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ABSTRACT

INTRODUCTION  Crohn’s disease (CD) involves the entire gastrointestinal tract, including the mouth.
Numerous cytokines play a role in the regulation of inflammatory process in CD.

0BJECTIVES The aim of the study was to examine the prevalence of oral lesions in adult patients with
CD and to investigate whether salivary concentrations of interleukin 1(3 (IL-1B), interleukin 6 (IL-6), and
tumor necrosis factor a (TNF-a) are associated with the activity and oral manifestations of CD.
PATIENTS AND METHODS A prospective study included 95 adult patients: 52 with active CD and 43 with
inactive CD. The control group involved 45 subjects without CD. We performed blood tests, careful oral
examination, and measurement of IL-1(3, IL-6, and TNF-a in unstimulated whole saliva by enzyme-linked
immunosorbent assays.

ResuLts IL-1B, IL-6, and TNF-a were significantly elevated in patients with active CD. IL-1B levels
were 289.8 =52.7 in patients with active CD vs. 196.7 +42.9 pg/ml in patients with inactive CD
(P <0.039), and 196.7 =42.9 pg/ml (P <0.01) in controls. IL-6 levels were 13.8 =4.2 vs. 7.2 =3.1 pg/ml
(P <0.041), respectively, and 6.3 =1.4 pg/ml (P <0.001) in controls. TNF-a levels were 32.5 =8.7 vs.
10.2 +6.3 pg/ml (P <0.002), respectively, and 6.8 =2.8 pg/ml (P <0.001) in controls. We observed
CD-specific oral lesions: diffuse asymptomatic buccal swelling in 12 patients (23%) and cobblestoning
in 5 patients (11.3%). CD-nonspecific lesions were observed in 17 patients (32.7%) with active CD, in
11 patients (25.6%) with inactive CD, and in 6 controls (13.3%). In active CD, higher salivary IL-6 and
TNF-a and serum C-reactive protein levels correlated with specific oral lesions.

concLusions In patients with active CD, salivary IL-1P, IL-6, and TNF-a levels are higher than in patients
with inactive disease and controls. Elevated salivary IL-6 and TNF-a levels correlate with specific oral
lesions. These cytokines may be used as markers of active CD, but the finding should be confirmed in
a larger group of patients.

INTRODUCTION Crohn’s disease (CD) is a chron-
ic granulomatous inflammatory disease of the en-
tire gastrointestinal tract. Its etiology is unknown.
The disease manifests itself with exacerbation
(and then remission) of such symptoms as abdom-
inal pain, fever, and weight loss, and is associat-
ed with many general and gastrointestinal com-
plications.! Therapy involves the use of mesala-
zine and azathioprine. In active CD, corticoster-
oids and anti-tumor necrosis factor o (TNF-a) are

introduced.?? Since the first description of inflam-
matory lesions in the oral cavity of patients with
CD, it has been well established that the mouth
may be involved in the disease.* The prevalence
of oral lesions is particularly common in children
(48%—-80%) compared with adults (0.5%-20%),
but only a small proportion of lesions with gran-
ulomatous inflammation is characteristic of oral
CD.5"% Nonspecific lesions, including aphthous
stomatitis, ulcerations, and atrophic glossitis,
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were reported in 4% to 37% of the patients with
active CD.""'? However, the prevalence of aph-
thous ulcers and other nonspecific lesions is high
in other diseases and the general population.’
Because of a relatively easy access to direct vi-
sual examination of the oral cavity and biopsy,
the mouth is recognized as a very useful part of
the gastrointestinal tract in the diagnostic pro-
cedures of CD, especially in children.>’-®

Inflammatory process in CD involves the en-
tire digestive tract from the mouth to the anus.
Therefore, some alterations in the saliva, which
is a secretion of the salivary glands of the mouth,
may possibly reflect the severity of not only oral
but also systemic CD.'® A noninvasive collection
and easy access to the whole unstimulated sa-
liva have some obvious advantages compared
with blood-based analyses.'”'® The salivary con-
centrations of drugs or various biochemical com-
pounds can be easily applied in the diagnosis or
monitoring of numerous diseases."” Several au-
thors reported changes in the salivary levels of
selected cytokines in inflammatory diseases.'%?
Nielsen et al.? demonstrated higher levels of sal-
ivary interleukin (IL-6) compared with serum
concentrations in CD, and they speculated that
it was caused by the disease process involving
the mouth as part of inflammation of the entire
gastrointestinal tract.

