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Abstract
Goal of work The aim of this study was to investigate the
expression of pro-apoptotic protein p53 and anti-apoptotic
proteins BCl-2 and MCl-1, as well as the expression of pro-
inflammatory cytokines tumor necrosis factor (TNF) and
interleukin-1beta (IL-1β) in patients developing mucositis
during radiotherapy for head and neck cancer.
Materials and methods Thirty-five patients receiving ra-
diotherapy for head/neck cancer were included in this study.
Patients were examined before radiotherapy. Oral mucositis
was recorded weekly during radiotherapy. Cytologic smears
from the oral cavity were taken with a brush. Immunocy-
tochemical staining was performed by the use of p53, BCl-
2, MCl-1 TNF and IL-1β monoclonal antibodies.

Main results P53 was expressed in 1 of 15 smears before
the initiation of radiotherapy (6.5%) compared to 3 of 7
smears from patients with grade III mucositis (43%) during
radiotherapy. BCl-2 was expressed in 15 of 15 smears
before radiotherapy (100%) and in three of seven patients
with grade III mucositis (43%) during radiotherapy. MCl-1
was expressed in 10 of 14 samples before radiotherapy
(71.5%) and in two of seven patients with grade III (28.5%)
mucositis during radiotherapy. TNF was expressed in 9 of
14 patients before radiotherapy (64%) and in six of seven
patients with grade III mucositis during radiotherapy (86%).
IL-1β was detected in 7 of 14 patients before radiotherapy
(50%) compared to 6 of 7 patients with grade III mucositis
during radiotherapy (86%).
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Conclusion Our preliminary results indicate an induction of
apoptosis and inflammation in the oral mucosa in patients
developing mucositis during radiotherapy for head/neck
cancer.
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Introduction

Mucositis is a painful and debilitating side effect of many
of the chemotherapy and radiation regimens used to treat
cancer [47]. Oral mucositis occurs in approximately 40% of
patients receiving conventional dose chemotherapy, 75% of
patients receiving myeloablative chemotherapy for stem-
cell transplantation and in nearly all patients receiving
radiotherapy for head and neck cancer [28, 39, 50, 51].

Oral mucositis is associated with significant health and
economic costs. It can result in pain and a decreased quality
of life, and it is considered to be the most debilitating and
troublesome side effect of therapy from the patient’s
perspective [6, 43, 47]. Mucositis is also associated with
higher risk of local and systemic infection (since the
ulcerations provide a portal of entry for oral bacteria) and
increased length of hospitalization [15]. In patients with
severe mucositis, modification or even interruption of
antineoplastic treatment is often required. Finally, the
increased use of a variety of healthcare resources results
in additional cost [49].

Current evidence indicates that the aetiology of mucosi-
tis is complex, involving change in gene expression, altered
apoptosis and interaction between epithelial and subepithe-
lial compartments [10]. It is now clear that mucosal injury
results from a series of events in which cellular mediators
play an important role [47]. Tumor necrosis factor (TNF),
interleukin-1beta (IL-1β) and interleukin-6 (IL-6) are well-
known pro-inflammatory cytokines involved in local and
systemic inflammatory reactions [18]. Increased levels of
TNF and IL-6 were found in the peripheral blood of
patients receiving chemotherapy who demonstrated non-
hematologic toxicities, compared with those who did not
manifest such toxicities [22]. Similarly, patients during pre-
transplant conditioning who developed post-transplant
complications had significantly higher TNF levels than
those without complications [42]. Subsequent animal
studies demonstrated increased cytokine levels (IL-1β,
TNF, IL-2 and TGFβ) not only in peripheral blood, but
also within the oral mucosa following radiation [48].

Apoptotic cell death is an important component of
regimen-related mucosal injury [4]. Both radiotherapy and
chemotherapy damage the intestinal lining and cause
apoptosis rather than necrosis of epithelial crypt cells and

crypt hypoplasia [3, 9]. Keefe et al. [27] reported that in
patients receiving chemotherapy, apoptosis increased sev-
enfold in intestinal crypts at 1 day and preceded hypoplastic
villous atrophy and loss of enterocyte height. Potten et al.
[40] found that apoptosis was markedly induced in
intestinal crypts of mice after irradiation or combined
radiotherapy and chemotherapy.

