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Abstract

Background: Oral mucositis (OM) is an important acute adverse effect of anticancer therapy. This condition pres-
ents high morbidity and may lead to the suspension of anticancer therapy.

Material and Methods: We reviewed the literature on the pathobiology of OM and the properties of erythromycin
(EM), to consider the possibility of its use for the prevention and treatment of OM. We searched the PubMed,
Scopus and Web of Science databases and selected complete articles published in English or Spanish that met the
inclusion criteria. The search terms “erythromycin”, “inflammation”, “immunomodulation” and “oral mucositis”
were used.

Results: The control of free radicals, transcription factors and pro-inflammatory cytokines has been considered
as the key to the management of OM. EM has the ability to modulate oxidative stress, acts on the transcriptional
system and inhibits the production of several cytokines that have been directly implicated in OM pathobiology.
Conclusions: The present review suggests that EM could be effective in the treatment of OM. Experimental stud-
ies investigating the use of EM in OM should be encouraged.
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Introduction

Oral mucositis (OM) is an important acute adverse ef-
fect of anticancer therapy and can be considered the most
serious non-hematological complication of oncologic
treatment. Clinically, it is characterized by the presence
of erythema, erosive lesions and painful ulcers. It may

be accompanied by dysphagia, taste changes, weight
loss and opportunistic infections (1). The incidence and
severity of lesions depends on the therapeutic regimen
employed. It occurs in approximately 20 to 40% of pa-
tients receiving conventional chemotherapy (CT), 60 to
85% of the ones undergoing high-dose CT as condition-
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ing for hematopoietic stem cell transplantation and 80 to
100% of patients receiving head and neck radiotherapy
(2). OM presents high morbidity and may lead to the
suspension of anticancer therapy, negatively interfering
with the patient's prognosis.

The pathogenesis of OM is a dynamic process, classi-
cally divided into five stages: initiation, upregulation,
signal amplification, ulceration and healing. lonizing
radiation and CT induce direct DNA damage, gen-
eration of reactive oxygen species (ROS), and death of
basal epithelial cells. Afterwards, there is activation of
the innate immune response and nuclear transcription
factors and the production of inflammatory cytokines.
Such events lead to signal amplification and consequent
ulceration. At the end of antineoplastic treatment, cell
migration and proliferation occur, culminating with
healing (2-3). Interventions to prevent and reduce the
incidence of these lesions are necessary; however, there
is no gold standard substance for the treatment of OM.
Erythromycin is a 14-member macrolide originally dis-
covered in the 1950s. It has broad-spectrum antimicrobi-
al action, inhibiting bacterial protein synthesis. Studies
have shown that erythromycin has immunomodulatory
and anti-inflammatory activity independent of its anti-
microbial action (4-6). This substance can suppress the
production of inflammatory cytokines and activation of
nuclear transcription factors and can promote the apop-
tosis of inflammatory cells (7). Furthermore, it can in-
hibit bacterial biofilm formation even in acute wounds
(8). It was reported that the use of topical erythromycin
in the oral cavity was able to reduce the inflammatory
process of traumatic ulcers, favoring tissue repair (9).
Thus, due to its properties, mechanism of action and
favorable results in the treatment of inflammatory dis-
orders, we consider the use of erythromycin in the man-
agement of OM. Therefore, the objective of this review
was to evaluate the therapeutic viability of erythromy-
cin in the prevention and treatment of OM on the basis
of the available scientific literature.

Material and Methods

Accordingly, we carried out a literature review in the
PubMed, Scopus and Web of Science databases. We
used the terms "erythromycin”, "inflammation", "im-
munomodulation" and "oral mucositis" to search for full
articles published in English or Spanish. There were
no restrictions regarding the year of publication and
the studies retrieved were published before May 2021.
All types of articles (pre-clinical studies, clinical trials,
review articles) were included. Additional papers were
obtained from the reference lists. We selected studies
investigating mechanisms of action, indications and
possible uses of erythromycin. Publications regarding
the pathobiology, clinical aspects and forms of treat-
ment of OM were also included.
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Results

A total of 583 papers were found in the databases. After
exclusion of duplicated papers, the title and abstracts of
the papers were reviewed. The papers which fulfill the
inclusion criteria of the pre-sent study were included, as
well as the references within them.