The aim of the study was to examine the prev-
alence of oral lesions in adult patients with CD
and to investigate whether the salivary levels of
interleukin 1B (IL-1pB), IL-6, and TNF-a are as-
sociated with the activity and oral manifesta-
tions of CD.

PATIENTS AND METHODS Patients A prospec-
tive study was conducted in 95 adult patients with
CD, including 52 patients with active (exacerba-
tion) and 43 inactive (remission) disease. The con-
trol group comprised 45 individuals - students,
staff, and patients with dyspepsia or irritable
bowel syndrome. All patients were from the Uni-
versity Hospital in Krakéw, Poland. CD was diag-
nosed according to the clinical, radiological, en-
doscopic, and histological criteria described in
the European Crohn’s and Colitis Organization
(ECCO) guidelines.! Deterioration of CD was clas-
sified according to the CD activity index (CDAI),?
which is a composite scoring system based on se-
lected clinical symptoms, such as the number of
liquid stools, severity of abdominal pain, general
well-being, extraintestinal CD manifestations, ab-
normal abdominal mass, use of loperamide or opi-
ates for diarrhea, as well as hematocrit and body
weight. The CDAI values of 150 or less are asso-
ciated with quiescent disease (remission). Values
above 150 indicate active disease with 150-219
points considered as mild exacerbation, 220-450
as moderate, and above 450 points as severe."?®
Patients were on maintenance therapy with me-
salazine and azathioprine according to the ECCO
guidelines.? We excluded patients with a history
or the signs and symptoms of systemic infections,

cardiovascular disease, pulmonary and kidney
diseases, allergy, autoimmune diseases, diabetes,
patients with chronic periodontitis or oral lichen
planus and those treated with anti-inflammatory
drugs (except azathioprine), antioxidants, or
statins, which can affect the levels of cytokines
in the saliva.'%-2"23

The study was conducted in accordance with
the ethical principles of the 1975 Declaration
of Helsinki. The study protocol was approved by
the Commission of Bioethics at the Jagiellonian
University in Krakow, and all participants gave
their informed consent before enrollment.

Laboratory tests performed in all patients in-
cluded blood cell counts, platelet count, and se-
rum C-reactive protein (CRP). In patients with ac-
tive CD, blood and saliva samples were taken be-
fore the start of therapy with corticosteroids.
Oral examination Oral examinations were
performed in each subject by 2 investigators
(K.S., B.K.) who were blind to CD activity. Oral
examinations involved detailed anamnesis and
careful systematic assessment of the oral cavi-
ty, including the submandibular lymph nodes,
lips, labial mucosa and sulci, commissures, buc-
cal mucosa and sulci, gingiva, tongue, floor of
the mouth, and hard and soft palate.!"? Oral le-
sions were identified and described according to
the previously reported criteria, photographed
and, if necessary, biopsied in order to establish
the diagnosis of CD.'215.26

Saliva collection In the sialometric evaluation,
whole unstimulated saliva was collected between

8 and 10 a.m. using standard techniques in fasting

patients.?’ All subjects were requested to swallow

first, tilt their head forward, and then expectorate

saliva for 15 minutes into a sterile centrifuge cal-
ibrated tube placed on ice. The saliva volume and

flow rate were calculated. The samples were cen-
trifuged for 20 minutes at 3500 rpm, and super-
natants were separated and immediately frozen

at —-80°C for further analysis.

Cytokine assay  Saliva supernatants were stored
for 30 minutes at room temperature to defrost.
Cytokine levels in the salivary supernatants
were determined by the quantitative sandwich
enzyme-linked immunosorbent assay (ELISA)
using the human kits for IL-1B, IL-6, and TNF-a
(R&D Systems Inc., Minneapolis, United States),
according to the manufacturer’s instructions.
The sensitivity of the methods were as follows:
below 1 pg/ml for IL-1B, below 0.7 pg/ml for IL-6,
and 1.6 pg/ml for TNF-a. Cytokines were mea-
sured in the Laboratory of Biochemistry, 2nd De-
partment of Internal Medicine, Krakéw, Poland.