Several studies in animals and human cancer cell lines
have described high pro-apoptotic (such as p53, Bax, Bak,
Caspase-3) and low anti-apoptotic (such as BCl-2, MCl-1)
protein expression in intestinal crypts of small intestine
after the administration of chemotherapy and/or radiother-
apy and correlated this to high levels of apoptosis which
results in intestinal mucositis [8, 26, 29, 38].

Pro-apoptotic, anti-apoptotic and pro-inflammatory pro-
teins expressed in the oral mucosa in head and neck cancer
patients who receive radiotherapy and develop mucositis
have not been investigated. Therefore, the aim of this study
was to investigate the expression of pro-apoptotic protein
p53 and anti-apoptotic proteins BCl-2 and MCl-1, as well
as the expression of pro-inflammatory cytokines TNF and
IL-1β, within the oral mucosa in patients developing
mucositis after receiving radiotherapy for head and neck
cancer. The hypothesis of our study was that pro-apoptotic
proteins and pro-inflammatory cytokines would be in-
creased, whereas anti-apoptotic markers would be de-
creased in patients developing oral mucositis after
receiving radiotherapy for head/neck cancer.

Materials and methods

Patients

Thirty-five patients referred from the cancer centres of five
Athens hospitals, with malignant head and neck tumor,
eligible to receive radiotherapy, were included in the study.
General blood tests and liver and renal functions were
within normal limits. Karnofsky performance status ranged
between 80 and 100%. All patients were thoroughly
informed about their disease and the treatment they would
receive. All patients signed an informed consent form. This
study was approved by the Dental School of Athens Ethics
Committee. Standard oral mucosal and dental care was
introduced to all patients.

Radiotherapy

Patients were irradiated with a 6-MV linear accelerator.
Approximately 16 patients received radical and 19 patients
received postoperative radiotherapy (RT). The primary
tumor and draining lymphatics were treated with parallel
opposed fields. Supraclavicular and low neck nodes were
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treated with an anterior field. The daily and the total
radiation dose are shown in Table 1. The lateral-field doses
were reduced after 40–43 Gy to avoid overdosage to the
spinal cord. The regional nodes were irradiated to a total
dose of 45–61 Gy, depending on the nodal stage.
Concomitant chemotherapy, including two cycles of cispla-
tinum (100 mg/m2 on days 1 and 28 of RT) and 5-
fluorouracil (800 mg/m2 on days 1–5 and 28–32 of RT),
was administered to 14 patients (40%). Table 1 shows
patient characteristics, tumor diagnosis and type and dose
of RT.

Oral clinical evaluation

Patients were examined before the initiation of radiotherapy
and on weekly basis during the radiotherapy period. Oral
mucosa evaluation was performed in every visit by the
same two oral-medicine specialists. The scoring of oral
mucositis was recorded using the EORTC/RTOG criteria
(Table 2) [12].

In addition, oral mucositis was differentially diagnosed
from local infection, which was treated accordingly. Oral
mucositis grade I was differentially diagnosed from
erythematous candidiasis. Oral ulcerative/pseudomembrane
mucositis (grades II, III, IV) was differentiated from
pseudomembranous candidiasis and herpes simplex virus-1
(HSV-1) infection.

The presumptive diagnosis of oral candidiasis was based
on the criteria reported previously by Nicolatou-Galitis
et al. [35, 37].

The presumptive diagnosis of HSV-1 infection was
based on the criteria reported previously by Nicolatou-
Galitis et al. [36].

Cytology

Cytologic smears were taken with a brush from the right
and left buccal area of patients before the initiation of
radiotherapy. During the radiotherapy period, smears were
taken on a weekly basis. In patients who did not develop
ulcerative mucositis, the samples were collected from the
right and left buccal areas, whereas in patients who
developed ulcerative mucositis (grades II, III and IV), the
smears were taken from the ulcers and the surrounding
area.

