
 

 

 University of Groningen

Anti-cytomegalovirus applications of the intrinsically active drug carrier lactoferrin
van der Strate, Barry Willem Albertus

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2001

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van der Strate, B. W. A. (2001). Anti-cytomegalovirus applications of the intrinsically active drug carrier
lactoferrin. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/0a02c9da-db0c-4410-9f22-cbeff64e0678


193

10

Summary & General Discussion.



Chapter 10194

Human cytomegalovirus (HCMV) infections are a complicating factor in
immunocompromised hosts such as AIDS-patients, transplant recipients or
premature neonates. Primary infections or reactivations in immunocompromised
subjects cause severe morbidity or even mortality. Currently, antiviral therapy in
this group of patients is complicated by side effects and the development of
antiviral drug resistance.

Targeting of antiviral drugs i.e. the selective delivery of antivirals to virus-
infected cells only, leads to higher concentration of antiviral drugs in these cells,
possibly preventing side effects. (Chemically modified) glycoproteins with an
intrinsic antiviral activity may be used as a carrier molecule for the selective
delivery of conventional antiviral drugs. The combination of antiviral drugs with
different mechanisms of action might result in a simultaneous and potentially
synergistic inhibition of different steps of the viral penetration and subsequent
replication, and additionally possibly preventing the emergence of drug resistance.

Lactoferrin (LF) is a glycoprotein that in principle can be used as an
intrinsically active carrier molecule for antiviral drug delivery. LF is abundantly
secreted in breast milk, but is also produced at different mucosal sites where it
plays an important role in the non-specific defence due to its antimicrobial
activities against bacteria and fungi. In addition, LF exerts antiviral activities
against a wide range of viruses, including HIV and CMV.

Chapter 1 gives an overview of the antiviral activity and mechanisms of
antiviral activity of LF against a wide range of viruses. For most viruses, the
antiviral effects of LF are in the early phase of infection. LF prevents viral
infection either by binding to the target cells, or by direct binding to the virus
particles. In paragraph 1.2 the aim of PhD-project is described, which was to
investigate whether LF is suitable as a carrier molecule for the selective delivery
of conventional anti-cytomegalovirus drugs. Therefore, the antiviral mechanism of
LF against CMV in vitro and in vivo needed to be established. Adequate in vitro
and in vivo infection models had to be developed or adapted to determine the
possibilities for an application of LF as an intrinsically active antiviral drug
carrier.

In Chapter 2 the importance of LF as a component of the non-specific
immune system is emphasised. LF concentrations were measured in plasma and
saliva of HIV-infected subjects who were at different stages of the development of
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AIDS. The plasma LF concentrations were significantly reduced only in end-stage
AIDS patients. Significant differences in salivary LF concentrations were not
observed.

During the development of AIDS, the specific immune system is
dramatically impaired and as a result, the non-specific immune system has to
participate to a greater extent to prevent opportunistic infections. Impairment of
the non-specific immune system, as reflected by reduced plasma LF
concentrations, renders these patients even more susceptible to opportunistic
infections. We attempted to obtain more evidence for this role of LF by
determining a relation between the titres of Candida, an opportunistic yeast
infection of the oral cavity, and salivary LF concentrations. Although we were not
able to find a clear-cut correlation, high Candida titres always coincided with low
LF concentrations in saliva.

In Chapter 3 the role of LF in the transmission of CMV to premature new-
borns is described. For decades it has been known that breast-feeding has
beneficial effects on the prevention of microbial infections of the newborn. Since
LF displays many antimicrobial properties in vitro, LF may be one of the
protective components in breast milk. In this part of the project we investigated
whether transmission of CMV to premature neonates by breast-feeding correlated
with the LF concentrations in breast milk. Therefore, we measured LF
concentrations in breast milk on a longitudinal basis and transmission of CMV to
the preterm neonate was recorded. LF concentrations in breast milk did not
correlate with transmission of CMV to the new-borns. However, the amount of
virus that was shed in breast milk was found to be a prognostic factor for
transmission. Despite the high LF levels in breast milk, when the viral load in
breast milk exceeded a certain threshold level, transmission was likely to occur.

While in Chapter 2 & 3 the protective role of LF was investigated in
clinical studies, in Chapter 4 the mechanism of antiviral activity of LF and other
positively charged proteins was studied in vitro. From earlier studies it was
already known that LF exerts its antiviral activity at an early phase of infection.
Cell binding studies with LF and other positively charged proteins showed that
these proteins probably bind to low affinity receptors on the cell membrane, the
heparan sulphate proteoglycans (HSPGs). By binding of LF to these HSPGs,
docking of virus particles is prevented and subsequent infection of the target cell
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cannot take place. In addition to its charge, also the size of the protein backbone
seemed to play an important role in the antiviral activity of the positively charged
proteins. Small proteins such as lactoglobulin or nisin were hardly effective
against CMV infection in vitro. Furthermore, synthetic peptides derived from the
N-terminus or the hinge region of LF were not antivirally active against CMV-
infection, implying that the natural conformation of LF is required for its antiviral
effect.