Statistical analysis The results were analyzed us-
ing the Statistica v. 9.0 software (StatSoft, Inc.,
Tulsa, United States). The results were expressed
as means * standard deviation. Statistical com-
parison was performed between patients with
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TABLE 1  Characteristics of patients with active and inactive Crohn’s disease and the control group

Crohn's disease Control
active inactive (n = 45)
(n=52) (n = 43)
age, y 33.8 £2.2 36.0 £3.1 NS 35.1 £3.2
women, n (%) 16 (30.7) 14 (32.6) NS 17 (37.8)
men, n (%) 36 (69.3) 29 (67.4) NS 28 (62.2)
smokers, n (%) 14 (27) 13 (30.2) NS 12 (27)
duration of disease, y 6.4 +1.7 13+24 NS 0
BMI, kg/m? 20.2 £1.4 22.1 1.0 0.01 242 £1.8°
hemoglobin, g/dl 11.6 =0.6 13.9 0.4 0.001 14.2 +0.3
red blood cell count, X 108/mm3 3.8 03 4.2 +0.2 0.01 4.3 0.2
white blood cell count, X 103/mm? 8.4 +2.0 7.1 %15 NS 6.4 £1.2¢
platelet count, X 103/mm3 370.9 = 60.2 258.3 +36.0 0.001 234.8 £31.5
CRP, mg/I 26.5 £4.2 53 =10 0.001 4.3 0.8
small intestine 13 (25) 9(20.9) NS 0
location large intestine 3(5.8) 4(9.0) NS 0
of lesions, - -
n (%) small and large intestines 36 (69.2) 30(69.8) NS 0
perianal lesions 10(19.2) 6(14) NS
_ CDAI, points 256.5 +36.9 107.5 £30.2 0.001
d':ifif,fty low CDAI (150-220), n (%) 14 (27) 0 0.0001
moderate CDAI (220-450), n (%) 38 (73) 0 0.0001

Data are presented as mean = standard deviation.

a P <0.01 vs. active CD; x? test and Mann-Whitney test
b P <0.001 vs. active CD; x? test and Mann-Whitney test

Abbreviations: BMI — body mass index, CD — Crohn's disease, CDAI — Crohn'’s disease activity index, CRP — C-reactive protein, NS — nonsignificant

correction was taken into account. P values less
than 0.05 in the 2-sided test were considered sta-
tistically significant.

active and inactive CD and the control group.
The nonparametric Mann-Whitney test, ? test,
and the Kruskal-Wallis one-way analysis of vari-
ance were used to compare variables between dif-
ferent groups. Correlations between salivary pa-
rameters and oral lesions were calculated using
the Spearman’s rank correlation coefficient. In
multiple comparisons of the data, the Bonferroni

RESULTS Patient characteristics The charac-
teristics of patients are given in TABLE 1. Study

groups did not differ in terms of number, age,
sex, smoking status, and duration of the disease.
Patients with active CD had a significantly low-
er body mass index (BMI), red blood cell count,
and blood hemoglobin levels and higher plate-
let count and serum CRP levels compared with

patients with inactive CD and the control group.
The CDAI of patients with active CD was 256.5

+36.9 points, and in patients with inactive dis-
ease — 107.5 £30.2 points (P <0.001). The major-
ity of patients (73%) had moderate disease activ-
ity (CDAI >220 points), while the remaining 27%
had low CD activity (CDAI <220 points). In almost
70% of the patients in both groups, inflammato-
ry lesions were located in the terminal intestine

and proximal large intestine (TABLE 1). Patients did

not have a history of surgery for CD.

M active 23
% I inactive

20

15+

10

Orallesions  The prevalence of oral lesions in pa-
tients with active CD, inactive CD, and in the con-
trol groups is presented in FIGURES 1 and 2. The fol-
lowing CD-specific oral lesions, classified accord-
ing to Scheper and Brand,*® were observed in pa-
tients with active CD: indurated polypoid tag le-
sions on vestibular and retromolar fossae in 13.5%

polypolid tag
lesions swelling

cobblestoning buccal gingivitis

FIGURE 1 Prevalence of specific oral lesions classified according to Scheper and
Brand®® in patients with active and inactive Crohn’s disease; active vs. inactive:
P <0.01; x? test
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deep
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FIGURE 2 Prevalence
of nonspecific oral lesions
classified according to
Scheper and Brand*® in
patients with active and
inactive Crohn’s disease
and controls; active vs.
inactive: P <0.01 (except
coated tongue, P <0.05);
active vs. controls:

P <0.01; inactive vs.
controls (angular
cheilitis): P <0.01
(except aphthous ulcers,
P >0.05); x* test

[ inactive

26.9

control

30.8

apththous
ulcers

angular
cheilitis

atrophic
glossitis

of the patients, cobblestoning in 11.3%, diffuse
asymptomatic buccal swelling in 23%, and gin-
givitis in 17.3% (FIGURE 1). Diffuse asymptomatic
buccal swelling was diagnosed in 11.6% and gin-
givitis in 2.3% of the patients with inactive CD
(FIGURE 2). Nonspecific lesions in the oral cavity
were observed in 11.5% (median lip fissure) to
32.5% (coated tongue) of the patients active CD
and up to 25.6% (coated tongue) of the patients
with inactive disease (FIGURE 2). Nonspecific lesions
were rarely observed in the control group (from
4.4% to 13.3%; FIGURE 2). The Spearman rank test
showed a positive correlation between the pres-
ence of specific lesions and blood hemoglobin,
platelet count, serum CRP, and BMI in patients
with active CD (1ABLE 2). However, no correlation
was observed between oral lesions and the CDAI
in active CD (TABLE 2).