Eight glass slides with specimens were prepared from
each collection site of the patients. Two of them were fixed
with 96% alcohol and were stained with Papanicolaou stain
for verification of the type of cells obtained (Fig. 1). The
rest of the specimens were prepared for immunocytochem-
ical study. These specimens were air dried, fixed for 10 min
in cold acetone (−10°C) and stored at −70°C until use.
Immunocytochemical staining was performed by the
Avidin–Biotin Complex immunoperoxidase method [25].
Smears were incubated for 45 min with normal horse serum
diluted 1:50 in phosphate-buffered saline (PBS; Dakopatts,
Glostrup, Denmark) to reduce background staining. The
primary antibodies p53 (1:50 dilution; Menarini, Italy),
BCl-2 (1:50 dilution; Menarini), MCl-1 (1:50 dilution;
Menarini), TNF (1:50 dilution; Menarini) and IL-1β (1:50
dilution; Menarini) were incubated for 40 min followed by
incubation with the secondary antibody for 30 min and an
avidin-biotin-peroxidase complex for 30 min. Peroxidase
enzyme staining was achieved by incubation with 3-amino-
9-ethyl carbazole and hydrogen peroxidase for 10 min.

Table 1 Patient demographics, tumor classification, type and dose of
RT

Parameter N %

Sex
Male 22 62.8
Female 13 37.2

Age
Median 56.6
Range 19–86

Tumor histological diagnosis
Oral SCca 20 57.1
Npca 9 25.7
Salivary adenoca 3 8.5
Lymphomas 1 2.8
Laryngeal ca 1 2.8
Other 1 2.8

Tumor stagea

T1 5 14.2
T2 17 48.5
T3 8 22.8
T4 4 11.4

Node stagea

N0 11 31.4
N1 14 40
N2 9 25.7

Type of RT
Radical 16 45.7
Postoperative 19 54.2

Daily dose
1.8 5 14.2
2.0 25 71.4
2.3 5 14.2

Total dose
Median 62
Range 24–72

Concomitant chemotherapy 14 40

SCca Squamous cell carcinoma, NPca nasopharyngeal carcinoma, RT
radiotherapy
aOne patient not included (one patient with non-Hodgkin’s lymphoma;
i.e., n=1)
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Between incubations, the smears were rinsed with PBS
solution (0.05 μl/l, pH 7.6). Smears were counterstained
with Mayer’s haematoxylin and covered with mounting
medium (Glycergel, Dako, Glostrup, Denmark). Control
slides were incubated with PBS solution. Immunocyto-
chemical reactivities were evaluated by calculating the
proportion of positively stained cells in at least ten visual
fields. The intensity of staining was scored on a four-point
scale: 0 = no staining, 1 = weak but unequivocal staining,
2 = definite staining of moderate intensity, 3 = strong
staining.

Results

Seven of the smears were taken from patients with grade III
mucositis during the study.

The pro-apoptotic marker p53 was weakly expressed in
1 of 15 smears from patients with grade 0 mucositis (6.5%)
before the initiation of radiotherapy and in three of seven
smears from patients with grade III mucositis (43%) during
the radiotherapy period (Figs. 2 and 3).

The anti-apoptotic marker BCl-2 was weakly expressed
in 15 of 15 smears from patients with grade 0 mucositis

(100%) before the initiation of the treatment and in three of
seven patients with grade III mucositis (43%) after the
initiation of radiotherapy (Figs. 4 and 5).

In the pre-RT smears, the antiapoptotic marker MCl-1
was expressed in 10 of 14 samples with grade 0 mucositis
(71.5%), in three of which the expression was moderate to
strong (19%). In patients with grade III mucositis during
RT, MCl-1 was weakly expressed in two of seven patients
(28.5%; Figs. 6 and 7).