Interestingly, not only positively charged proteins exerted an antiviral
effect against CMV. Human serum albumin, modified by covalent attachment of
heparin groups (hepHSA) exhibits a net negative charge. Different hepHSA
variants proved to be very potent inhibitors of CMV-infection in vitro. Time-of-
addition studies demonstrated that, in contrast with the positively charged proteins,
hepHSAs bind directly to the virus particles, rather than the HSPGs on the cell
membrane. The viral glycoproteins such as gB, gH and gL are possible candidates
for the binding of hepHSA, since these proteins are essential for infection of the
target cells.

Combination of antiviral drugs with different mechanisms of action, either
given in combination or as a drug-carrier-conjugate, may prevent the development
of antiviral drug resistance.

In Chapter 5, studies are reported in which we investigated the feasibility
of combination therapy of LF with conventional antiviral drugs in vitro. For
combination therapy it is essential that the combined drugs do not antagonise each
other. An in vitro test system was developed to measure synergistic or antagonistic
activities of combinations of antiviral drugs against HCMV. In this assay we
combined LF with the currently used anti-CMV drugs: acyclovir, ganciclovir,
cidofovir and foscarnet. The combination of LF with cidofovir revealed
synergistic activities against CMV. Combination of LF with ganciclovir did
neither result in antagonism nor synergy, whereas combination of LF with
acyclovir or foscarnet resulted in strong antagonism. Binding of cidofovir to LF,
or an enhanced uptake of cidofovir by target cells in the presence of LF was not
observed and therefore could not explain the mechanism for synergy of LF with
cidofovir. Probably, entry of the target cell by the virus is sterically hindered by
LF, leading to a decreased amount of virus in the target cells, which in turn can be
inhibited more efficiently intracellularly by cidofovir.
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These data indicate possibilities for employment of the drug targeting
strategy, using cidofovir that is covalently coupled to LF. Since ganciclovir
combined with LF did not result in antagonism, this combination may also be
considered for drug targeting strategies.

Chapter 6 describes pharmacokinetic studies that were performed after
intravenous or intraperitoneal injection of LF in rats. LF was cleared rapidly from
the plasma after intravenous injection. However, injection of higher doses of LF
resulted in prolonged plasma levels. LF distributed mainly to the parenchymal
cells in the liver. A significant amount however was detected in endothelial cells
with immunohistochemistry. LF was also detected in endothelial cells in various
other organs, including bloodvessels. The uptake of LF by endothelial cells could
be confirmed by in vitro cell binding studies. Furthermore, LF was found to be
present on the membranes of various leukocytes, both in plasma as well as in
infiltrates. In addition, LF was detectable in the lymphatic fluid. A small fraction
of intact LF distributed to the general circulation after intraperitoneal injection.
The bioavailability of LF was 0.6%, but after multiple administration this
increased to 3.6%.

The data described in this chapter demonstrated that LF was able to
compartments of the body that are involved in the replication of CMV. Especially
the presence of LF in endothelial cells and leukocytes was considered to be highly
interesting, since these cells are thought to play a key role in the dissemination of
the virus during active infection.

Since our in vitro studies demonstrated a potent antiviral effect of LF,
either alone or in combination with antiviral drugs, a CMV infection model in rats,
described by others, was adapted to evaluate antiviral effects in vivo. The
development of this model is described in Chapter 7. The rat model for CMV-
infections that was described earlier, employed rats that were subjected to total
body irradiation as a means of immunosuppression to allow for maximal viral
replication. Since from literature it was known that LF has an immunomodulatory
effect, a model for antiviral testing in immunocompetent rats was required. Five
rat strains with different immunological profiles were injected intraperitoneal with
two different doses of cell-free rat cytomegalovirus (RCMV), and the viral load in
each animal was evaluated at 4 and 8 weeks post infection. The virus titres that
were detectable in salivary gland homogenates of all strains made clear, that the
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F344-strain was the most sensitive to RCMV-infection without prior
immunosuppression.

In addition, an ELISA was developed to detect the titre and subtype of
anti-CMV antibodies in the sera of these rats. The strain that was most sensitive
(F344-strain) and that was most insensitive (BN-strain) to viral infection, both
produced the highest amount of anti-RCMV antibodies with virus neutralising
capacities in vitro. Probably, the BN-strain was capable of mounting a quicker
humoral response, thereby preventing further dissemination of viral infection.
Based on these findings we hypothesised, in contrast to the current opinion, that
antibodies could prevent viral dissemination during primary infection in this rat
model.