Cytokine levels in saliva The results of saliva
analysis, including IL-1p, IL-6, and TNF-a lev-
els, in patients with CD and the control group
are presented in FIGURES 3-6. The salivary flow rate
was not significantly different between patients
with active and inactive CD (0.41 +0.1 and 0.38
+0.1 ml/min, respectively) and healthy controls

TABLE 2 Correlations between specific oral lesions and blood tests, Crohn’s disease
activity index, and body mass index in patients with active Crohn’s disease

Oral lesions and blood tests,

Spearman’s rank correlation coefficient

CDAI, and BMI

r t(n-2) P
white blood cell count 0.212 1.745 0.086
red blood cell count -0.202 -1.663 0.101
hemoglobin -0.420 -3.728 0.0001
hematocrit —-0.448 —4.035 0.0001
platelets 0.344 2.953 0.004
CRP 0.453 4.095 0.001
fibrinogen 0.430 3.841 0.0003
albumin —-0.358 -3.087 0.003
CDAI 0.217 1.296 0.204
BMI 0.324 2.752 0.008

Abbreviations: see TABLE 1
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13.3
0 0 0 0
coated median lip lymphadenopathy
tongue fissure

(0.36 0.1 ml/min.). The rate did not correlate
with the prevalence of oral lesions in both CD
groups (FIGURE 3).

The ELISA analysis of the whole unstimulat-
ed saliva in this cohort revealed a significant in-
crease in the levels of IL-1B, IL-6, and TNF-a in
active CD compared with inactive CD and controls.
Specifically, the results analyzed by the Mann-

-Whitney test showed significant differences in
the salivary levels of IL-1B: 289.8 +52.7 pg/ml in
active CD vs. 196.7 +42.9 pg/ml in inactive CD
(P <0.039) and 168.2 +39.1 pg/ml in controls (P
<0.011 vs. active CD; P <0.095 vs. inactive CD;
FIGURE 4); IL-6:13.8 +4.2 pg/ml in active CD vs. 7.2
+3.1 pg/ml in inactive CD (P <0.041) and 6.3 +1.4
pg/ml in controls (P <0.01 vs. active CD; P <0.142
vs. inactive CD; FIGURE 5); and TNF-a: 32.5 +8.7
pg/ml in active CD vs. 10.2 +6.3 pg/ml in inac-
tive CD (P <0.002) and 6.8 +2.8 pg/ml in controls
(P <0.001 vs. active CD; P <0.850 vs. inactive CD;
FIGURE 6). There were no statistically significant dif-
ferences in salivary IL-1fB, IL-6, and TNF-a levels
between patients with inactive CD and controls.

No correlations were found between IL-1B, IL-6,
and TNF-a levels in the saliva and age, sex, dura-
tion of the disease, red and white blood counts,
blood hemoglobin levels, and the intestinal loca-
tion of CD. A positive correlation by the Spear-
man rank test was observed between elevated
IL-6 and TNF-a levels in the saliva and specif-
ic lesions in active CD (r = 0.328, P = 0.012 and
r = 0.413, P = 0.023, respectively; TABLE 3), while
no such relationship was observed for IL-1B (r =
0.172, P = 0.282; TABLE 3).

DISCUSSION  The study is the first to have an-
alyzed the salivary levels of 3 important proin-
flammatory cytokines, IL-1B, IL-6, and TNF-a, in
patients with active and inactive CD. Our results
show that patients with active CD have higher
salivary IL-1B, IL-6, and TNF-a levels compared
with patients with inactive CD and healthy con-
trols. Higher levels of these proinflammatory cy-
tokines correlated with clinical and biochemical
markers of disease activity. Our results confirm
that salivary IL-1pB, IL-6, and TNF-a are involved
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040 4 038 0.1