TNF was expressed in 9 of 14 patients with grade 0
mucositis (64%; strongly in 36% of them) before radio-
therapy and in six of seven patients with grade III mucositis
(86%; strongly in 57% of them) during radiotherapy (Figs. 8
and 9).

Before the initiation of radiotherapy, weak to moderate
expression of IL-1β was detected in 7 of 14 patients with
grade 0 mucositis (50%) compared to 6 of 7 patients with
grade III mucositis (86%) during the radiotherapy period
(Figs. 10 and 11).

In smears taken from patients with an increase of
mucositis severity within two consecutive examinations,
we observed up-regulation of p53 expression in 2 of 12
patients (17%), down-regulation of BCl-2 expression in 3
of 12 patients (25%), down-regulation of MCl-1 expression
in 3 of 9 patients (33%), up-regulation of TNF expression
in 4 of 9 patients (44%) and up-regulation of IL-1β
expression in 7 of 9 patients (78%).

In smears taken from patients with a reduction of the
grade of mucositis (healing), the expression of p53
appeared to be down-regulated in 50% of smears, whereas
the expression of BCl-2 and MCl-1 appeared to be up-
regulated in 75 and 100% of smears, respectively.

The same measurements were made for the patients with
less severe mucositis (grade I and II), and the results
showed a tendency towards the same direction but less
clear. Thus, for the present preliminary report, only the data
for patients with mucositis 0 and III are shown.

Discussion

This study investigated changes in pro-inflammatory, pro-
apoptotic and anti-apoptotic markers in patients developing

Table 2 EORTC/RTOG criteria

Type of score Grade

0 I II III IV

Gross (by
physician)

None Diffuse
erythema

Erythema, small
foci of ulcers

Ulcers covered by pseudomembranes in
more than half of mucosa

Necrotic ulcers and
hemorrhage

Functional
(by patient)

None Mild soreness,
solid diet

Mild to moderate
pain, soft diet

Severe pain and dysphagia, liquids only Sever pain, fluids only and/or
parenteral support

Fig. 1 Smear from oral mucosa: squamous cells and a cluster of basal
cells with mild nuclear atypia (PAP stain ×500)

1028 Support Care Cancer (2008) 16:1025–1033



mucositis after receiving radiotherapy for head/neck malig-
nant tumors. The hypothesis of our study was that pro-
apoptotic proteins and pro-inflammatory cytokines would
be increased, whereas anti-apoptotic proteins would be
decreased in patients developing oral mucositis after
receiving radiotherapy for head/neck cancer. An increase
in the expression of pro-inflammatory cytokines TNF and
IL-1β, as well as in the expression of pro-apoptotic protein
p53 and a decrease in the expression of anti-apoptotic
proteins BCl-2 and MCl-1 were recorded and were related
to the radiation-induced oral mucositis. Our findings,
therefore, are in agreement with our hypothesis.

Tumor necrosis factor is a pleiotropic protein that was
initially isolated from mouse serum following exposure to
bacterial endotoxin [11, 33]. It belongs to a family of
proteins that have both beneficial, as well as potentially
damaging, effects throughout the body [23, 33]. TNF plays
an important role in inflammatory and immune responses,

both protective and autoimmune such as rheumatoid
arthritis and inflammatory bowel disease (IBD) [23, 33, 34].

Interleukin-1β is a cytokine with multiple biologic
effects, including fever and increased gene expression of
pro-inflammatory cytokines and mediators [13, 33]. Che-
motherapy affects the release of both Interleukin-1β and
TNF from the epithelium [30, 46]. Ionising radiation, at
doses which in themselves are not directly damaging to
tissue, also causes the release of these cytokines from the
epithelium and connective tissue [46, 53].

Tumor necrosis factor is capable of causing tissue
damage [2] and may be an accelerating and initiating event
in the mucositis process [46]. Interleukin-1β incites an
inflammatory response resulting in increased subepithelial
vascularity [19] with a potential consequent increase in the
local levels of cytotoxic agent [46]. Along with TNF, IL-1β
is involved in the activation of NF-κB pathway. IL-1β and
TNF have been reported to have a synergistic effect
essential for the initial phases of the inflammatory response
[14, 33].

