CHAPTER 4

IMMUNOMODULATION WITH ANTIBIOTICS

Introduction

“Antibiosis” defines a close relationship between two
or more organisms that is hazardous at least to one of
them. This kind of relationship can be observed par-
ticularly between microorganisms, forcing them to
develop special traits to become more advantegous
in their struggle for the vital nutrients, elimination of
the competition and survival. Bacteria have shorter
reproduction time than most of the organisms, giving
them the advantage of rapid production to overcome
the immune response of other organisms. The fungi
are specialized in the synthesis of unique substances,
which they can kill their rivals with. The first report of
antibosis was made by Sir Alexander Fleming, in which
he described the eradication of the bacteria Staphylo-
coccus aureus by the fungi Penicillium notatum via its
secretions (Penicillin) in 1926.

Antibiosis is also one of the prominent factors un-
derlying the bacterial mutations. Bacteria mutate to
become more resistant to the detrimental effects of the
substances secreted by fungi, the so-called “antibiot-
ics” A more precise definition of “antibiotics” is that
they are substances produced by one microorganism
that selectively inhibits the growth of another. In the
course of time, this definition has been changed to
cover semi-synthetically produced antibacterial drugs.
Microorganisms can also become resistant to these
semi-synthetic molecules and render their antimicro-
bial effects useless, causing huge amounts of money
and efforts to be invested in development of new an-
timicrobial agents. But, that does not mean the “old”
antibiotics are no longer useless. Far from it, with the
discovery of the new modes of action of the antibiotics,
particularly anti-inflammatory effects, it seems these
drugs will be in use for a long time. This text summa-
rizes notable antibiotic groups and their immunomod-
ulatory effects.

Macrolides

This class of antibiotics consists of erythromycin,
roxythromycin, clarithromycin, azithromycin, and
spiramycin. They possesss a macrocyclic lactone ring,
which consists of 14 to 16 atomic members. Their
main mechanism of antimicrobial action is inhibition
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of bacterial protein synthesis. Macrolides bind to 50S
subunit of the ribosomes and interfere the translocation
of the growing polypeptide chain from the acceptor
site (A-site) to the peptidylsite (P-site or donor site).
They have a wide spectrum, which covers gram-pos-
itive cocci (except methicillin resistant Staphylococcus
aureus — MRSA), Legionella pneumophila, Campylo-
bacter jejuni, Mycobacterium avium-intracellulare,
Helicobacter pylori and also the bacteria without cell
walls, Chlamidia, Mycoplasma and Ureaplasma species.
Since C.pneumonia, M.pneumonia are among the most
common bacterial pathogens associated with commu-
nity-acquired pneumonia, macrolides have become one
of the most prescribed antibiotics in clinical practice.
Particularly, azithromycin has been found to be very
effective'. They are also frequently used to treat infec-
tions of upper respiratory tract and skin.

First observation of immunomodulatory effects of the
macrolides was reported in 1987.! Kudoh et al reported
a marked improvement in clinical symptoms and
increased life expectancy in patients with diffuse pan-
bronchiolitis (DPB), an inflammatory airway disorder
with a rapid progression and poor prognosis, treated
with eryhtromycin. Serum erythromycin level mea-
surements were below the minimal inhibitory concen-
trations, which led the researchers to associate these
clinical improvements with possible anti-inflammatory
properties of erythromycin rather than its antibacteri-
al effects. Since then, numerous studies also confirmed
the observations of Kudoh et al. As of today, not only
macrolides, but several other antibiotics have been
shown to possess anti-inflammatory and/or immuno-
modulatory properties.

Macrolides are known to exert their effects on the
immune system on various levels. They have been
shown to modulate the production of proinflammatory
cytokines (interleukin (IL)-1, IL-2, (interferon) IFN-y,
(tumor necrosis factor) TNF-a, etc) and anti-inflam-
matory cytokines, (IL-10, transforming growth factor
(TGF)-P,etc).> In vivo studies indicate that inhibitory
effects of macrolide antibiotics on proinflammato-
ry cytokines are particularly evident in patients with
cystic fibrosis (CF) and asthma.*®

Macrolides also stimulate the phagocytotic abilities
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In 2011, Dhand and et al. reported rapid clearanceof
persistant bacteriemia due to methicillin-resistant
Staphylococcus aureus (MRSA) via combined use of
anti-staphylococcal B-lactams and daptomycin.®® A
subsequent study by Sakoulas and et al. revealed similar
results. Sakoulas et al. proposed that nafcillin facilitates
the killing of MRSA by innate immune system by sen-
sitizingthe bacteria) to host defense proteins (HDPs),
particularly to cathelicidin LL-37.%

Fluoroquinolones

This class of antibiotics inhibit several enzymes
involved in the biosynthesis of bacterial deoxy-ribo-
nucleic acid (DNA). Primary targets of fluoroquino-
lones are DNA gyrase, also known as topoisomerase
II, and topoisomerse IV. DNA gyrase relaxes the su-
percoiled DNA, which occurs during the unwinding
of DNA by the enzyme helicase. Topoisomerase IV
unlinks the bacterial DNA after its replication. (Gemi-
floxacin targets both of these enzymes). Besifloxacin,
ciprofloxacin, gatifloxacin, norfloxacin, levofloxacin,
moxifloxacin, and ofloxacin are the other members
of fluoroquinolone antibiotics. The spectrum of early
quinolones, cipprofloxacine, covers gram-negative
bactreria, i.e. Pseudomonas aeruginosa, Haemophilus
influenza, Moraxella catarrhalis. They are predomi-
nantly used to treat urinary tract infections. The newer
ones (group IV - LE., moxifloxacin, gemifloxacin) have
a wider coverage and are effective against gram-pos-
itive bacteria, atypical bacteria, such as Streptococcus,
Chlamidya pneumoniae, Mycoplasma pneumonia and
also some anaerobs. Except central nervous system, flu-
oroquinolones can penetrate into all other tissues and
body compartments and therefore, they are frequently
used to treat to infections of skin, bone, intra-abdominal
cavity and also pneumonia. Their prominent side-ef-
fects are cartilage toxicity, increase risk of Steven-John-
son syndrome, prolonged QT syndrome and tendinitis.

Most reports regarding the immunomodulatory prop-
erties of quinolones come from in vitro studies with
lipopolysaccharide-stimulated human monocytes.
Inhibitory effects of many fluoroquinolones (i.e., cip-
rofloxacin, trovafloxacin, moxifloxacin, grepafloxacin,
and levofloxacin) on proinflammatory cytokines (IL-1a,
IL-1B, TNF-a, IL-6, and IL-8) have been reported.* -
In a similar study, Weiss et al. have also reported in-
hibition of IL-8, TNF-a, and IL-1f in LPS-stimulated
human peripheral blood monocytes and in the THP-1
monocytic cell line with moxifloxacin and proposed
inhibition of major inflammatory signal transduc-
tion pathways (NF-kB and mitogen-activated protein
kinase activation) as a possible underlying mechanim.*
Similar outcomes were also reported by Shalit et al in
when they treated immunocompromised rats with
moxifloxacin after intratracheal Candida albicans
injection.” They found significantly decreased levels of
IL-8, TNFa and IFNYy in lung tissue.

Conclusion

Over the last 20 years, clinical and experimental
evidence regarding immunomodulatory properties of
antibiotics is steadily increasing. Relevant reports are
coming from a wide spectrum of studies. Although
most of them have been observed in vitro settings, there
are also very promising clinical observations - i.e., dox-
ycyclin in stroke patients- , which be the first stepstones
to form immunomodulatory treatment regimens with
classical antibiotics.
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