- Oral mucositis

OM is classified as an epithelial and subepithelial in-
jury secondary to antineoplastic therapy (3,10). Among
patients receiving CT or myelosuppressive CT, the first
signs of OM (erythema and atrophy) generally appear
about three or four days after the beginning of therapy
and the formation of ulcerated lesions follows. Between
the first and second weeks, the cytotoxic effect gradu-
ally becomes more severe, showing greater intensity of
OM. In most cases, the ulcers spontaneously heal at the
end of the third week (1-2).

The lesions are typically very painful and may require
the use of opioid analgesics (10). Consequently, reduc-
tion in the quality of life of these patients due to dyspha-
gia with solid and liquid foods, lack of speech muscle
coordination and pain or discomfort, while swallowing
has been reported (1). Furthermore, ulcers are a poten-
tial source of septic complications because of the loss of
protective epithelial and basement membrane barriers.
The literature presents some factors related to patients
that can contribute to the onset of OM, such as age older
than 65 years, poor oral hygiene, periodontitis, salivary
gland dysfunction, below average nutritional status,
chronic diseases (e.g., diabetes) and smoking. Other risk
factors include CT dose and protocol, concomitant head
and neck radiotherapy (1,11).

Over the years, several grading scales have been pro-
posed. Table 1 shows the comparison of different OM
scoring scales (12-14). The use of these instruments al-
lows the assessment of aspects related to the signs, symp-
toms and morbidity associated with injuries. In addition,
the standardization of clinical analysis is important to as-
sess the effectiveness of a specific treatment. The Nation-
al Cancer Institute (NCI) and World Health Organization
(WHO) criteria are widely used for simplicity and ease of
application because they combine objective and function-
al aspects (15). The Radiation Therapy Oncology Group
(RTOG) scale is used to evaluate objective and subjective
criteria associated with radiotherapy-induced OM (14).
The management of the most severe cases of OM (grades
3 and 4) is a challenge for physician, since severe OM
limits therapeutic doses of CT and radiotherapy and
changes clinical protocols. Another important factor is
the considerable economic impact, due to costs asso-
ciated with the treatment of signs and symptoms and
the need for hospitalization. In this perspective, several
substances have been employed in an attempt to reduce
the incidence and severity of lesions, as well as to favor
the repair process.
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Table 1: Oral mucositis grading scales.
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Scale Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
E Presence of
rythema, pres-
No sign or Erythema and ence of painful Presenqe ofulcers | ulcers, unabl;
WHO (12) & Y p : and pain; unable | to swallow, with -
symptom oral soreness ulcers and solid ¢ lid food dof |
diet tolerated o eat solid foo need of parentera
or enteral support
Confluent ulcers;
No sien or Irritation; Patchy ulcers; may include Ulcers,
RTOG (13) s mgto not requiring | may require mod- | severe pain re- hemorrhage or -
ymptom analgesia erate analgesia quiring opioid necrosis
analgesics

A . Moderate pain or Life-threatening

symptomatic or e .

- ulcer that Severe pain; consequences;

NCI-CTAE mild d interf interferi h Death
Version 5 (14) - symptoms oes not interfere | interfering with | urgent eat
with oral oral intake intervention indi-
intake cated

WHO: World Health Organization; RTOG: Radiation Therapy Oncology Group; NCI: National Cancer Institute; CTAE: Common Terminol-

ogy Criteria for Adverse Events.

The use of anti-inflammatory substances, systemic
antimicrobials, topical anesthetics, laser therapy, cryo-
therapy and growth factors has been highlighted by
several studies (10,16-17). The only agent approved by
the Food and Drug Association (USA) is palifermin (re-
combinant human keratinocyte growth factor), but its
use is limited to patients with hematologic malignancies
who received myelotoxic therapy, besides being limited
due to the considerable associated cost (16).
Pathobiology of OM

Initially, it was believed that the damage caused by an-
tineoplastic treatment would be limited to the oral and
gastrointestinal epithelium. Radiotherapy and most CT
agents do not act selectively and kill both malignant and
normal cells, especially fast-growing cells (2).

In 2004, Sonis (3) proposed the five-stage model indi-
cating that the initial damage occurs in basal layer and
submucosal cells (Fig. 1). Direct damage consists of
DNA strand breaks and indirect damage of the gen-
eration of free radicals, which contribute to the onset
of oxidative stress. In the next stage, these biological
events induce the activation of several transcriptional
pathways, such as nuclear factor kappa B (NF-xB). This
factor is responsible for the upregulation of more than
200 genes involved in the production of pro-inflamma-
tory cytokines and enzymes that result in DNA dam-
age, cell injury and cell death.