Fig. 4 BCl-2 expression before and after the initiation of radiotherapy

Fig. 3 Smear from oral mucosa: sheets of parabasal squamous cells
with mild nuclear atypia and positive nuclear immunostaining for p53
(×500)

Fig. 2 p53 expression before and after the initiation of radiotherapy

Fig. 5 Smear from oral mucosa with few isolated squamous cells: two
parabasal cells with strong positive cytoplasmic expression for BCl-2
(arrows; ×500)
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Several researchers have demonstrated elevated TNF
serum levels occurring in association with non-haemato-
logical toxicities [17, 22, 41, 42, 44]. Inhibition of TNF
using agents such as pentoxyfylline reduced these non-
haematological toxicities [7]. With respect to mucositis,
various studies have shown a decrease in the occurrence or
severity of mucositis following administration of TNF
inhibitors [7, 16, 32]. Lima et al. [32] demonstrated, using
a hamster model of 5-FU-induced mucositis, that adminis-
tration of TNF inhibitors pentoxyfylline and thalidomide
reduced the macroscopic and histological parameters of oral
mucositis and concluded that these results indicated an
important role for TNF in the pathophysiology of 5-FU
induced oral mucositis. Local tissue levels of IL-1β and
TNF have also been shown to increase markedly in animal
models of radiation-induced oral mucositis concurrently
with a development of mucositis [14]. Our results are in
agreement with those of previous authors in serum and
animal models, also demonstrating an increase in the

expression of TNF and IL-1β in the oral mucosa in patients
developing mucositis after receiving radiotherapy for head
and neck cancer.

BCl-2 and MCl-1 are members of the BCl-2 gene family
which controls apoptosis in response to a wide variety of
stimuli, including chemotherapy and radiotherapy [1, 8, 21,
24]. The BCl-2 family consist of both pro- and anti-
apoptotic members, and their main action appears to be the
regulation of mitochondrial membrane permeability and
caspase activation. Pro-apoptotic family members include
Bax, Bak, Bcl-xS, Bad, BID, Bim, Noxa and Puma while
anti-apoptotic family members include the Bcl-2, Mcl-1,
Bcl-Xl, Bcl-w and A1 [1, 8, 21, 24].

P53 is a tumor-suppression gene due to its ability to
suppress transformation by oncogenes and inhibit growth of
transformed cells [5, 9]. The functions of p53 include cell
cycle regulation, DNA repair and apoptosis [9, 45].

Fig. 8 TNF expression before and after the initiation of radiotherapy

Fig. 7 Smear from oral mucosa with few isolated squamous cells: two
parabasal cells with strong positive cytoplasmic expression for MCl-1
(arrows; ×500)

Fig. 6 MCl-1 expression before and after the initiation of radiotherapy

Fig. 9 Smear from oral mucosa: a cluster of parabasal cells with
strong positive cytoplasmic immunostaining for TNF (×500)
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Apoptosis is a dominant mechanism by which p53 inhibits
tumor development, and it is highly conserved through
evolution [9]. The half life of the p53 protein is relatively
short (about 20 min), and therefore, the cellular concentra-
tion remains normally very low. Levels of p53 protein are
increased after various stimuli like oncogene activation,
hypoxia, radiation, heat shock and cytotoxic drugs [9, 52].

Several studies in animals and human cancer cell lines
have described high pro-apoptotic and low anti-apoptotic
protein expression following chemotherapy and/or radio-
therapy and correlated this to high level of apoptosis [20,
26, 29, 31, 38]. Gibson et al. [20] demonstrated an up-
regulation of Bax protein and a down-regulation of Bcl-2
gene expression in breast cancer cell lines following
chemotherapy (etoposide and cyclophosphamide combina-
tion). Leung and Wang [31] reported similar results in