0.35 1
0.30
0.25 1
0.20
0.15 1
0.10
0.05 1

0.36 =0.1

salivary flow rate (ml/min)

active inactive control

FIGURE 3 Salivary flow rate in patients with active

and inactive Crohn’s disease and controls; differences
between groups are not statistically significant; Mann-
-Whitney test

144 138=x42

IL-6 (pg/ml)
I

8 7.2 £3.1
6.3 =14

active inactive control

FIGURE 5 Interleukin 6 (IL-6) levels in the saliva of
patients with active and inactive Crohn’s disease and
controls; active vs. inactive: P <0.041; active vs.
controls: P <0.001; inactive vs. controls: P = 0.142;
Mann-Whitney test

Abbreviations: IL-6 — interleukin 6

in gastrointestinal inflammation and suggest that

they could be used as additional markers of ac-
tive CD. Furthermore, increased salivary IL-6 and

TNEF-a levels correlated with active but not inac-
tive CD as assessed by the CDAL

The biomarkers of an inflammatory process in

the saliva of patients with active CD have been

rarely studied.?®-30 Rezaie et al.?® and Jahansha-
hi et al.?® reported increased salivary epidermal

growth factor, transforming growth factor-f1
(TGF-P1), oxidative stress markers, and nitric
oxide in relation to disease activity in patients

with CD. Nielsen et al.?* observed a significant
difference in salivary IL-6 levels between patients

with CD and reference persons (median, 16.9 ng/1

vs. 6.3 ng/l; P <0.05). The authors concluded that
higher IL-6 levels in the saliva of patients with

CD confirmed the general involvement of the gas-
trointestinal tract extending to the mouth cavity

350
300 - 289.8 £52.7

250
200 196.7 +42.9 1682 <301
150
100
50
0

active inactive control

IL-1 (pg/mi)

FIGURE 4 Interleukin 1P levels in the saliva of patients
with active and inactive Crohn’s disease and controls;
active vs. inactive: P <0.039; active vs. controls:

P <0.011; inactive vs. controls: P = 0.095; Mann-
-Whitney test

Abbreviations: IL-1f3 — interleukin 1

BT 3587
30 -
25

20

TNF-o (pg/ml)

10.2 =6.3
6.8 +2.8

a i s

active inactive control

FIGURE 6 Tumor necrosis factor a (TNF-a) levels in
the saliva of patients with active and inactive Crohn’s
disease and controls; active vs. inactive: P <0.002;
active vs. controls: P <0.001; inactive vs. controls:
P = 0.850; Mann-Whitney test

Abbreviations: TNF-a — tumor necrosis factor a

and that measuring IL-6 might be an addition-
al method of evaluating and monitoring disease
activity.?

Higher salivary levels of IL-1p, IL-6, interleukin
8 (IL-8), and TNF-a in patients with other inflam-
matory diseases of the oral cavity, such as peri-
odontitis, and in patients with oral cancer have
been observed.'2%:27.3132 Tales et al.?® reported
opposite results; they found no statistically sig-
nificant differences in salivary IL-1B, IL-6, TNF-q,
and other cytokines between patients with peri-
odontitis and healthy controls. Recently, Stein
et al.’? have observed that patients with CD have
increased prevalence of periodontitis, and that
periodontal microbiota may affect mucosal le-
sions. Considering the fact that periodontal in-
flammation may alter cytokine levels in the saliva,
we decided to exclude patients with periodontal
disease from our study. Of note, cytokine levels
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TABLE 3 Correlations between specific oral lesions and proinflammatory cytokines in
the saliva of patients with active Crohn’s disease

Specific oral lesions and cytokine

levels in the saliva

Spearman’s rank correlation coefficient

r t(n-2) P
IL-1B, pg/ml 0.172 1.091 0.282
IL-6, pg/ml 0.328 2.602 0.012
TNF-q, pg/ml 0.413 2.960 0.023

Abreviations: see FIGURES 4-6

in the whole unstimulated saliva of healthy con-
trols reported by other authors were similar to
our results. Specifically, the mean IL-1 levels
were between 61.1 and 173.2 pg/ml vs. 168 +39.1
pg/ml in our study; IL-6 levels were between 1.35
and 47.46 pg/ml vs. 6.3 +1.4 pg/ml in our study;
and TNF-a levels were between 2.24 and 4.06 pg/
mlvs., 6.8 £2.8 pg/ml in our study.'%20.22.27.31 De-
spite the heterogeneity of the results and differ-
ent study populations, it may be concluded that
patients with active CD have altered cytokine pro-
duction, which is reflected by the levels of proin-
flammatory cytokines in the saliva.