In the signal amplification phase, inflammatory cyto-
kines have the ability to upregulate transcription fac-
tors (positive feedback). This effect is observed mainly
between tumor necrosis factor-o (TNF-o) and NF-kB,
resulting in direct tissue damage and major structural
changes in the submucosa. The epithelium then breaks
down leading to the ulceration phase, in which there is
the formation of deep, broad and painful lesions, cov-
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ered by a pseudomembrane composed of cell remnants
and fibrin, a clinical feature that favors microbial colo-
nization. Gram-positive and Gram-negative bacteria
may be able to invade tissues, inducing bacteremia. In
the case of neutropenic patients, secondary bacterial
colonization creates a significant risk of sepsis. In ad-
dition, products from the bacterial cell wall stimulate
the production of inflammatory cytokines and release of
metalloproteinases, which contribute to increased tis-
sue injury.

After antineoplastic therapy has been completed, the
tissue is gradually recovered with activation of en-
zymes that enhance angiogenesis. In the healing phase,
the extracellular matrix provides signals to the epithe-
lium influencing cell migration, proliferation and dif-
ferentiation, promoting the reconstruction of the sub-
mucosa and the epithelial barrier.

- Erythromycin

Erythromycin (EM) is part of the macrolide antibiot-
ic group, having a lactone ring with 14 carbon atoms.
Isolated from the culture of Streptomyces erythreus, it
was the first macrolide introduced in clinical practice.
It has good tissue penetration and antimicrobial activ-
ity, especially against Gram-positive cocci and to lesser
extent Gram-negative bacteria (18). Erythromycin has
been used for treating various respiratory infections,
prophylaxis of neonatal conjunctivitis, skin infections,
rheumatic fever prophylaxis, syphilis, and pelvic in-
flammatory disease. Its mechanism of action is based
on the inhibition of protein biosynthesis by binding
to the 50S ribosomal subunit of susceptible bacteria.
This drug does not act on the 40S and 60S ribosomal
subunits, which are specific to mammalian cells. The
side effect of erythromycin includes nausea, abdominal
pain, and diarrhea (19).
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Fig. 1: Model of pathobiology of oral mucositis. Created with BioRender.com.

It has been reported in the literature that macrolides have
the ability to modify the inflammatory response and
regulate one or more functions of the immune system
(20). The immunomodulatory activity of EM has been
extensively investigated in respiratory disorders, char-
acterized by exacerbated inflammatory response and
deleterious effects on tissues. Table 2 presents pre-clin-
ical studies showing the effects of EM on cell function,
inflammatory cytokines and oxidative stress (7,21-31).
Cytokine responses and signaling pathways

Cytokines and chemokines have been described as
regulatory keys for inflammatory response (32). As
shown in Table 2, EM has demonstrated the ability to
suppress or inhibit the production of pro-inflammatory
cytokines such as interleukin 1p (IL-1p), interleukin 6
(IL-6), interleukin 8 (IL-8) and TNF-a in response to
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specific stimuli. The production of these cytokines is
carried out by a variety of cell types, including mac-
rophages, eosinophils, neutrophils, lymphocytes and
bronchial epithelial cells and are responsible for ampli-
fying the immune response through positive feedback
loops (7,29,32).

There seems to be a consensus among authors that
such evidence would be related to EM ability to alter
intracellular signaling, particularly through the inhi-
bition of NF-kB activation and expression of activator
protein 1 (AP-1). NF-xB is one of the most studied fac-
tors and responsible for the regulation of more than 200
genes; it has been associated with immune responses,
inflammation and cancer (33). Ren et al (4) investigated
the effect of EM on murine macrophage cells stimulated
by bioparticles.
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Table 2: Pre-clinical studies involving immunomodulatory effects of erythromycin in airway diseases.

Authors

Model

Concentration/
time

Outcome

lino et al, 1992
21

Cell culture
(Human monocytes)

Doses ranging from 107
to 10" ug/mL.
24 h

At concentrations of 10-'ug/mL or more,
EM inhibited TNF-o release from human
monocytes stimulated in a dose-dependent
manner.

Takizawa et al, 1995 (22)

Cell culture
(Normal human bron-

Doses ranging from 107
to 10° M.