During active HCMV infections, viral antigens can be detected in
circulating leukocytes. The virus does not replicate in these cells, but in vitro
studies have shown that these leukocytes can transfer the virus to uninfected target
cells. Therefore, it is hypothesised that CMV uses leukocytes as a vehicle for
dissemination throughout the host. In Chapter 8 the development of a more
physiological model for dissemination of a cytomegalovirus infection in the
immunocompromised host is described. In this study, RCMV DNA could be
detected in whole blood of rats that were infected with cell free RCMV
intraperitoneally. Furthermore, virus was cultured from leukocytes that were
isolated from blood. This confirmed that rats undergo a viremia that is comparable
to that observed in humans during an active CMV-infection.

Subsequently, we developed a method to generate and purify RCMV-
infected rat leukocytes. The presence of RCMV-particles and RCMV-DNA in
these leukocytes was confirmed using electron microscopy and PCR. Injection of a
small number of RCMV-infected leukocytes into the tail vene of irradiated rats
resulted in a systemic RCMV infection, as determined by the presence of virus in
salivary gland homogenates. These experiments show for the first time that CMV-
infected leukocytes can cause a systemic infection in vivo. This new insight in the
dissemination process of CMV can be used for the further unravelling of viral
dissemination and the development of new antiviral drugs that may interfere in
this dissemination process.

Now that two different rat models for RCMV-infection were available, the
antiviral effect of LF against RCMV could be evaluated in vivo.
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In Chapter 9 we described the antiviral effect of LF in both animal
models. In addition, the possibilities for combination therapy in vivo were studied
in the leukocyte mediated dissemination model. In the first model, using cell free
virus that was injected intraperitoneally, recombinant human LF (rHLF) was
administered intravenously to both irradiated and non-irradiated F344-rats. As a
positive control, ganciclovir and cidofovir treatment was applied. Unfortunately,
virus titres in the group of non-irradiated rats were not high enough to evaluate the
antiviral effect of both rHLF and ganciclovir and cidofovir. In the irradiated rats
however, a dose dependent relation between rHLF dosage and virus titres was
observed. In addition, the antiviral effect of cidofovir was confirmed, whereas
ganciclovir did not show any antiviral activity.

In the leukocyte mediated dissemination model, the antiviral effect of one
dosage of rHLF was tested. In addition, one group of animals was treated with a
combination of rHLF and cidofovir. Cidofovir proved to be antivirally active in
this model. In this set-up, an antiviral activity of rHLF could not be observed.
However, upon histochemical analysis of the organs of the treated rats, evidence
was found for antigenicity of rHLF in these rats. LF bound to mesangial cells in
the glomerulus of rHLF-treated rats, leading to a typical pattern that indicates
precipitation of immunecomplexes. Moreover, in the spleen of these rats a
colocalization of rHLF and B-cells was found, indicating the development of
antibodies against rHLF.

To measure rHLF-specific antibodies, an ELISA was developed. In both
infection models, all rats that were treated with rHLF developed serum antibodies
against rHLF. It is conceivable that these antibodies will bind to rHLF in the
serum, thereby increasing the clearance of this protein from the circulation and
subsequently preventing the antiviral function of LF. In addition, binding of
antibodies to essential regions of rHLF may disturb the antiviral properties of
rHLF. We concluded that rHLF proved to be moderately antivirally active in the
cell-free virus model. However, in both models, treatment was complicated by the
development of anti-rHLF antibodies in the rHLF-treated rats.

In summary, in this research project insight was gained on the mechanism
of antiviral activity of LF against CMV in vitro. Two different infection models
for RCMV-infections in immunocompromised rats were developed that can be
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applied for the evaluation of antiviral compounds of interest in vivo. The leukocyte
mediated dissemination model may be further exploited for unravelling the
molecular basis of the dissemination mechanism of CMV during an active
infection or reactivation. The identification of important key molecules in this
dissemination mechanism makes possible new targets for selective antiviral
therapy.

In contrast to studies reported by others, the potent antiviral activity of LF
against CMV as observed in vitro could not be confirmed in the animal studies in
the present dosage regimen in the rats. One possibility is that the development of
anti-rHLF antibodies may have contributed to the lack of antiviral effect in vivo.
Further pharmacokinetic studies will have to reveal whether the dosage regimen of
rHLF can further be optimised and if the chosen rat model can be made suitable
for testing of heterologous proteins.

Finally, the present data observed in rat studies do not exclude that LF can
be used an intrinsically active carrier molecule for drug targeting to CMV-
infections. Alternative animal models should be developed for further explorations
of new anti-CMV therapeutics apart from potential testing of human LF directly in
the human condition…