Saliva plays an important role in maintaining
proper oral environment.'® Results from our sia-
lometric study confirm a previous finding that
the saliva flow rate in patients with active and in-
active CD is within the normal range, i.e., between
0.36 and 0.41 ml/min." Our study showed that
the levels of proinflammatory cytokines (IL-1B,
IL-6, and TNF-a) in the whole unstimulated saliva
of patients with active CD were significantly high-
er compared with patients with inactive disease
and healthy controls. Our results are consistent
with the study of Nielsen et al.,* who observed
elevated IL-6 levels in the saliva of patients with
CD?* and with the studies by other investigators
who reported increased salivary cytokines in oth-
er inflammatory diseases.!9-23.27.31.32

Studies in patients with various oral disor-
ders, such as periodontal disease, lichen planus,
and oral carcinoma, demonstrated that the lev-
els of certain proinflammatory and proangio-
genic nuclear factor-xB (NF-xB)-dependent cy-
tokines are increased in the whole unstimulat-
ed saliva.'#?277

The analyzed NF-xB-dependent cytokines
(IL-1B, IL-6, and TNF-o) could play an important
and complex role in the induction of an inflam-
matory process such as CD.%33% NF-«B is a pri-
mary transcription factor that controls the ex-
pression of genes encoding a series of cytok-
ines with proinflammatory, immunoregulato-
ry, and proangiogenic activity, including TNF-q,
interleukin 1o, IL-6, and IL-8.192227.34 Activation
of NF-«B also contributes to the expression of
genes that mediate inflammatory and immune
response.?2?73 TNF-o and IL-6 are secreted by
T and B lymphocytes, monocytes, endotheli-
al cells, epithelial cells, and macrophages and
play a significant role in the stimulation of T
and B lymphocytes, induction of acute-phase
proteins, stimulation of hematopoiesis and

ORIGINAL ARTICLE Proinflammatory cytokines in the saliva of patients with...

thrombopoiesis, as well as tumor growth in-
duction and suppression.’?3 TNF-a and IL-6, in
combination with some other cytokines, exhibit
immunoregulatory activities through a complex
cytokine network and have been reported to be
involved in the pathogenesis of several chron-
ic inflammatory diseases, such as inflammato-
ry bowel diseases, rheumatoid arthritis, asth-
ma, and others.?2273% Rhodus et al."¥ showed
that NF-xB-dependent cytokines are elevat-
ed in the saliva of patients with several diseas-
es.'%2%33 CD is a chronic inflammatory disorder
characterized by not fully elucidated T-cell-me-
diated immune response against the epithelial
cells with persistent accumulation of T lympho-
cytes and epithelial cell damage.®®

Higher salivary levels of proinflammatory cy-
tokines may be caused either by the local pro-
duction from the cells of inflammatory infiltra-
tions of the oral mucosa and/or salivary glands,
or by the loss of structural barriers of the oral
mucosa, particularly in the active inflammato-
ry process.?? Our results confirm that patients
with active CD have higher levels of IL-1p, IL-6,
and TNF-a compared with patients with inactive
CD and controls. In another, so far unpublished
study conducted in the same group of patients
with CD, we have shown much lower serum lev-
els of IL-6 and TNF-a compared with their sali-
vary levels, which may suggest increased secretion
of these proinflammatory cytokines to the sali-
va. Specifically, serum IL-6 levels were 6.1 +3.8
pg/mlin active CD vs. 2.47 +1.7 pg/ml in inactive
CD (P <0.05) and 2.07 +1.2 pg/ml in controls; se-
rum TNE-a levels were 4.6 +5.8 pg/ml in active
CD vs. 1.6 +0.9 pg/ml in inactive CD (P <0,05)
and 1.62 1.3 pg/ml in controls. Nielsen et al.?
demonstrated higher levels of IL-6 in the saliva
of patients with CD compared with serum levels,
most likely caused by local secretion of IL-6.24
The authors speculated that the inflammatory
process of the entire gastrointestinal tract includ-
ing the mouth may subsequently affect the lev-
els of inflammatory markers in the saliva.? Our
studies have confirmed this observation in pa-
tients with active CD. Moreover, we observed in-
creased levels of other proinflammatory cytokines
in the saliva, namely, IL-1p and TNF-a.