breast cancer cell lines following administration of adria-
mycin [31]. Inomata et al. [26] observed that when 5-
fluorouracil was applied to murine intestinal crypts, Bax-
positive cytoplasm was observed throughout the crypt
epithelial cells, accompanied by the occurrence of apopto-
sis. In a 1996 report, the exposure of mice to gamma-
radiation resulted in rapid elevations in the levels of the
Bax protein. Increases in Bax were followed by massive
apoptosis in lymphoid organs and in the small intestinal
crypts [29]. Bowen et al. [8] have shown that cytotoxic
chemotherapy up-regulates pro-apoptotic Bax, Bak and p53
proteins and down-regulates anti-apoptotic Mcl-1 protein in
the small intestinal crypts of rats and humans. The increase
of pro-apoptotic proteins coincided with elevated levels of
apoptosis. Our results also show an increase in the
expression of pro-apoptotic protein p53 and a decrease in
anti-apoptotic proteins BCl-2 and MCl-1 in the oral mucosa
of patients developing mucositis after receiving radiother-
apy for head and neck cancer, being consistent with those
of previous studies in animals, human cell lines and
intestinal crypts.

In this study, we observed an up-regulation of pro-
inflammatory and pro-apoptotic proteins, along with a
down-regulation of anti-apoptotic proteins, not only in
patients who developed mucositis after receiving radiother-
apy for head/neck cancer, but also in patients with an
increase in mucositis severity within two consecutive
examinations. Conversely, we have recorded a down-
regulation of the pro-apoptotic protein p53, along with an
up-regulation of anti-apoptotic proteins BCl-2 and MCl-1
in patients with a reduction of the grade of mucositis
(healing). Notably, these findings seem to correlate with the
five-phase theoretical mucositis model proposed by Sonis
[47].

While there is a sizable literature on the role of pro-
inflammatory cytokines and apoptotic proteins in the
development of mucositis, most researchers focus on
animal or cancer cell line studies or measure the levels of
the inflammatory markers in the serum. This study
investigated the changes on the inflammatory cytokines
and pro- and anti- apoptotic proteins in vivo, in the oral
cavity of head and neck cancer patients, before the
initiation of radiotherapy, after the development of radio-
therapy-induced mucositis and after the healing of muco-
sitis. The samples were taken from the oral cavity directly
from the ulcerative lesions of mucositis. In addition, the
present study investigates a combination of inflammatory
and apoptotic markers in the same patients. An immuno-
cytolochemical technique has been used, and cytologic
smears were collected from the oral cavity. Cytology is a
well-established method for the study of epithelial cell
changes and this study is, as far as we know, the first time
that this method is used for the study of radiotherapy-

Fig. 11 Smear from oral mucosa: a sheet with squamous parabasal
and few basal cells with strong cytoplasmic immunostaining for IL-1β
(×500)

Fig. 10 IL-1β expression before and after the initiation of radiotherapy
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induced mucositis in the oral mucosa of head and neck
cancer patients.

In conclusion, in this study, we have used an immuno-
cytochemical technique to evaluate the changes in inflam-
matory and apoptotic markers expressed in the oral cavity
of head and neck cancer patients before the initiation of
radiotherapy and after the development of radiotherapy-
induced mucositis. An increase in the expression of pro-
inflammatory cytokines TNF and IL-1β as well as the
expression of pro-apoptotic protein p53 and a decrease in
the expression of anti-apoptotic proteins BCl-2 and MCl-1
were recorded and were related to the radiation-induced
oral mucositis. To the best of our knowledge, our results
represent the first attempt to identify significant mucositis-
related markers using samples from the ulcerative lesions of
oral cavity of head and neck cancer patients before and after
the radiotherapy treatment. These results are in agreement
with those of previous studies in animals, human cell lines,
serum and intestinal crypts, further denoting the correlation
of inflammatory and apoptotic proteins to the pathobiology
of mucositis. The present preliminary report justifies the
continuation of the study and the additional investigation in
a larger number of patients to further explore the complex
aetiopathological mechanisms which underlie the biology
of oral mucositis. It would also be worthwhile to make
blood measurements of the same markers, so that a
comparison between blood and brushing measurements
can be made. The study is continued.
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