EM suppressed IL-6 expression in a dose-
dependent and non-cytotoxic concentra-

pulmonary fibrosis

chial epithelial cells) 24 h tion.
Chen et al, 1997 Rats 173 mg/kg/day Alveolar macrophage-derived TNF-a was
(23) Bleomycin-induced intraperitoneal. decreased in EM group on days 7, 14 and

1, 3,7, 14 and 28 days of
treatment

28. In addition, inflammatory cell accu-
mulation was inhibited in the lungs.

Aoki and Kao, 1999 (24)

Cell culture
(Human T-cell -Jurkat)

Doses ranging from 10~
to 104 M.
lh

EM significantly inhibited the expression
of IL-8 and activity of NF-kB.

Desaki et al, 2000
@)

Cell culture
(Human bronchial epi-
thelial cells - BET-1A)

Doses ranging from 107
to 10° M.
24 -72 h

EM inhibited the activations of NF-kB and
AP-1 and suppressed mRNA expression as
well as the release of IL-8 at therapeutic
and non-cytotoxic concentrations.

lanaro et al, 2000
(25

Rats
Carrageenin-induced
pleurisy

10, 20 and 40 mg/kg by
intra-gastric gavage.

1 h before carrageenin
injection

EM significantly reduced the volume of
the inflammatory exudate, cell migration,
prostaglandin E2 and TNF-a levels.

Abeyama et al, 2003
(26)

Cell culture

(Human peripheral
blood leukocytes,
human leukemia cell
line -THP-1)

Concentrations of 0.1, 1
and 10 uM.
1h

EM significantly inhibited the production
of IL-6, IL-8 and reactive oxygen interme-
diates induced by lipopolysaccharides. In
addition, there was almost complete inhi-
bition of NF-kB activity.

Desaki et al, 2004
27

Cell culture
(Human bronchial epi-
thelial cell line - BET-1A)

Doses ranging from 107
to 10 M.
24 h

TNF-a-induced activation of NF-kB was
inhibited by pre-incubation with EM.

He et al, 2008

Cell culture

Concentrations of 1, 5,

EM decreased the synthesis of IL-8 and

lung inflammation

(28) (Human bronchial 10 and 100 pg/ml. suppressed the levels of intracellular
epithelial cell line - 24-60h glutathione induced by H,O, in 16HBE
16HBE) cells. These results were associated with

decreased binding of the transcription fac-
tors NF-xB and AP-1.

Bai et al, 2012 Rat 100 mg/kg/day EM reduced inflammatory infiltrate (neu-

(29) Model of smoke-induced | gavage trophil, macrophage and lymphocyte

9 weeks of treatment

count) and levels of TNF-o and IL-8 in the
lungs of rats.

Zhou et al, 2012
(30)

Rat

Model of cigarette-
smoke-induced emphy-
sema

100 mg/kg/day
orally
2 weeks of treatment

EM suppressed airway inflammation

and maintained the integrity of airway
epithelium, with a significant reduction of
TNF-a.

Cai et al, 2014
(3D

Rat
Model of hyperoxia-
induced lung injury

50 mg/kg/day
intravenous
7 and 14 days of treatment

InEM-treated groups, glutathione expression
increased significantly at 14 days, and IL-13
levels were significantly reduced at 7 days.

EM: erythromycin; TNF-a: tumor necrosis factor alpha; IL-6: interleukin 6; IL-8: interleukin 8; NF-kB: nuclear factor kappa B; AP-1: activator

protein 1; IL-1f: interleukin 1.

Pre-treatment with EM (5§ pg/ml) significantly reduced
NF-«kB activity and the gene copy number of IL-13 and
TNF-a. Similar results were observed by Uchimura et
al (5) in an osteoarthritis model and Hirano et al (6)
in autoimmune myocarditis in rats. The authors suggest
that the effect of EM on signaling pathways and cyto-
kine production may result in the modification of cell
functions such chemotaxis, phagocytosis and oxidative
burst, favoring the resolution of prolonged inflammation.
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EM and oxidative stress

ROS are unstable molecules, products of normal cellular
metabolism, and have an important role in cell signaling
and homeostasis (34). Overproduction of these molecules
results in oxidative stress, which can be induced by vari-
ous factors, such as infection, inflammation, hypoxia and
ionizing radiation (30). The antioxidant defense system
has the function of inhibiting and reducing damage caused
by the harmful action of free radical homeostasis (34).
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Studies suggest that macrolide antibiotics have intrin-
sic antioxidant properties at the level of reducing the
generation of ROS or increasing intracellular tolerance
to ROS (18,26,28). Katayama et al (35) evaluated the
neuroprotective effects of EM against cerebral isch-
emia in rats. Treatment with EM (50 mg/kg) suppressed
post-ischemic lipid peroxidation products and oxidative
DNA damage and reduced the inflammatory process.
The authors suggested that an antioxidant effect was
clearly mediated through the suppression of ROS.