IL-6 is the major mediator of inflammation,
and together with IL-1B and TNF-q, it stimulates
the synthesis of acute-phase proteins, including
CRP, and activates bone marrow cells with the re-
lease of platelets to the blood.?* Elevated CRP and
increased platelet count observed in our study in
patients with active CD may be caused by high-
er salivary and blood levels of proinflammatory
cytokines.?3 Our study also confirmed a close
correlation between the elevated salivary levels of
IL-6 and TNF-q, but not IL-1p, and specific oral
lesions in patients with active CD as assessed by
the CDAL Lack of association between increased
salivary IL-1P and specific oral lesions in patients
with active disease is difficult to explain in this
study, particularly because IL-1B, similarly to IL-6
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and TNF-q, correlated with other inflammatory
markers. We can only speculate that the antago-
nistic effect of CD medication on salivary IL-1f
may partially explain the lack of a statistically sig-
nificant correlation between oral lesions in active
CD as assessed by the CDAI and IL-1B levels in
the saliva. Our findings should be confirmed in
alarger group of patients.

The study has several limitations. First, we did
not analyze other parameters of inflammato-
ry process or oxidative stress markers. The im-
portance of oxidative stress in the pathophysi-
ology of CD is well known and was studied with
respect to the mucosal inflammation of the oral
cavity by several authors. Jahanshahi et al.?° an-
alyzed the whole saliva of patients with CD and
observed oxidative stress in the saliva with in-
creased values of nitric oxide and lipid peroxide
markers as well as decreased antioxidant power
assessed by ferric-reducing ability. Rezaie et al.?8
measured oxidative capacity, specific antioxidants
in saliva such as uric acid, albumin, transferring,
and thiol molecules as well as lipid peroxidation,
nitric oxide, and TGF-p in the saliva of patients
with active CD.?® They observed significant re-
duction in salivary levels of total antioxidant ca-
pacity, albumin, and uric acid in active CD, and
the CDAI correlated with the antioxidant capac-
ity and lipid peroxidation.?

We also did not analyze the effect of smoking
on salivary cytokines. Several authors reported
higher systemic levels of IL-1pB, IL-6, and TNF-a
in healthy smokers compared with healthy non-
smokers but it was not confirmed by other inves-
tigators.32.36.37 Conflicting data regarding these cy-
tokines in the saliva of smokers with CD require
further research.

Another limitation of our study is the fact that
the patients with CD were chronically treated
with mesalazine and azathioprine, and we could
not exclude the effect of these anti-inflammato-
ry drugs on the measured cytokines. Both drugs
are currently recommended as maintenance ther-
apy of patients with CD.?

The present study showed that more than
11% of the patients with active CD had disease-

-specific lesions in the oral cavity. Oral lesions spe-
cific for CD have been described in several stud-
ies and confirmed by histological examination
with characteristic granuloma in inflammatory
lesions.'®12:38 Types of CD-specific oral lesions
have been described by numerous authors and
included diffuse swelling of the lips, buccal mu-
cosal swelling, mucogingivitis, cobblestoning and
granulomatous cheilitis, deep linear ulcerations,
and mucosal tags.'?3® Halme et al."" studied 53 pa-
tients with CD located in the small and large intes-
tine and observed specific oral inflammatory le-
sions confirmed by histopathological examination
in 9 patients with active disease. Nonspecific le-
sions occur more often in CD and can be found in
patients without gastrointestinal diseases or even
in the general population.?''1%:39.40 The high prev-
alence of these lesions may be caused by a specific

diet, malabsorption, adverse effects of drugs, as
well as anemia and deficiencies of iron, fat-solu-
ble vitamins, folic acid, or vitamin B.., which are
typically associated with CD."

We observed CD-specific lesions, classified ac-
cording to Scheper and Brand,?® in 23% of the pa-
tients with active CD. Indurated polypoid tag le-
sions on vestibular and retromolar fossae were
found in 13.3% of the patients, cobblestoning in
11.3%, and gingivitis in 17.3%. The most charac-
teristic and the most common lesion is the in-
ner cheek swelling, which was observed in 23%
of the patients in our study.%'-38

Investigators report a varying prevalence of
oral lesions in patients with active and inactive
CD.'0-12.26 Tt may be caused by numerous factors
including age, ethnicity, and the severity of ac-
tive CD as assessed by the CDAL.'? Experience of
the investigator and definition of disease-specif-
ic lesions should also be considered.'? Numerous
studies described nonspecific lesions as charac-
teristic of oral CD."5-® Therefore, it is important
to describe oral lesions in patients with CD ac-
cording to a classification that is based on a care-
ful evaluation of the lesions.'?% The prevalence
of CD-specific lesions in adult patients reaches
32%"1? and is much lower than in children (up
to 80%).%12

