic.'®

A recent preliminary study has shown a possible
potential effect of lactoferrin on the H. pylori eradication
rate in combination with standard triple therapy.®
However, this has yet to be confirmed in further trials,
since the authors did not determine the antibiotic
susceptibility of the Helicobacter strains in each patient
prior to therapy.

If the individual data of the present trial are compared
to each other, no tendency of trend formation towards a
general decreased UBT count could be observed. How-
ever, it is still controversial whether the results of '>C-
and '*C-UBT may be usefully employed to semiquanti-
tatively assess the intragastric bacterial load,** ?* or if
the UBT should be used only as a qualitative test*> to
determine if a patient’s eradication therapy was suc-
cessful.?® Clearly there is a need to develop a better way
to non-invasively quantify H. pylori infection.

Lactoferrin is currently considered to be useful for the
treatment of a variety of medical conditions, in which
iron overload causes serious complications such as
autoimmune and infectious arthritis.?”

In view of growing antibiotic resistance, drug side-
effects and resulting poor patient compliance, there is a
need for new anti-microbial agents for H. pylori.

Our study confirmed that lactoferrin is not efficacious
against H. pylori as a single agent.'? Further studies are
warranted to assess the previously described effect of
lactoferrin as an additive to standard eradication
therapies.'*

ACKNOWLEDGEMENTS AND AFFILIATIONS

We would like to acknowledge the work of Luke
Goodwin, our Research Nurse, in recruiting and
screening of potential subjects for this study. We would
like to thank Agennix Incorporated, Houston, Texas for
funding the study and for supplying the recombinant
human lactoferrin.

REFERENCES

1 Vorland LV. Lactoferrin: a multifunctional glycoprotein.
APMIS 1999; 107: 971-81.

2 Johansen BG. Isolation of an iron containing red protein from
human milk. Acta Chem Scand 1960; 14: 510-2.

3 Arnold RR, Brewer M, Gauthier JJ. Bactericidal activity of
human lactoferrin: sensitivity of a variety of microorganisms.
Infect Immun 1980; 28: 893-8.

4 Bellamy W, Takase M, Yamauchi K, et al. Identification of the
bactericidal domain of lactoferrin. Biochem Biophys Acta
1992: 1121: 130-6.

5 Rainard P. Bacteriostasis of Escherichia coli by bovine lactofer-
rin, transferrin and immunoglobulins (IgG1, IgG2, IgM) acting
alone or in combination. Vet Microbiol 1986; 11: 103-15.

6 Ellison RT, Giehl TJ], La Force FM. Damage of the outer
membrane of enteric gram-negative bacteria by lactoferrin
and transferrin. Infect Immun 1988; 56: 2774-81.

7 Tomita M, Bellamy W, Takase M, et al. Potent antibacterial
peptides generated by pepsin digestion of bovine lactoferrin.
J Dairy Sci 1991; 74: 4137-47.

8 Wada T, Aiba Y, Shimizu K, et al. The therapeutic effect of
bovine lactoferrin in the host infected with Helicobacter pylori.
Scand ] Gastroenterol 1999; 34: 238—43.

9 Kijlstra A, Jeurissen SH. Modulation of classical C3 convertase
of complement by tear lactoferrin. Immunology 1982; 47:
263-70.

10 Crouch SP, Slater KJ, Fletcher J. Regulation of cytokine release
from mononuclear cells by the iron binding protein lactofer-
rin. Blood 1992; 80: 235-40.

11 Miehlke S, Reddy R, Osato MS, et al. Direct activity of
recombinant human lactoferrin against Helicobacter pylori.
J Clin Micro 1996; 34: 2593-4.

12 Dial EJ, Romero JJ, Headon DR, et al. Recombinant human
lactoferrin is effective in the treatment of Helicobacter felis-
infected mice. ] Pharm Pharmacol 2000; 52(12): 1541-6.

© 2003 Blackwell Publishing Ltd, Aliment Pharmacol Ther 17, 125-129



13

14

15

16

17

18

19

20

© 2003 Blackwell Publishing Ltd, Aliment Pharmacol Ther 17, 125-129

LACTOFERRIN IN THE TREATMENT OF H. PYLORI INFECTION

Opekun AR, El-Zaimaity HMT, Osato MS, et al. Novel therapies
for Helicobacter pylori infection. Aliment Pharmacol Ther
1999; 13: 35-41.

Di Mario F, Aragona G, Dal Bo N, et al. Potential use of
lactoferrin in a 7 days triple therapy for Helicobacter pylori
eradication: a pilot study. 4th Western Pacific Helicobacter
pylori Congress, Perth, Western Australia, 3—6 March 2002.
Ward PP, Piddington CS, Cunningham GA, et al. A system for
production of commercial quantities of human lactoferrin: a
broad spectrum natural antibiotic. Bio/Technology 1995; 13:
498-503.

Husson MO, Legrand D, Spik G, et al. Iron acquisition by
Helicobacter pylori: Importance of human lactoferrin. Infect
Immun 1993; 61: 2694-7.

Nakao K, Imoto I, Gabazzo EC, et al. Gastric juice levels of
lactoferrin and Helicobacter pylori infection. Scand ] Gast-
roenterol 1997; 32: 530—4.

Nakao K, Imoto I, Ikemura N, et al. Relation of lactoferrin
levels in gastric mucosa with Helicobacter pylori infection and
with the degree of gastric inflammation. Am ] Gastroenterol
1997; 92: 1005-11.

Leitch EC, Willcox MD. Lactoferrin increases the susceptibility
of S. epidermidis biofilms to lysozyme and vancomycin. Curr
Eye Res 1999; 19: 9-12.

Alkawash M, Head M, Alshami I, et al. The effect of human
lactoferrin on the MICs of doxycycline and rifampicin for

21

22

23

24

26

27

129

Burkholderia cepacia and Pseudomonas aeruginosa strains.
] Antimicrobial Chemother 1999; 44: 385-7.

Fowler CE, Soothill JS, Oakes L. MICs of rifampicin and chlo-
ramphenicol for mucoid Pseudomonas aeruginosa strains are
lower when human lactoferrin is present. ] Antimicrobiol
Chem 1991; 40: 877-9.

Leitch EC, Willcox MDP. Lactoferrin and lysozyme exhibit
synergistic anti-staphylococcal properties. ] Med Microbiol
1998; 47: 837-42.

Perri F, Clemente R, Pastore M, et al. The 13C-urea breath test
as a predictor of intragastric bacterial load and severity of
Helicobacter pylori gastritis. Scand ] Clin Laboratory Invest
1998; 58: 19-28.

Peura DA, Pambianco DJ, Dye KR, et al. Microdose 14C-urea
breath test offers diagnosis of Helicobacter pylori in 10 minutes.
Am ] Gastroenterol 1996, 91: 233-8.

Graham DY, Klein PD. Accurate diagnosis of Helicobacter
pylori. Gastroenterology clinics of North America. Part II.
Helicobacter pylori 2000; 29: 885-93.

Van de Wouw BA, deBoer WA, Hermsen HW, et al. Usefulness
of the 14C-urea breath test as a semi-quantitative monitoring
instrument after therapy for Helicobacter pylori infection.
Scand ] Gastroenterol 1997; 32: 112-7.

Weinberg ED. Human lactoferrin: a novel therapeutic with
broad spectrum potential. ] Pharm Pharmacol 2001; 53:
1303-10.



Copyright © 2002 EBSCO Publishing