The increase in intracellular tolerance to free radicals
can be observed from the activity of the enzymatic an-
tioxidant system. Superoxide dismutase and glutathione
play an important role in the prevention of damage in-
duced by ROS (28). Morikawa et al (36) assessed the ef-
fect of EM in patients with diffuse panbronchiolitis and
observed an increase in superoxide dismutase activity.
Similarly, Cai et a/ (31) observed an increase in gluta-
thione activity in rats treated with EM in a model of
hyperoxia. These findings were accompanied by sup-
pression of inflammatory cytokines and attenuation of
the clinical features.

Discussion

OM is a very common, potentially severe side effect,
caused by anticancer therapy. The cytotoxic effect on
the oral mucosa, causes an imbalance in the redox state
and stimulates the production of pro-inflammatory me-
diators responsible for tissue damage. We hypothesize
that EM would present properties that could assist in the
management of this condition, reducing the incidence
and severity of the lesions. However, there are no studies
in the literature, so far, related to the use of EM for OM.
In airway disease, the immunomodulatory properties
of EM have been investigated for over 40 years (18).
Signaling pathways, cytokine responses and oxidative
stress were among the main research targets (20). In oral
medicine, studies involving the anti-inflammatory prop-
erties of EM are scarce. Teixeira et al (9) investigated
the topical effect of EM in traumatic ulcers. The use of
EM reduced local inflammation, and this outcome was
accompanied by clinical improvement of the lesions.
In this study, the review of the mechanisms of OM
pathobiology highlighted the importance of oxidative
stress for the onset and maintenance of lesions. Drugs
that target the control of free radicals and the antioxi-
dant system have shown good results (10,37). As ex-
plained, pre-clinical studies have demonstrated that EM
has the ability to modulate the production of ROS, as
well as increasing intracellular tolerance to free radicals
(18,26,28). We believe that these characteristics could
delay the appearance of lesions, as well as prevent the
occurrence of the highest degrees of OM. In addition,
EM can modulate the oxidative explosion of phago-
cytes, which could limit the tissue damage caused by
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macrophages during the ulcerative phase (38-39).
Another important point is the participation of ROS in
the activation of transcription factors. In the upregu-
lation and signal amplification stages, NF-xB activity
is essential for the modulation of pro-inflammatory cy-
tokines. Modulation of the expression of transcription
factors has been postulated as one of the main pathways
by which EM exerts its immunomodulatory activity.
Wu et al (40) evaluated the activity of EM in TNF-a-
stimulated T cells and observed the inhibition of NF-
kB. Moreover, EM influenced the proliferation and
apoptosis of these cells. These effects could prevent the
progression of OM, as well as favor tissue repair.

When considering EM as an alternative to treat com-
plications of cancer therapy, it is important to evaluate
its interaction with tumor cells. It is speculated that
drugs able to protect healthy tissues could also protect
neoplastic cells. Hamoya et al (19) investigated the che-
mopreventive effect of EM on mouse intestinal tumors.
The authors observed that treatment with EM was able
to suppress the development of intestinal polyps and de-
creased the levels of IL-6 and cyclooxygenase-2. These
results suggest that the anti-inflammatory and antioxi-
dant properties of EM would not have a protective ef-
fect on cancer cells, and conversely, EM would have a
preventive effect on carcinogenesis.

In view of the evidence presented in the literature, we
believe it is very important to investigate EM in OM
models to determine its true potential.

Conclusions

Although the scientific evidence is based on pre-clini-
cal and few clinical studies, the present review suggests
that EM could be a therapeutic option in the manage-
ment of OM. The immunomodulatory effects of EM are
probably responsible for the beneficial effects of this
drug in the treatment of various inflammatory disor-
ders. Studies investigating the use of EM in OM should
be encouraged.
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