Our study showed an association between oral
CD in patients with active disease and increased
levels of erythrocytes, hemoglobin, platelets, se-
rum CRP, and BMI. However, no correlation was
observed between the CDAI and oral CD. Inter-
estingly, several case reports confirmed that se-
vere oral lesions may occur in patients without
clinical symptoms of active CD.'316:40

In conclusion, the present study demonstrat-
ed that proinflammatory cytokines, such as IL-1B,
IL-6, and TNF-q, are elevated in the whole unstim-
ulated saliva of patients with active CD compared
with patients with inactive disease and controls.
Cytokine levels correlated with several markers
of the inflammatory process and the presence of
oral lesions, confirming that the mouth cavity is
involved in patients with active CD. The observa-
tion that IL-1B, IL-6, and TNF-a in the whole sa-
liva are significantly elevated in active CD com-
pared with inactive CD and the control group may
have diagnostic and prognostic value. Further-
more, salivary cytokine levels in saliva may be use-
ful sensitive biomarkers of CD activity. Moreover,
considering that over 11% of the patients with
active CD had disease-specific lesions in the oral
cavity, careful oral examination of the lesions
should be included in the clinical evaluation of
patients with CD.

12’
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STRESZCZENIE

WPROWADZENIE  Choroba Le$niowskiego i Crohna (ChLC) dotyczy catego przewodu pokarmowego, w tym
jamy ustnej. W regulacji procesu zapalnego w ChLC odgrywa role wiele cytokin.

CELE  Celem badania byta ocena czgsto$ci wystgpowania zmian w jamie ustnej u dorostych chorych
na ChLC oraz zbadanie, czy stezenie w $linie interleukiny 1B (IL-1(), interleukiny 6 (IL-6) i czynnika mar-
twicy nowotwordw a (tumor necrosis factor a — TNF-a) zalezy od aktywno$ci choroby i zmian w jamie
ustnej.

PACJENCI | METODY Do badan prospektywnych wtaczono 95 dorostych chorych na ChLC: 52 z aktywna
postacig choroby oraz 43 z nieaktywna postacia choroby. Grupe kontrolne stanowito 45 oséb bez ChLC.
Wykonano badania laboratoryjne krwi, szczegétowe badanie jamy ustnej oraz pomiar stezenia IL-1f3, IL-6
i TNF-a w niestymulowanej petnej $linie za pomocg testu immunoenzymatycznego.

WYNIKI  Stezenia IL-13, IL-6 i TNF-a byty znamiennie wigksze u chorych z aktywng postacig ChLC.
Stezenie IL-1B wynosito: 289,8 £52,7 pg/ml u chorych z aktywng postacig ChLC vs 196,7 42,9 pg/ml
u chorych z nieaktywna postacig ChLC (p <0,039) oraz 196,7 +42,9 pg/ml (p <0,01) w grupie kontrol-
nej. Stezenie IL-6 wynosito odpowiednio: 13,8 +4,2 pg/mlvs 7,2 3,1 pg/ml (p <0,041) oraz 6,3 1,4
pg/ml (p <0,001) w grupie kontrolnej. Stezenie TNF-a wynosito odpowiednio: 32,5 +8,7 pg/ml vs 10,2
+6,3 pg/ml (p <0,002) oraz 6,8 +2,8 pg/ml (p <0,001) w grupie kontrolnej. Obserwowano swoiste dla
ChLC zmiany w jamie ustnej: rozlany niesymetryczny obrzek policzka u 12 chorych (23%) i nieréwnosci
btony $luzowej u 5 chorych (11,3%). Nieswoiste dla ChLC zmiany obserwowano u 17 (32,7%) chorych
z aktywng postacig choroby, u 11 (25,6%) z chorych z nieaktywnga postacig choroby oraz u 6 (13,3%)
0s6b z grupy kontrolnej. W aktywnej postaci ChLC wigksze stezenia IL-6, TNF-a i biatka C-reaktywnego
w surowicy korelowaty ze swoistymi zmianami w jamie ustnej.

wnioskl U chorych z aktywng postacig ChLC stezenie IL-13, IL-6 i TNF-a w $linie jest wigksze niz
u chorych z nieaktywng postacig choroby i u 0sdb z grupy kontrolnej. Zwiekszone stezenie IL-6 i TNF-a
w $linie koreluje ze swoistymi zmianami w jamie ustnej. Cytokiny te moga by¢ stosowane jako markery
aktywnej postaci ChLC, lecz wymaga to potwierdzenia w wigkszej grupie chorych.

POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ  2012; 122 (5)



